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ABSTRACT 
Objective: This study describes the mycorrhizal status of Lycium europaeum in the mobile and fixed dunes 
in the coastal area of Mehdia (Northwest of Morocco). 
Methodology and results: Evaluation of the mycorrhization level in the roots was effected and the 
identification of the arbuscular mycorrhizal fungi was based on the morphological characters of the isolated 
spores from soil and root samples collected from the rhizosphere of Lycium europaeum developing in the 
bright and fixed dunes of Mehdia coastal dunes. Different structures of the arbuscular 
endomycorrhizal fungi and the endophytes were present in the roots of L. europaeum. 100% of the roots 
were mycorrhized in both sites with an intensity of 18.4% in the fixed dunes and 10.43% in the mobile 
dunes. The arbuscular and the vesicular contents were respectively 6.2 - 1.2 % and 11.83 - 3.96 % in 
mobile and fixed dunes. Spores number was 75 (mobile dunes) and 50 spores/100 g of soil (fixed dunes). 
29 species of the mycorrhizal fungi were isolated, divided into seven genera (Gigaspora, Acaulospora, 
Diversipora, Entrophospora, Scutellospora, Paraglomus and Glomus). The genus Glomus alone was 
represented by 20 species. The two sites of the studied dunes have only two common species: Glomus 
claroideum and Scutellospora nigra. 
Conclusion and application of results: Lycium europaeum, mycotrophic species, may be a good candidate 
to fix the mobile dunes and to protect the reserve of Sidi Boughaba threatened by the progress of sand. 
Mycorrhization probably facilitates the installation of this species, suspected rare in Morocco, which grows 
well in the mobile dunes.  
Keywords: Morocco, coastal dunes, Lycium europaeum, mycorrhizal status, arbuscular endomycorrhizal fungi. 
 
INTRODUCTION 
Lycium europaeum, Solanaceae is a phanerophyte 
shrub (Al-Sodany, 2003). It has a calyx of 2-4 mm, 
leaves (20-60 mm) oblanceolate or elliptic, and a 
corolla of 10 to 13 mm (Valdès et al., 2002). The 

species has been reported in Europe, Africa, Asia, 
Micronesia (Valdés et al., 2002), Tunisia (Neffati 
and Akrim, 1996; El Hamrouni, 2001) and in Egypt 
(Al-Sodany, 2003; Hegazi, 1981). In Morocco, 
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boxthorn (Lycium europaeum) was encountered in 
the Rif, Targuist, Zerhoun, Aknoul, Guercif, Gharb 
(Valdès et al., 2002) and the Mamora (Aafi et al., 
2003) in the palm plantation in Marrakech (Belqziz, 
2006). It is considered as a rare species in the 
catalog of the rare vascular plants, threatened or 
endemic to Morocco (Fennane et Ibn Tatou, 1998). 
The traditional Moroccan pharmacopoeia 
(Belkhdar, 1997; Nassif et Tanji, 2013) considers 
L. europaeum (Euro-Mediterranean species) as a 
medicinal plant (Hmamouchi, 1997) which can be 
used to treat mouth and throat diseases, eczema, 
scabies and various eye diseases, animal bites 
and against the female infertility (Boullard, 2001 ; 
El Hamrouni, 2001). The berries of the species, 
even in decoction, dosed wisely, are effective 
against tonsillitis, aphthae and diarrhoea (Boullard, 
2001). In the literature, there is little information 
about the biological factors supporting the growth 
of L. europaeum and determines its presence in 
different regions of Morocco. The role of 
mycorrhizal fungi in the growth and the nutrition of 

plants have been amply demonstrated by 
Chaussod and Nouaim (1996). For example, 
arbuscular mycorrhizae, improve the ability of the 
plant nutrition, including phosphorus, and water 
absorption through the development of a telluric 
mycelial network (Harly and Smith, 1983; 
Plenchette et al., 2000). In general, mycorrhizal 
status of trees and shrubs is not much known. 
The objective of this work is to study the 
mycorrhizal status of Lycium europaeum (different 
forms of the mycorrhizal species that exist in the 
rhizosphere and the roots of Lycium europaeum) in 
the mobile and fixed dunes in the coastal area of 
Mehdia. The species has been reported in west of 
Merja, in the fixed dunes of this reserve which 
surrounds the side of the Mehdia range ground 
(Benrahmoune and Dubrille, 2003). In recent 
years, L. europaeum begins to stand on the sand 
of the mobile dunes. It was observed on the dunes 
of sand between the formation of Ammophila 
arenaria and that of Retama monosperma. 

