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A field survey was conducted to investigate the importance of saline soil factors on the oc-
currence of arbuscular mycorrhizal (AM) fungi in three localities (Baltim, New Damietta
and Gamasa). Out of the 45 species of native and cultivated plants collected from three sites,
36 species including all agronomic were infected with arbuscular mycorrhizal fungi. How-
ever, few plant species belonging to the families Chenopodiaceae, Cruciferae and Cypera-
ceae were found to be non-mycorrhizal. In general, soil pH and CaCO3 content have no di-
rect effect on the number of mycorrhizal spores in the rhizosphere of all plants tested. A
positive correlation between densities of Glomales and the organic matter in the rhizo-
sphere of cultivated salt tolerant plants were observed. Generally, spore densities and sub-
sequent level of mycorrhizal infection were negatively correlated with the degree of salinity
in the soil. However, number of mycorrhizal spores in the rhizosphere of wild halophytes
were not significantly correlated to infectivity. Arbuscular mycorrhizal spores isolated
from the collected soils were identified as two genera, Glomus and Acaulospora. Spores be-
longing to the genus Glomus were abundant in this survey, many of these were identified as
Glomus mosseae and Glomus etunicatum. G. mosseae was the most frequent species reported in
the salt rhizosphere. Thus, the results suggest that soil salinity and organic matter might
play an important role in regulating the distribution of AM fungal communities in the sa-
line soil.

Key words: arbuscular mycorrhiza, edaphic factors, Glomales spores, halophytic plants,
mycorrhizal colonization, saline soils

INTRODUCTION

Arbuscular mycorrhizal (AM) fungi are the most widespread symbiotic
microorganisms associated with higher plants. Their ubiquitous distribution
is related to their capacity for active and passive dispersal by many vectors
(Hetrick 1984, Diop et al. 1994, Miller and Jackson 1998). In natural ecosystems,
the occurrence of AM fungi can be related to soil disturbance (Jasper et al. 1991,
Johnson-Green et al. 1995, McGonigle and Miller 2000), to agricultural prac-
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tices (Black and Tinker 1979, Singh and Tiagi 1989), to chemical properties of
the soil (Johnson et al. 1992, Mankarios and Abdel-Fattah 1994), to the seasons
(Hayman 1970, Diop et al. 1994) and to the activities of other microorganisms
(Azcon-Aguilar and Barea 1985).

In Egypt, AM fungi are known to colonize a wide range of natural and
cultivated plants (Ishac et al. 1986, Agwa 1990, Mankarios and Abdel-Fattah
1994). Little is known about the ecology of AM fungi in saline habitats. Most
studies have concentrated on the effects of inoculation with arbuscular
mycorrhizal fungi on the growth of plants in saline soil, and information on
the effects of salinity on growth of the fungi is scarce and is often circumstan-
tial (Levy et al. 1983, Juniper and Abbott 1993, Mankarios et al. 1995, Bhaskaran
and Selvaraj 1997). There is clear evidence that germination of spores and sub-
sequent hyphal growth of some endomycorrhizal fungi are reduced by in-
creasing salt concentration (Ho 1987, Copeman et al. 1996).

The interaction of AM fungi with salts such as NaCl is not well under-
stood. However, AM colonization of native halophytic vegetation growing in
saline environments has been observed (Khan 1974, Pond et al. 1984, Kim and
Weber 1985, Pfeiffer and Bloss 1988, Agwa 1990, Juniper and Abbott 1993,
Mankarios and Abdel-Fattah 1994, Bhaskaran and Selvaraj 1997). Reports of
AM fungi in salt marsh plants are rather conflicting (Mohan Kumar and Maha-
devan 1986, Sengupta and Chaudhuri 1990, Cooke et al. 1993). AM fungi have
increased and suppressed herbaceous plant growth in saline conditions com-
pared with non-mycorrhizal control (Hirrel and Gerdemann 1980, Poss et al.
1985). These differential effects might be due to the origin of the AM fungi
since mycorrhizal fungi adapt to edaphic conditions (Copeman et al. 1996).

