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ABSTRACT

The objective of this work was to study the mydpattstatus of Eryngium maritimum in the mob
dunes of Mehdia coastal area depending on the dipthl reached by the roots. The obtained
results showed that all the roots were mycorrhiadifferent fungal structures were observgd
(arbuscules, vesicles, hyphae, spores and endaphytiowever, the identified mycorrhiz
parameters varied from the surface to the depttchied by the roots. The mycorrhizal frequenty
reached 88% by the depth. The highest mycorrhigehsity (26.4%) was recorded at a depth|jof
53.05 to 73.05 cm. The highest arbuscular contéf2s72%) and vesicular content (11.80%) were
recorded respectively at depths of 53.05 to 73d5aad 33.05 to 53.05 cm. The spores density in
the rhizosphere of E. maritimum varied betweenol®0t spores / 100 g of soil. Similarly, 19 sporé's
morphotypes were isolated from five different gané&sigaspora, Acaulospora, Entrophosporg,
Scutellospora and Glomus.

Among these morphotypes, ten species of endomizadrfingi were determined: Glomus badium,
Glomus aggregatum, Glomus multiforum, Gigaspora Gppmus invermaiumGlomus geosporum
Glomus glomerulatum, Glomus albidu@lomusenticatum Scutellospora verrucosa, Scutellospafa
calospora, Scutellospora heterogama, Acaulospordaussica, Entrophospora infrequens.
Mycorrhization of E.maritimum roots in depth, withevelopment of exchange structures
(arbuscular) probably facilitated the installatioof this species, which grows well in the mohjle
dunes.
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INTRODUCTION
The Eryngiumgenus, Umbelliferae family, includes more than 8p@cies distributed in temperate and
warm areas of both hemispheres, with the excemticouthern and tropical Africa According to the
characters of plants and pollens, Cerceau-Larfiggfined within that genus three series: the Anaeric
series, the Eurasian series, includihgnaritimum and the intermediate series.
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In Morocco,E. maritimunmwas cited at the embryonic dunes of Mordcéd The dunes are characterized

by mobility of the soil, wind and drought in therbla environment characterized by sandy and moving
substrate, lack of soil in the pedological meaniangalted humidification and strafing by sand g4imo
adapt to these conditions, some plants grow sugedrflibrous root system to collect rainwater, but
others, develop deep roots to absorb water, cage afaritimum This species also presents a major
environmental interest as it contributes to themegiance of sand dunes.

The role of microflora in the dune dynamics is km&%’. Endomycorrhizal fungi form symbiotic
associations with many plant species growing onitimar soil$***?but their behavior is a function of
the dune system. Distribution, for example, of engcorrhizae in the sand dunes is depending on the
plant species, the dunes stability degree, the atraforganic matter and microbiological activity

The aim of this investigation was to determine thgcorrhizal status oEryngium maritimum plant
species developing in the mobile dunes. Indedtk litformations are known about mycorrhizae o thi
species. Andersoh has studied only seasonal variations in the mizat intensity and frequency of
infection in roots ofE. maritimum In this study, the considered parameters, depgndn the depth
reached by the roots, are the mycorrhizal frequenay intensity, the arbuscular and vesicular cdnten
and diversity of spores.

MATERIALS AND METHODS
1. Site selection
The studied area, coastal dunes of Mehdia is |dc@t&5 km from Rabat and 13 km from Kenitra. This
part of the Atlantic coast also includes in Sidugbaba reserve a lake of 6 km a long and 100-3%8rme
a wide, it presents a depression which separaes#wd dunes, mobile in the west and consolidated i
the east. The sand of mobile dunes is directlchéd to the beach of Mehdia.
In this study, soil samples were collected from it@otbunes of the littoral zone of Mehdia.
2. Root Mycorrhization
Two plants ofE.maritimum were randomly selected from mobile dunes of Mahmhastal zone. The
length of the roots of each plant was measuretirgjadrom the onset of the finest roots. The sit¢he
root indicates its depth at the sand.
After the roots were cut from the top to the bottimo fragments of 20 cm. Each fragment refers to a
given depth. Roots were first washed with wateg; fthest roots were then cut into a length of 2 twm
then immersed in a solution of 10% KOH (Potassiydrbxide) and placed in the water bath at 90 °C for
one hour to eliminate cytoplasmic contents. Atehd of this period, roots were rinsed and transéteim
a solution of HO, (Hydrogen peroxide) for 15 min at 90°C in the wdtath until the roots became white.
Roots were then rinsed, after this; they were dyld Cresyl blue at 90°C for 15 min.
The evaluation of mycorrhizal parameters was peréat by observing thirty root fragments with 1 cm
length, randomly selected to quantify mycorrhiZBleese fragments were mounted, in groups of 10 to 15
segments, in glycerine between slide and coveFslipe slides were examined under a microscope, each
fragment being thoroughly checked over its entirggth, at magnifications of 100 X and 400 X.
Vesicular and arbuscular frequencies and conterth@fendomycorrhizal fungi inside the roots were
measured assigning a mycorrhization index rangiom 0 to 5*:
0 :absent; 1:traces; 2 : less than 10% r@mfll to 50% ; 4 : from 51 to 90% ; 5 : more t4M%.