 
MATERIALS AND METHODS  
Choice of sites: The studied area, Coastal dunes of 
Mehdia, is located at 35 km of Rabat and 13 km of 
Kénitra. This portion of the Atlantic coastal contains 
also the reserve of Sidi Boughaba and lake of 6 km 
long and 100 to 350 m wide, has a depression, which 
separates two sand dunes, mobile in the west and fixed 
in the east. Mobile sand dunes are directly related to 
the range of Mehdia. 
Sample collection: Soil samples were collected from 
two Sites. Site I (S1), located in the mobile dunes of the 

Mehdia coastal zone (Fig. 1). Site II (S2), fixed dunes, 
located between the first site and biological reserve of 
Sidi Boughaba. The samples were taken in the month 
of April 2012 from the rhizosphere of Lycium 
europaeum (5 shrubs per site at a rate of one kg of soil 
per shrub) at a depth of 25 to 80 cm and a composite 
sample of soil were realized per site. Very fine roots, 
more likely to be mycorrhized and more easily 
observable under the microscope were taken together 
with the soil. 
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Fig 1:  Plantlet of Lycium europaeum (L) developing in the coastal dunes of Mehdia; (A): Ammophila arenaria; (R): 
Retama monosperma. 
 
Measuring the rate of mycorrhized roots: The roots 
were prepared according to the method of Koske and 
Gemma (1989). 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 (Philips et Hayman, 1970 modified), 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 (Kormanik and McGraw, 
1982). 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 100 x and 400 x 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 endomycorrhizal fungi inside the roots 
were measured assigning a mycorrhization index 
ranging from 0 to 5 (Derkowska et al., 2008): 

0 : absent ; 1 : traces ; 2 : less than 10% ; 3 : from 11 to 
50% ; 4 : from 51 to 90% ; 5 : more than 91%. 
 Mycorrhizal Frequency: Mycorrhizal 
Frequency (F %), it reflects the infection importance of 
the host plant root system by the endomycorrhizal 
fungi: 

F% = 100 (N-No)/N 
N: number of the observed fragments and No: number 
of non-mycorrhized fragments. 
  Mycorrhizal intensity: Mycorrhizal intensity 
(M %) expresses the portion of the cortex colonized 
compared to the entire root system: 
 
 (M %) = (95 n5 + 70 n4 + 30 n3 + 5 n2 + n1) / N 

 
Where: n = number of fragments assigned with the 
index 0, 1, 2, 3, 4 or 5.  
 Arbuscular content (A %) of the 
mycorrhized part : 
 
 
 
Where; 
MA3, MA2, MA1 are the percentages (%) respectively 
assigned to the notes A3, A2, A1, with, MA3 = (95n5 
A3 + 70 n4 A3 + 30 n3 A3 + 5 n2 A3 + n1A3) / N. The 
same for A1 and A2, n5A3 represents the number of 

A%=(100mA 3 +50mA2+10mA1) /100 
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fragments marked 5 with A3; n4A3 marked the number 
of fragments 4 with A3; etc... 
A0: no arbuscules, A1: some arbuscules 10%, A2: 
moderately abundant arbuscular 50%, A3: very 
abundant arbuscular: 100%. 
 
 Vesicular content (V %) 
 
(V %) = (100 mV3 + 50 mV2 + 10 mV1) / 100 
Where; 
 
MV3, MV2, MV1 are the percentages (%) respectively 
assigned notes V3, V2, V1, with V3; 
MV3 = (95V3n5 + 70n4V3 + 30 n3V3 + 5 n2 V3 + 
n1V3) / N. The same for V1 and V2.n5V3 represents 
the number of fragments marked 5 with V3; n4V3 
marked the number of fragments 4 with V3; V0: no 
vesicles; V1: some vesicles 10% V2: 50% moderately 
abundant vesicles; V3 abundant vesicles: 100%. 
 