AM colonization has been reported to increase plant growth under saline
conditions by overcoming the detrimental growth effects of NaCl (Rinaldelli
and Mancuso 1998). This may be due to increased uptake of phosphorus lead-
ing to increased growth and subsequent dilution of toxic ion effects, to an
ameliorative effect of mycorrhizas on water stress of plants (Pond et al. 1984).

In this study, we present an ecological survey of AM fungi in three saline
areas of deltaic Mediterranean coastal land. The study intended to quantita-
tively assess AM fungi associated within plant roots, physicochemical proper-
ties of the soil, counting and identification of dominant AM spores in the
rhizosphere soil.
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MATERIAL AND METHODS

Sampling procedures

Forty-five rhizosphere soils and root samples of wild halophytes and cul-
tivated salt tolerant plant (at least three replicates for each plant species) were
collected from saline localities (Baltim, New Damietta and Gamasa) (Fig. 1).
Soil sampling for each plant species was carried out at three different times
during the flowering stages to give 415 soil specimens. Soil samples were
taken by core (2.2 cm diameter × 15 cm deep) from the center of each replicate,
then placed in presterilised bags, labelled in the field, transported to the labo-
ratory and stored at 4 °C until they were processed. Root system from each
species, freed from adhering soil, was carefully removed and immediately
fixed in FAA (formalin-acetic acid-alcohol, 90 : 5 : 5 v/v). A representative of
each wild plant species was pressed, dried, identified and deposited in the
Botany Department Herbarium, Mansoura University, Egypt.

Soil characteristics

Soil texture analysis was carried out using the sieving method (Ball 1986).
Total organic matter was determined according to Jackson (1960). The soil pH
was determined in water by electric pH meter model WHPYE M29 (USA). To-
tal soluble salt was measured using a conductivity meter (Type D-K-102
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Radelkis) according to the procedure of Jackson (1962). The concentrations of
Na, K and Ca in soil extracts were estimated by a Perkin Elmer (Germany)
flame photometer (model 2100) (Allen et al. 1974).

Extraction and estimation of mycorrhizal spores

From each rhizosphere soil sample, spores were extracted from 100 g of
wet-soil using a modification technique of Gerdemann and Nicolson (1963).
We used a smaller mesh (25 µm) instead of that recommended by Gerdemann
and Nicolson (50 µm) to minimise loss of the smallest spore. This process was
repeated twice again to retain most of the spores in the rhizosphere soil. In or-
der to remove colloidal large pieces of soil organic material, the debris re-
tained on the sieve was either thoroughly washed under a steam of water or
resuspended and decanted again through the sieve. The spore suspension and
small amounts of the remaining organic matter were blended and subjected to
20%, 40% and 60% sucrose density gradient centrifugation (Daniels and Skip-
per 1982) to separate spores from heavy organic matter. The supernatant (with
spores) were pour onto a 25-mesh sieve and rinsed with water to remove the
sugar. Collected spores were spread onto a gridded membrane filter and then
examined using a dissecting microscope (WILD M8, Switzerland) to deter-
mine the quantity of spores present in each rhizosphere according to the tech-
nique of Mckenney and Lindsey (1987). Soil samples were oven-dried at
105–110 °C to determine moisture content and then spore numbers per 100 g
dry weight soil were then calculated.

Staining and estimation of mycorrhizal root infection

Fixed roots in FAA were rinsed repeatedly in tap water, cut into small
segments (0.8±0.3 cm) and cleared at appr. 90 °C in 10% KOH for 1 h; darker
roots were bathed in alkaline hydrogen peroxide for 20 min (Kormanik and
McGraw 1982). Thereafter, the roots were washed with tap water and stained
with trypan blue (SIGMA) in lactophenol (Phillips and Hayman 1970). Fifty
randomly selected stained root pieces of each species were mounted on slides
in lactoglycerol and examined microscopically (Leitz Wetzlar, Germany) for
estimation of the mycorrhizal root colonization (Trouvelot et al. 1986). Fungal
hyphae, vesicles and arbuscules were recorded.