Mycorrhizal Frequency:
F% = 100 (N-No)/N
N: number of the observed fragments and No: nurobeon-mycorrhized fragments.
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Mycorrhizal intensity:

(M%) =(95n5+70n4+30n3+5n2+nl)/N

Where,

n = number of fragments assigned with the indek @, 3, 4 or 5.

Arbuscular content (A %)

A% = (100 mA3 + 50 mA2 + 10 mA1) / 100

Where,

MA3, MA2, MA1 are the percentages (%) respectivasgigned to the notes A3, A2, Al, with, MA3 =
(95n5 A3 +70n4 A3 +30n3 A3 +5n2 A3 + n1Ad./

The same for Al and A2, n5A3 represents the nurmbiagments marked 5 with A3; n4A3 marked the
number of fragments 4 with A3; etc...

AO: no arbuscules, Al: some arbuscules 10%, A2:araidly abundant arbuscular 50%, A3: very
abundant arbuscular: 100%.

Vesicular content (V %)

(V %) = (100 mV3 + 50 mV2 + 10 mVv1) / 100

Where,

MV3, MV2, MV1 are the percentages (%) respectivabgigned 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 numbagments marked 5 with V3; n4V3 marked the
number of fragments 4 with V3; VO: no vesicles; \débme vesicles 10% V2: 50% moderately abundant
vesicles; V3 abundant vesicles: 100%.

3. Spores extraction

The spores were extracted by the method of wetrgj€V In a beaker of 1L, 100g of each composite soil
sample was submerged in 0.5 L of tap water and stirred with a spatula for 1 minute.

After 10 to 30 seconds of settling, the supernateas passed through four superimposed sieves with
decreasing meshes (500, 200, 80 and 50 Mm). Trasatipn was repeated two times. The selected
content by the screen 200, 80 and 50 microns wadedi into two tubes and centrifuged for 4 min at
9000 RPM. The supernatant was discarded and asitggradient was created by adding 20 mL of a of
40% sucrose in each centrifuge ttth&@he mixture was quickly stirred and the tube Wasded back into
the centrifuge for 1 min at 9000 RPM. Unlike thesfficentrifugation process, the supernatant wasegou
into the sieve mesh of 50 microns; the substraterimsed with distilled water to remove the sucyasel
then disinfected with an antibiotic solution (stpycin). The spores were then recovered with Ididti
water in an Erlenmeyer flask.

Estimation of spore’s number in the soil was magedunting the spores contained in one mL of the
supernatant and by extrapolation on the total velufh00 mL).If no spores are observed, all the
supernatant is reduced to one ml and observed.again

The spore’s characteristics (color, shape, sizenantber of separation membranes ...) are highlighye
mounting between slide and cover slip 0.1 mL ofdghgernatant.

A preliminary identification of the spores generaswerformed based on the criteria proposed byaeve
author$1418:25:3839474859 1 the available information in different datsdm

RESULTS
Microscopic observations have shown that the robEs maritimumwere colonized by endomycorrhizal
fungi. Indeed, various endomycorrhizal structuresenobserved: arbuscular, vesicles often with waryi
shapes (oval, round, rectangular,...), externalimtiednal hyphae and endophytes:
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Fig. 1: Roots ofE.maritimum presenting arbuscular mycorrhizal fungi (a); exterral hyphae (eh) anc
spores (s); vesicles (v) and entophytes (en). (M480

The roots mycorrhizal frequenciesE. maritimumidentified based on deptlvels reached by the roc
are almost identical (88%) but decrease (about9#4)4t 13.05 to 33.05 cm de¢These intensities reach
22.18% and 26.4% respectively at depths of 33.@3t05 cm, and 53.05 to 73.05

Roots arbuscular content Bf maritimumincreases with the root’s depths. It east of 6. to a depth of
13.05 to 33.05 cm and 22.72% to 53.05 at 73.05rcoontrast, the vesicular content decreases imhg
until it reached 2.36%.
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Fig. 2: Mycorrhizal parameters based on different épths reached by the plant roots. M: Mycorrhizal
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Preliminary identifications showed that spores emtered in the rhizosphere &.maritimum roots
belong to five generasigaspora(Gigasporasp.) AcaulosporgAcaulosporecolaussicd, Entrophospora
(Entrophospora infrequeis Scutellospora (Scutellospora verrucosa, Scutellospora calospora,
Scutellospora heterogamaand Glomus (Glomus badium, Glomus aggregatum, Glomus multiforum
Glomus invermaiugGlomus geosporum, Glomus glomerulatum, Glomus abjGlomus enticatugh