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 µm). 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 (Walker et al., 
1982). 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 frequency of spores’ 
occurrence : 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. 
Statistical analysis: The statistical treatment of results 
focused on the analysis of variance to a single criterion 
of classification (ANOVA). 

 
RESULTS 
The observation of Lycium europaeum root fragments, 
collected from mobile and fixed dunes, prepared by the 
method of Philips and Hayman (1970) and dyed by the 
Cresyl blue (Fig. 2), helped to demonstrate the 
presence of mycorrhizal structures. External hyphae, 
intercellular, vesicles and arbuscules were observed. 
Some endophytes were also observed, with a septate 

mycelium. Mycorrhizal frequency of the roots was 
100% in the fixed dunes, same in the mobile dunes 
(Fig. 3). In the opposite, root mycorrhizal intensity (Fig. 
4) in the fixed dunes (18.4%) was slightly greater than 
that observed among the roots of the mobile dunes 
(10.43%).  
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Fig. 2: Mycorrhized roots of L. europaeum representing different structures: vesicles (A), arbuscules and external 
hyphae (B) and the internal hyphae (C) (G. ×400). 
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Fig.3: Mycorrhized roots of L. europaeum representing septate filaments (A) and kinds of encysted filaments (B)  and 
other structures of endophytes (C et D) (G. ×400). 

 
 
 
 
 

A B 
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Fig. 4: Mycorrhizal frequency and intensity of L. europaeum roots in the mobile and the fixed dunes. Two results 
affected by the same letter were not significantly different at 5%. 
 
In the mobile dunes, the vesicular and arbuscular 
contents were respectively in the order of 6.2, 11.83, 
1.2, and 3.96% in the fixed dunes (Fig. 5). Regarding 
the estimation of the spores density in the rhizosphere 

of Lycium europaeum, developing in the two study sites 
(Fig. 6), the average was 75 (mobile dunes) and 50 
spores/100 g of soil (fixed dunes). 

 

 
Fig. 5: Arbuscular and vesicular content of L. europaeum roots in the mobile and fixed dunes. Two results affected 
by the same letter were not significantly different at 5%.  
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% 
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Fig. 6: Number of AM fungi spores (Sp. Number) in the rhizosphere of L. europaeum in the two study sites.  
Two results affected by the same letter were not significantly different at 5%. 
 
Preliminary identifications have shown that the 
encountered spores (Fig. 7) belong to seven genera: 
Gigaspora (4 species), Acaulospora (one species), 
Diversipora (one species), Entrophospora (one 
species), Scutellospora (one species), Paraglomus 
(one species) and Glomus (20 species). Species 
richness was 14 and 18 species respectively in the 
mobile dunes and consolidated dunes. These two sites 

have only two common species: Glomus claroideum 
and Scutellospora nigra. This last one, was the most 
dominant in the two study sites, represent an 
occurrence frequency in the order of 80% (Fig. 8 and 
9). Those of Glomus intradices (mobile dunes) and 
Gigaspora margarita reached 5%. In the opposite, the 
occurrence frequencies of the other species did not 
exceed 2%. 

Dunes 

Sp. Number/ 
100 g of soil 
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Fig. 7: Some species of endomycorrhizal fungi isolated from the rhizosphere of  L. europaeum: spore of Glomus 
glomerulatum (A), Glomus sp1 (B), Acaulospora sp. (C); Gigaspora margarita (D); Diversispora spurca (E), 
Scutellospora nigra (F). 
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D C 

B A 



Touati  et al.   J. Appl. Biosci. 2013.     Mycorrhizal status of Lycium europaeum in the coastal dunes of 
Mehdia ,  Morocco 

5737 

 

 
Fig. 8:  Appearance Frequency of the endomycorrhizal species isolated from the rhizosphere of L. europaeum in the 
mobile dunes. Two results affected by the same letter were not significantly different at 5%. 
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Fig. 9: Appearance Frequency of the endomycorrhizal species isolated from the rhizosphere of L. europaeum in the 
solid dunes. Two results affected by the same letter were not significantly different at 5%. 
 