Trap pot cultures of mycorrhizal fungi

Mixture of the infected plant roots and rhizosphere soil from each loca-
tion were used as inocula for the preliminary trap cultures with autoclaved
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sand (1 : 1 v/v) as the substrate and Linum usitatissimum L. as a host plant.
Plants were grown in a glasshouse (26 °C day / 18 °C night) under natural light
conditions. The soil surface of each pot was covered with gravel to reduce air
borne contamination and the plants were watered with tap water to maintain
soil moisture. After four months (life period) of plant growth, spores were iso-
lated from the culture soils and used for identification or reinoculation to the
host plant to get pure spores for each arbuscular mycorrhizal species.

Spore isolation and identification

Fungal spores were recovered from soil by wet sieving and sucrose gradi-
ent centrifugation (Daniels and Skipper 1982). Identification of AM species
was based on spore colour, size, surface ornamentation, and wall structure us-
ing mostly reference cultures or slides from the International Collection of Ve-
sicular and Arbuscular Mycorrhizal Fungi, INVAM (Morton et al. 1993), and
species descriptions (Schenck and Perez 1990). Colour of whole spores was
characterised using a printed chart (available from INVAM, West Virginia
University, USA). Spores were mounted in polyvinyl-alcohol-lactic-acid-
glycerol (PVLG) mounting medium (Koske and Tiessier 1983), or PVLG mixed
with Melzer’s reagent (1 : 1 v/v) to make permanent slides. Slides were exam-
ined using a compound microscope (100–1000×). Voucher specimens of each
of the identified fungal species were retained and deposited in the Plant Pa-
thology Herbarium, Mansoura University, Egypt.

Correlation coefficients between total number of spores and some physi-
cochemical properties of the soil were calculated by using SAS (Statistical
Analysis System).

RESULTS AND DISCUSSION

Survey of AM fungi in Egyptian saline affected soils

Table 1 lists the pioneer salt marsh species of wild and cultivated plants
examined, sites of collection, mycorrhizal status, percentage of root coloniza-
tion and spore densities of each rhizosphere soil. Most plant families exam-
ined in this study were reported to be mycorrhizal. Of the 45 plant species ex-
amined, 36 had mycorrhizal infection and 9 plants were non-mycorrhizal.
Some cultivated plants were heavily infected with these fungi, e.g. Trifolium
alexandrinum, Vicia faba, Lactuca sativa and Allium porrum. Low levels of AM in-
fection were found in native halophytic plants, like Zygophyllum aegyptium,
Sporobolus spicatus, Tamarix nilotica and Inula crithmoides. These results are in
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agreement with various reports (Khan 1974, Pond et al. 1984, Mohan Kumar
and Mahadevan 1986, Sengupta and Chaudhuri 1990, Johnson-Green et al.
1995, Bhaskaran and Selvaraj 1997) who concluded that the occurrence of
mycorrhizas on halophytes were highly affected by soil salinity in saline envi-
ronments.

In our survey, a number of plant species that were found to be non-
mycorrhizal, are in agreement with previous literatures (Berch et al. 1988,
Mankarios and Abdel-Fattah 1994). These include Arthrocnemum macrosta-
chyum, Atriplex portulacoides and Suaeda vera (Chenopodiaceae), Cyperus laevi-
gatus (Cyperaceae), Cakile maritima (Cruciferae) and Inula crithmoides (Compo-
sitae). On the other hand, under natural saline conditions, few species of Che-
nopodiaceae and Compositae were colonized by AM fungi (Schwab et al. 1982,
Harley and Harley 1987). In this connection, Sengupta and Chaudhuri (1990)
and Bhaskaran and Selvaraj (1997) suggested that stress factors in the saline
habitat might have made the chenopodiaceous plants susceptible to coloniza-
tion by AM fungi.

Observations of stained root pieces taken from the infected plant species
showed the presence of typical vesicles and/or arbuscules in the root cortex.
Extent of colonization and characteristics of AM in the roots are given in Table 1.