%

Fig. 3: Endomycorrhizal species isolated from thehizosphere ofE.maritimum: Spore of Glomus badium (A),
Scutellospora calospora (B), Glomus aggretatum (C), Glomus geosporum (D), Glomus glomerulatum (E),
Entrophospora infrequens (F), Gigaspora sp. (1), Glomus enticatum (G), Scutellospora verrucosa (K),
Acaulospora colaussica (L), Glomus albidum (M), Glomus multiforum (N) (x400).
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DISCUSSION AND CONCLUSION
The coastal dune habitats are relatively poor itrients, grown plant species have strategies fer th
conservation of nutrients and water as well as tadaps favoring the absorption of nutrients,
mycorrhizal symbiosis is one of th&Dune vegetation contributes to the formation stabilization of
sand dune&
E. maritimum is a mycotrophic mobile dune plant species. Qleskmycorrhizal structures in the roots
(vesicles arbuscules internal and external hyphkegyly confirm this symbiotic association. The tgo
mycorrhizal frequencies and intensities Eaf maritimumvary with depth levels reached by the roots.
Mycorrhizal frequency is about 77.49% at 13.053d03 cm. Mycorhization intensity is 26.4% at depths
of 53.05 to 73.05 cm.
According to Anderson the mycorrhizal intensities and frequencies remalatively high inE.
maritimumroots throughout the growing season and are nbatenéed by local environmental factors.
However, mycorrhizal intensity decreases during ienth of August and increased significantly in
September. Andersbmeported a linear negative correlation betweenlehages chlorophyll content and
roots mycorrhizal intensity.
The arbuscular content is very variable; it is acfion of the depth reached by the roots. Indeextenthe
roots of E. maritimumpenetrate deeply, more the arbuscular conteneases. The highest arbuscular
content was recorded at a depth of 53.05 to 7305l contrast, the vesicular content decreasds wit
increasing depth, it is relatively lower than artular one. The highest vesicular content was natede
depth of 13.05 to 33.05 cm, which indicate thatetie a storing of resourc8s
Arbuscules are considered as the preferred siteitoent exchange between symbionts. The vesitées a
are present, and the internal and external hyphathé roots reflect the presence of a very active
mycorrhizal symbiosi§ in the mobile dunes. According to Brander@ftthe vesicles are swellings of
hyphae that act as storage organs and allow acatiorubf AM fungi lipid. The presence of sporocarps
and spores oE. maritimumextra-roots hyphae also reflect the abundancegztnic carbon in study site,
which facilitates the reproduction of endomycoras2
The number of the isolated spores in Ehenaritimumrhizosphere varied from 10 to 20 spores / 100 g of
soil. Conducted studies in the same areaymium europaeurshowed that the number of spores is 75 to
50 spores / 100 g of soil respectively in the nwhiunes and consolidated durfsHatimi and
Tahrouc° reported in the coastal dunes of southern Moroaamymber of 42 spores / 100 g soil. This
number is nearly identical to that reported by Amiabin the dunes of Gouré Department (Niger).
Striimer and Beflf reported 298 spores / 100 g of soil in the duri@razil.
Based on the morphological criteria of spores, $pacies belonging to five different genera were
identified: Glomus badium, G. aggregatum, G. multiforum, G.eimaium G. geosporum, G.
glomerulatum, G. albidumG.enticatum, Scutellospora verrucosa, S. calospdBa, heterogama,
Acaulospora colaussica, Entrophospora infrequenSigasporasp. The dominance of the gen@omus
was also demonstrated in Morocco in the rhizospbétge olive tre®* the oleaster’, date paln?™*’,
Carob tre& ™ poplar®, Juncu¥ andLycium europaeuri Glomusis well adapted to African soffs™
particularly in semi-arid areas of Sené§aind Burkina Fasd in. rainforest of Cameroéhor South
Africa®®, the southwest of Ethiogia®, African dry mountain forests of EthiopiaAlthough there are
very few studies on the diversity of Glomales patiohs in Africa, particularly in West Afriéa
This domination of species of the gerBlmuswas also reported in several studies conductéghtim
America'*?***%%n arid and semi-arid northern Jordaand coastal dunés 2°42454°
Various authors have linked the dominatiorGddmuswith its ability to produce more spores in a sbort
time than other genera such @gasporaand Scutellosporaand also for its ability to adapt to drought
and to soil salinity?,
The intertidal zone, devoid zone of vegetationlofeéd toward the interior with a zone composed of
pioneer species, caseBf maritimum The roots of this plant species tend to devetogeipth to partially
fix the sand and mycorrhizal roots deep well to facilitate thisvelopmentE. maritimumis itself
followed by a belt oAmmophilia arenariaandLycium europaeunBoth species are also a mobile dunes
mycotrophic specié%
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