DISCUSSION AND CONCLUSION 
Lycium europaeum can be considered as a 
mycotrophic species. The presence of all the 
mycorrhizal structures confirms its symbiotic 
association. Roots arbuscular content was relatively 
greater than that of vesicles (the presence of 
arbuscules on roots indicates the functioning of 
mycorrhizae). Spore community analysis of the 
endomycorrhizal fungal that were found in the 
rhizosphere of L. europaeum showed that on average, 
the number did not exceed 75 and 50 spores / g of soil 
respectively in the mobile dunes and fixed dunes. 
Hatimi and Tahrouch (2007) reported that in the spring, 
in the coastal dunes of southern Morocco, the number 
varied between 69.50 and 98.50 spores / 100 g. These 
recorded values, were almost identical (24 and 36 
spores per 100 g soil under different plant species) to 
those reported by Ambouta et al. (2009) in dunes 

threatening silting basins in the department of Gouré 
(Niger). This spore’s density was lower than that 
observed by Stumer and Belli (1994) in a dune in a 
region of Brazil (298 spores / 100 g of soil).  
Fluctuations in the number of observed MVA spores 
are depending on the season, formation processes, 
germination and  degradation  of spores (Smith, 1987), 
drought conditions, in the subsequent case of root 
growth or senescence of the annual plants (Hayman, 
1970; Schenck et Kinloch, 1987). In all collected soils 
from the two dune sites, 29 types of MVA spores were 
isolated, with numerical dominance of spores belonging 
to the genus of Glomus. A preliminary identification, 
only based on morphological spores’ criteria, revealed 
the presence of five species belonging to six different 
genera: Paraglomus majewskii, Entrophospora 
schenckii, Scutellospora nigra, Glomus viscosum, G. 
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versiforme, G. mosseae, G. clarum, G. claroideum, G. 
intraradices, G. glomerulatum, G. etunicatum, G. 
ambisporum, Diversispora spurca, Gigaspora pellucida, 
and G. margarita. Diversification of host plants during 
trapping could allow the identification of other species. 
Other types of undetermined spores mainly belong to 
the genus of Glomus. This dominance has been 
reported by several authors in the coastal dunes 
(Nicolson et Schenck, 1979; Giovannetti et al., 1993; 
Bergen et Koske, 1984; Schenck et al., 1984; 
Ragupathy et al., 1998; Hatimi et Tahrouch, 2007).  
In the study area, Mehdia range is surrounded on the 
landside by a dense forest of Juniperus phoenicea that 
is extended through the forest of Mamora. The first belt 
is composed of pioneer species, of Eryngium 
maritimum, followed directly by the area of inter-tidal, 
which is devoid of vegetation. At the back, there is a 
belt of Ammophila arenaria with rhizomes and its lateral 
roots fixing the sand from different places (Atbib, 1983). 
After this formation, a composite Retama monosperma 
is developing and between these two last formations, 
numerous plantlets of L. europaeum are developing, 
demonstrating its role in the fixation of the mobile 
dunes. Indeed, the security of Sidi Boughaba reserve 
depends on the fixation of the mobile dunes sand. In 
the mobile dunes, we noted that the presence of L. 
europaeum, mycotrophic species, is more remarkable, 
some feet have a very important vertical and horizontal 
growth, thus favouring the installation of some plant 
species. Cornet and Diem (1982), Strullu (1991), Diop 

(1996), Duponnois et al., (2007) showed that 
mycorrhiza could be exploited in the restoration of 
degraded soils. Some very mycotrophic species settle 
early in the vegetation succession on degraded soil and 
promote subsequently the development of other plant 
species (Azcon-Aguilar et al., 2003) Mycorrhizal 
associations are heavily involved in plant succession in 
some soils poor on nutrients and on mycorrhizal spores 
(Duponnois et al., 2007). Sometimes, the first plant 
species that settle are those depending on the 
mycorrhizal symbiosis (Duponnois et al., 2007). The 
most mycotrophic species take over with a strong 
positive correlation between fungal and plant 
biodiversities (Reeves et al., 1979; Janos, 1980; Van 
Der Heijden et al., 1998, Hart et al., 2003).  
L. europaeum can be exploited in the stability of mobile 
dunes, it has a remarkable longitudinal and vertical 
growth and it allows the installation of other vegetation 
behind it.  Sidi Boughaba Reserve is threatened by the 
advance of sand, the phenomenon is increasing and 
the rate of rehabilitation is almost nonexistent in recent 
years. It should be noted that the success of mobile 
dunes fixation depends intimately on the sustainability 
of site protection against human and animal pressure. 
Setting defence and regular maintenance then become 
more than necessary. Indeed, under these conditions, 
L. europaeum that is already present in the site can 
grow easily in mobile dunes with other plant species 
that gradually settle. 