In this study, total spore densities in the rhizosphere soil cultivated salt
tolerant plants were positively correlated (r = 0.581, 0.635 and 0.583 in Baltim,
Damietta and Gamasa sites, respectively) with the percentage of mycorrhizal
colonization (Table 3). However, these two parameters were not correlated in
the rhizosphere soil of wild halophytic plants. In this connection, number of
spores were absent or present in very low amounts in soils where non-mycor-
rhizal plants were found. Furthermore, we observed large variation in the per-
centage of colonization in some plants growing close to one another and col-
lected at the same time. These results are supported by Smith and Newton
(1986). This variation might be explained in a number of ways: it may result
from local variation in edaphic factors (Antibus and Lesica 1985, Johnson et al.
1992, Diop et al. 1994, McGonigle and Miller 2000), soil nutrients (Sparling and
Tinker 1975, Miller and Jackson 1998) or differences in plant genotype (John-
son-Green et al. 1995) and stage of development (Hayman et al. 1975, Copeman
et al. 1996, Bhaskaran and Selvaraj 1997).

Our results demonstrated that the formation of mycorrhizal fungi, partic-
ularly in wild halophytic plants, may either decreased or disappear by increas-
ing soil salinity (Table 2). Salt in the soil may have had a direct effect of the
mycorrhizal fungi (caused turgor loss and desiccation of fine hyphae) or it
may have reduced colonization indirectly via its deleterious effect on root
growth in surface soil (Poss et al. 1985). In contrast to our data, Hartmond et al.
(1987) reported that the formation of mycorrhizal colonization of citrus was
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not affected by increasing the level of salinity in the soil up to 0.15 mol l–1. More
research is needed which emphasises the growth and physiology of the fungal
symbiont in saline conditions.

Physicochemical properties of the studied saline soils and their spore density

Data concerning the physicochemical properties of the soil and the num-
ber of AM spores are listed in Table 2. All the soils collected during this study
were slightly alkaline. No significant correlations were found between the
number of spores and the level of soil pH (except in Damietta rhizosphere soil
of cultivated salt tolerant plants, r = 0.598, Table 3). Our findings did not sup-
port the results of Green et al. (1976) who concluded that the soil factors like
pH is a limiting agent in the distribution of AM spores. In the meantime,
Sheikh et al. (1975) reported that soil at pH 6.2 contains the greatest number of
AM spores and that the number decreases with an increase of pH.

The present investigation shows that spore densities of AM fungi in the
rhizosphere of cultivated plants were positively correlated with the organic
matter content (r = 0.862, 838 and 0.618 in Baltim, New Damietta and Gamasa
sites, respectively, Table 3). However, this relation was not present in the wild
halophytic plants. An increase in number of AM spores with increasing or-
ganic matter content has been documented by other investigators (Diop et al.
1994, Mankarios and Abdel-Fattah 1994). We suggested that the organic mat-
ter contains substances which stimulate the growth of both fungi and their
host, and also establishment of the symbiosis (Miller and Jackson 1998). In ad-
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Table 3
Correlation coefficient between spore densities in rhizosphere soils of wild halophyte
plants (WHP) and cultivated salt tolerant plants (CSTP), and each mycorrhizal root coloni-

zation (M%) and some edaphic properties of soil collected from three saline sites

Spore density M% Edaphic factors
Salinity pH O.M. CaCO3

Baltim
WHP 0.419* –0.675** 0.454 0.465** 0.498
CSTP 0.581* –0.509** 0.244 0.862** 0.192

Damietta
WHP 0.335* –0.980** 0.411 0.208** 0.446
CSTP 0.635* –0.595** *0.598* 0.838** 0.452

Gamasa
WHP 0.368* –0.936** 0.275 0.324** 0.250
CSTP 0.583* –0.588** 0.492 0.618** 0.366

* and ** significant at p = 0.05% and p = 0.01%, respectively



dition, organic matter may play an important role in providing the substrate
for limited saprophytic existence of AM fungi (Brechelt 1990).