 
REFERENCES  
Aafi A., Achhal E. K. A., Benabid A. and Rouchdi M., 

2005. Richesse et diversité floristique de la 
subéraie de la Mamora (Maroc). Acta Botanica 
Malacitana, 30: 127-138. 

Al-Sodany Y.M., Shehata M. N. and Shaltout K. H., 
2003. Vegetation along an elevation gradient 
in Al-Jabal Al-Akhdar, Libya. Ecologia 
Mediterranea, 29(2): 125-138. 

Al-Sodany Y.M., 2003. Size structure and dynamics of 
the common shrubs in omayed biosphere 
reserve in the western mediterranean coast of 
Egypt. Ecologia Mediterranea, 29(1): 39-48. 

Ambouta K.J-M., Ibrahim D., Bara S., 2009. Statut 
mycorhizien de dix espèces ligneuses 
prélevées des dunes menaçant d’ensablement 
des cuvettes dans le département de Gouré 
(Niger). Geo-Eco-Trop., 33, NS: 107-114. 

Atbib M., 1983. Etude phytoécologique de la réserve 
biologique de Mehdia (littoral atlantique, 
Maroc- 2. La végétation du milieu dunaire. 
Bull. Inst. Sci., Rabat (7 Suppl.): 1- 112. 

Azcon-Aguilar C., Barea J.M., 1996. Arbuscular 
mycorrhizas and biological control of soil-
borne plant pathogens: An overview of the 
mechanisms involved. Mycorrhiza, 6: 457-464. 

Belaziz R., 2006. Etude de la flore et de la végétation 
du site d’Intérêt Biologique et Ecologique (S. I. 
B. E) du Marais de la palmeraie – Tensift – 
Marrakech. Diplôme des études supérieures 
approfondies, Université Cadi Ayyad, Maroc, 
80p.   

Bellakhdar J., 1978. Médecine traditionnelle et 
toxicologie ouest-sahariennes: Contribution à 



Touati  et al.   J. Appl. Biosci. 2013.     Mycorrhizal status of Lycium europaeum in the coastal dunes of 
Mehdia ,  Morocco 

5740 

 

l’étude de la pharmacopée marocaine. Ed. 
Techniques Nord-Africaines, Rabat, 357p. 

Bellakhdar J., 1997. La pharmacopée marocaine 
traditionnelle: médecine arabe ancienne et 
savoir populaires. Ibis Press, Paris, 760 p. 

Benrahmoune Z. and Dubruille C., 2003. Invitation à 
l’amour des plantes. Guide floristique illustré 
de la Reserve Biologique de Sidi Boughaba. 
Edition Acriptura, 319 p. 

Bergen M., & Koske R.E., 1984. Vesicular-arbuscular 
mycorrhizal fungi from sand dunes of cape 
cod, Massachusetts. Transactions of the 
British Mycological Society, 83: 157-158. 

Boullard B., 2001. Plantes médicinales du monde 
réalités et croyance. Paris Editions Estem, 
636p. 

Brundrett M.C., 2009. Mycorrhizal associations and 
other means of nutrition of vascular plants: 
understanding the global diversity of host 
plants by resolving conflicting information and 
developing reliable means of diagnosis. Plant 
and Soil, 320(1-2): 37-77. 

Chaussod R. and Nouaim R., 1996. Rôle des 
mycorhizes dans l'alimentation hydrique et 
minérale des plantes, notamment des ligneux 
de zones arides. Cahiers option 
méditerranéenne, 9-26.  

Cornet F. & Diem H.G., 1982. Etude comparative de 
l’efficacité des souches de Rhizobium d’Acacia 
isolées de sols du Sénégal et effet de la 
double symbiose Rhizobium-Glomus mosseae 
sur la croissance de Acacia holosericea et A. 
raddiana. Revue Bois et Forêts des Tropiques, 
198: 3-15. 