During this study, soil salinity appeared to be a limiting factor on the oc-
currence of AM spores in the rhizosphere soils (Table 3). In this connection,
spore densities of mycorrhizal fungi in rhizosphere soil of plant species, par-
ticularly in wild halophytes, were negatively correlated (at p = 0.01) with the
degree of soil salinity. These observations are in good agreement with other in-
vestigators (Estaun 1990, Juniper and Abbott 1993) who reported that the rate
of germination of spores of mycorrhizal fungi in soil reduced with increasing
concentration of NaCl in the soil solution up to 0.14 mol l–1. Furthermore, NaCl
in the growth medium may induce changes not only in the hyphal length but
also in other morphological properties of hyphae (Hirrel 1981). Moreover, Ju-
niper and Abbott (1993) suggested that the primary effect of salinity on spore
germination and their hyphae is likely due to osmotic forces rather than the
toxicity of sodium or chloride ions. More work is needed to investigate the ef-
fects of salinity on different stages of germination and to compare the sensitiv-
ities of different species and isolates of fungi to salt stress.

Morphological characteristics and identification of AM species
isolated from Egyptian saline soils

The isolated and identified AM fungal spores found in saline soils are
listed in Table 4 and illustrated in Figures 2–5. Spores were identified as:
Glomus mosseae (Nicolson et Gerdemann) Gerdemann et Trappe (Figs 2, 3),
Glomus etunicatum Becker et Gerdemann (Fig. 4) and Acaulospora sp. (Fig. 5). G.
mosseae was the most frequent species reported in the rhizosphere soil samples
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Table 4
Average means of physicochemical nature of rhizosphere soil, percentage of infection and

associated mycorrhizal fungi identified from three sites of Egyptian affected soils

Parameters Locality
Saline area
of Baltim

Saline area of
New Damietta

Saline area
of Gamasa

pH (H2O) 8.01 7.81 7.71
E. C. (µmhos) 2081 1248 1596
Extractable cations (mg/100 g soil) Ca++ 471 360 384

Na+ 965 752 820
K+ 223 169 198

Intensity of mycorrhizal infection (%) 40.1 28.3 24.5
Mycorrhizal fungi Glomus

mosseae, G.
etunicatum

Glomus mosseae
G. etunicatum,
Acaulospora sp.

Glomus
mosseae



during this survey. Next was G. etunicatum and insignificant numbers of
spores of Acaulospora.

Physicochemical properties of soil samples from three saline locations in
Egypt indicated that all the soils examined were slightly alkaline (pH 7.30 to
8.43), with high soluble salinity (1263 to 2081 µmhos) and mycorrhizal infec-
tion ranged from 24 to 40% (Table 4). The effect of edaphic factors like pH and
CaCO3 on the distribution of AM fungi and abundance of particular species
was difficult to explain (Walker et al. 1982). During our investigations no rela-
tion was observed between soil pH and the abundance of G. mosseae. However,
the mycelia of G. mosseae prefer alkaline soil (Khaliel 1989), whereas G. fasci-
culatum (Thaxter sensu Gerdemann) Gerdemann et Trappe prefers acidic soils
(Hayman 1983). The predominance of G. mosseae in the saline areas supports
the observation of Khan (1974) who recorded this fungus in the rhizosphere
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2 3

54

Figs 2–5. A crushed spore of Glomus mosseae mounted in Melzer’s reagent. 2 = Note the outer
sloughing layer (arrow) stained red, bar = 50 µm; 3 = showing globose (left) and elliptical
(right) spores. Note the thickness of the laminate layer of the wall (straight arrows), an open
pore (arrowhead) and the characteristic funnel shaped subtending hypha (recurved arrow),
bar = 50 µm; 4 = showing occluded hyphal attachment by the spore wall. Note the hyaline
cylindrical hyphal attachment (arrow), bar = 50 µm; 5 = A crushed spore of Acaulospora sp.
mounted in Melzer’s reagent. The outer wall (short arrow) does not stained, but the inner

wall stained dark red-purple (long arrow), bar = 50 µm



soil of halophytic plants in California. These results concluded that soil salin-
ity and organic matter content (rather than other estimated soil factors) play an
important role in the occurrence of AM fungi in saline environments. In a fu-
ture study, we will attempt to determine whether the occurrence of AM fungal
spores and their colonization in halophytic plants can be directly related to one
or more of physicochemical properties of soil, plant genotype, stage of plant
development and proximity to other plant species.
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