Derkowska E., Sas Paszt L., Sumorok B., Szwonek E. 
and  Głuszek S., 2008. The influence of 
mycorrhization andorganic mulches on 
mycorrhizal frequency in apple and strawberry 
roots. J. Fruit Ornam. Plantres, 16: 227-242. 

Diop T.A. Les mycorhizes á vésicules et arbuscules. J. 
Fac. Sci. (Dakar). 1996, B1 (2): 49-64. 

Duponnois R., Ba A.M., Prin Y., Baudoin E., Galiana A. 
et Dreyfus B., 2007. Les champignons 
mycorhiziens: une composante majeure dans 
les processus biologiques régissant la stabilité 
et la productivité des écosystèmes forestiers 
tropicaux. Le projet majeur africain de la 
Grande Muraille Verte, 421-440. 

http://horizon.documentation.ird.fr/exl-
doc/pleins_textes/divers11-06/010050330.pdf 

El Hamrouni A., 2001. Conservation des zones 
humides littorales et des écosystèmes côtiers 
du Cap-Bon. Rapport de diagnostic des sites, 
partie relative à la flore et à la végétation. Med 
Wet et Coast, République Tunisienne, 38p. 

Fennane M. & Ibn Tattou M., 1998. Catalogue des 
plantes vasculaires rares, menacées ou 
endémiques du Maroc. Bocconea 8: 1- 243. 

Gerdemann J.W. and Nicolson T.H., 1963. Spores of 
mycorrhizal endogone species extracted from 
soil by wet sieving and decanting. Trans. Br. 
Mycol. Soc., 46, 235. 

Giovannetti M. & Nicolson T.H, 1983. Vesicular 
arbuscular mycorrhiza in Italian sand dunes. 
Trans. Br. Mycol. Soc., 80(3): 552-556. 

Giovannetti M., Sbrana C., Avio L., Citernesi A.S., & 
Logi C., 1993. Differential hyphal 
morphogenesis in arbuscular mycorrhizal fungi 
during pre-infection stages. New Phytol., 125: 
587–593. 

Hatimi A. & Tahrouch S., 2007. Caractérisations 
chimique, botanique et microbiologique du sol 
des dunes littorales du Souss-Massa. 
Biomatec Echo., 2(5) : 85-97. 

Hayman D.S. 1970. Endogone spores numbers in soil 
and vesicular-arbuscular mycorrhiza in wheat 
as influenced by season and soil traitments. 
Trans.Br. Mycol. Soc., 54(1):53-63. 

Harley J.L. & Smith S.E. 1983. Mycorrhizal symbiosis. 
Academic Press, London, 482p. 

Hart M.M., Reader R.J. & Klinoromos J.N., 2003. Plant 
coexistence mediated by arbuscular 
mycorrhizal fungi. Trends in Ecology and 
Evolution, 18:418-423. 

Hegazi E.M., 1981. A study of the amount of some 
invertebrates that are eaten by wild birds in the 
Egyptian western desert. Journal of 
Agricultural Science, 96 (3): 497-501. 

Hmamouchi M., 1997. Plantes alimentaires, 
aromatiques, condimentaires, médicinales et 
toxiques au Maroc. Cahiers options 
méditerranéennes, 23: 89-108. 

Janos D., 1980. Vesicular-arbuscular mycorrhizal 
infection in an Amazonian rainforest. Acta 
Amazonica, 10:  527-533. 

Kormanik P.P. and McGraw A.C., 1982. Quantification 
of vesicular-arbuscular mycorrhizae in plant 



Touati  et al.   J. Appl. Biosci. 2013.     Mycorrhizal status of Lycium europaeum in the coastal dunes of 
Mehdia ,  Morocco 

5741 

 

roots. In: methods and principles of 
mycorrhizal research, Sheed N.C. (ed.). 
American Phytopathological Society, St. Paul, 
pp: 37-45. 

Koske R.E. and Halvorson W.L., 1981. Ecological 
studies of vesicular- arbuscular mycorrhizae in 
a barriersand dune. Can.J. Bot., 59: 1413-
1422. 

Köske R.E. and Gemma J.N., 1989. A modified 
procedure for staining root to detect VAM. 
Mycological Research, 92: 486-505. 

Nassif F. and Tanji A., 2013. Gathered food plants in 
morocco: the long forgotten species in 
ethnobotanical research. Life Sciences 
Leaflets 3:17-54. 

Neffati M. and Akrimi N., 1996. Banque de gènes des 
plantes pastorales de la zone aride et 
désertique. Forêt méditelerranéenne, T. XVII, 
(4): 309-3013. 

Nicolson T.H. & Schenck N.C., 1979. Endogonaceous 
mycorrhizal endophytes in Florida. Mycologia, 
71, 1: 178-198. 

Philips J.M. et Hayman D.S., 1970. Improved 
procedures for clearing roots and staining 
parasitic and vesicular arbuscular mycorrhizal 
fungi for rapid assessment of infection. Trans. 
Brit. Mycol. Soc., 55:158-161. 

Plenchette C., 1982. Les endomycorhizes à vésicules 
et arbuscules (va): un potentiel à exploiter en 
agriculture. Phytoprotection, 63(2): 86-108. 

Plenchette C., 1991. Utilisation des mycorhizées en 
agriculture et horticulture. In Strullu D.G., 
Garbaye J., Perrin P., Plenchette C. (ed.), les 
mycorhizes des arbres et plantes cultivées, 
Paris, Lavoisier, 131-196. 

Plenchette C., Bois J-F., Duponnois R. and Cadet P., 
2000. La mycorhization (Glomus aggregatum) 
du mil (Pennisetum glaucum). Etudes et 
gestion des sols, NS, 7(4): 379-383. 

Plenchette C., Perrin R., and Duvert P., 1989. The 
concept of soil infectivity and a method for its 
determination as applied to endomycorrhizas. 
Can. J. Bot., 67: 112-115. 

Ragupathy S., Nagarjan G. & Mahadevan A., 1998. 
Mycorrhizae in coastal sand dunes of 

Tuticorin, Tamil Nadu. Jour. Envir. Biol., 19(3): 
281-284.  

Reeves F. B., Wagner D., Moorman T. & Kiel J., 
1979.The role of endomycorrhizae in 
revegetation practices in semi-aride west. 1-A 
Comparison of incidure of mycorrhizae in 
severely disturbed natural environments. 
Amer. J. Bot. 66: 6-13. 

Schenck N.C., Kinloch R.A., 1980. Incidence of 
mycorrhizal fungi on six field corps in 
monoculture on a newly cleared woodland site. 
Mycologia, 72: 445-456. 

Schenck N.C., Spain J.L., Sieverding E. & Howeler 
R.H., 1984. Several new and unreported 
vesicular-arbuscular mycorrhizal fungi 
(endogonaceae) from Colombia. Mycologia, 
76, 685-699 

Smith T.F., 1980. The effect of season and crop 
relation with abundance of spores of vesicular 
arbuscular (VA) mycorrhizal endophytes. Plant 
and Soil, 57: 475-479. 

Strullu, D.G. 1991. Les mycorhizes des arbres et 
plantes cultivées. Collection Tec. & Doc., 
Lavoisier, Paris. 

Stürmer S.L., Bellei M.M., 1994. Composition and 
seasonal variation of spore populations of 
arbuscular mycorrhizal fungi in dune soils on 
the island of Santa Catarina, Brazil. Can. J. 
Bot., 72: 359-363. 

Van der Heijden M.G.A., Kliromos J.N., Ursic M., 
Moutoglis P., Straitwolf-Engel R., Boller T., A. 
Wiemken A. & Sanders I.R., 1998. Mycorrhizal 
fungal diversity determines plant biodiversity, 
ecosystem variability and 
productivity. Nature, 396:69-72. 

Valdés B., Rejdali M., Achhal El kadmiri A, Jury S.L. & 
Montserrat J.M., 2002. Catalogue annoté des 
plantes vasculaires du nord du Maroc, incluant 
des clés de d’idnetification. Consejo superior 
de investigaciones cientificas, Madrid,  
Biblioteca de Ciencias, 2 volumes. 1007p. 

Walker C., & Mize C.W., 1982. Population of 
endogonaceous fungi at two locations in 
central Iowa. Can. J. Bot., 60: 2518-2529. 

 
 
 
 


