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ABSTRACT

The natural vegetation along the Medi-
terranean coast of Sinai were sampled for myco-
rrhizal associations. Thirty-six of fifty-three
species examined were colonized by vesicular-
arbuscular (VA) mycorrhizal fungi. Soil sievings
revealed chlamydospores of seven YA mycorrhizal
Glomus spp.; G. microcarpum , G, fasciculatun,
G.macrocarpum , G. mosseae, G. epigaeum, G.
intraradices, and G. geosporum. At the time of
sampling, the populations of VA fungal spores
in the soil were low, with one to ten chlamy-
dospores per 100 g soil sample. After invasion
of the host cell (Melilotus indica) by VAM fungi
(Glomus mosseae), a granulation occur at the
penetration point of the cell wall. This is
associated with the formation of a dense thicken-
ing or papilla on the inner cell wall.

INTRODUCTION

Vesicular-arbusscular (VA) mycorrhizal associations

occur in most families of angiosperms and gymnosperms,
and in many pteridophytes and bryophytes [10,27]. VA myco-

rrhizae have been shown to benefit the host plant by increas-
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ing nutrient absorption [14,25] and by reducing internal
resistance to water flow and water uptake [33,34]. The -
importance of VA mycorrhizal associations to agricultural
and forest crops has been well documented, but associa-
tions in arid zone and wildland vegetation have received
little attention (15,32,35,37,42). VA mycorrhizae may be
advantageous to mycorrhizal desert plants where phosphorus
exists as particularly insoluble calcium phosphate and
diffusion of the ions in the soil is decreased by the low
s0il moisture [30]. Mycorrhizae are an important considera-
tion in minimizing rangeland and arid-land productivity.
The understanding of mycorrhizal associations of semi-erid,
desert, and rangeland vegetation and the distribution of
mycorrhizal fungi in the soil is necessary for wise mana-
gement of these fragile habitats. Much of Egypt is arid

or semi-arid {2,21] and its soils generally have los levels

of nutrients, particularly phosphate {2,4,28].

O0f the few surveys of mycorrhizas of plants from arid
and semi-arid habitats [22,87,41] and natural communities
[15,16]. To extend the information on mycorrhizal associa-
tions in the field, plants from semi~arid habitats along

the Mediterranean coast of Sinai were examined for myco-

rrhizas.

MATERIALS AND METHODS

Description of the study area
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The study site chosen was a part of the eastern
mediterranean coastal region of Egypt (coastal region of
Sinai peninsula) Fig. 1. It extends for about 200 Km from
Port Said to Rafah with an average depth of about 40 Km
inland. A geomorphological description of the Mediterranean
coastal region of Sinai peninsula characterized by two types
of substrate predominate in this area, the sand and the
salty soils of the salt marshes. Coarse-textured stable
sand characterize the area in the west near the Suez Canal.
The finer grains of sand which are constantly removed by
wind accumulate in dunes of varying density, scattered .
throughout the sandy vndulating plain [5}. These dunes
move. in the direction of the prevailing winds. In the
coarse sand field where there is constant removal of sand

by wind, the dominant plant are Convolvulus lanatus Vahl

and Artemisia monosperma Del. The dominant plant of the

mobile sand is grass, Stipagrostis scoparia (Trin. et Rupr.)

De Winter, it grows only in sites that are continuously
being covered by new sand. The most vigorus vegetation
and the largest number of mesophytes are found near the
base of dunes. Halophytic vegetation dominates near the
Mediterranean coast and salt marshes up to 10 Km south
the coast. Seascnal fluctuation in the depth of the water
table and in salinity greatly. A typical salt marshes

have an area outer a belt of Zypophyllum album L.f., an

inner belt is dominated by Halocnemum strobilaceum
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(Pallas) M.Bieb.A zone near the center contains Juncus

arabicus (Asch. et Bich.) Adams plant.This species grows
at sites of moderate salinity [5].
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Fig. 1. Location of the study area.
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According to UNESCO7FAO [38] and El-Gabaly et al. £7]
the study area comprise three soil-type, Marchy Solonchaks,
Futric Rhegosols and Dinamic Ergosols. The area between
El-Arish ana Rafah at the east and the area at the west
near the Suez Canal, the soils are Eutric Rhegosols, the
area of the salt sand near the sea are Marchy Solonchaks,

in the entire area the Dinamic Ergosols are dominat (Fig.2).
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Fig. 2. The main locations of each edaphic type (Parent
raterial of soils).
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Climate

The desert of Sinai belong to the Arabian type [23]
it is characterize by arid to extremely arid climate with
a Mediterranean influence, the summers are hot and dry,
winter are cool, rain falls almost exclusively in winter,
precipitation and relative humidity are lower than in the
ad jacent Mediterranean region. In the study area, mean
temperature of 10° to 20°C in the coldest month and 20° to
30°C in the warmest month [8]. Mean annual rain in this
area ranges from 97 mm in the eastern part (El Arish region}
to 75 mm in the western part (Port Said region) [39].
Fog and dew are essential to many desert plants, especially
during the summer and on dry winter days, its accumulation
ranges from 26 to 36 mm with dew occuring on approximately
200 nights each year [18}. Seasonal and daily fluctuations
in climatic conditions are extremely variable as well as

harsh in the arid zones.

Sampling

Plant root and soil samples were collectéd from
different plant covers of the Mediterranean coastal region
of Sinai peninsula in Egypt. Roots and soil samples from
under three plants of each species were collected from
fourty stands 20 m x 20 m, distributed in the study area
to cover the whole climatic gradient and most of the physio-

graphic variations during the spring of 1987. Roots of
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perennial and annual plants were examined. Edaphic and
rhizospheric samples were taken from the habitats of 53
different plant species. Individual plant samples were
taken from stand where the particular plant was dominant.
Plant species were indentified according to Tdckholm {36]}.
Main roots were traced from the crown until the youngest
root were reached. Ten samples of thin roots were excised
from the main laterals of each plant. Soil (100-500 g)
was collected from the soil surface to a depth of 25 cm
around the lateral roots and included rhizosphere soil
wheq possible, air-dried, passed through 2 mm sieve, and
packed in paper bags ready for mycorrhizal and soil analy-
ses. Electric conductivity (EC) and soil reaction (pH)
were evaluted in 1-5 soil water extract using electric
conductivity-meter and a glass electrode pH-meter. Spil

texture analysis was carried out by the Bouyoucos hydro-

meter method.

To assess mycorrhizal fungal colonization, 10 fine
root segments, 1 cm in length, were excised from the lateral
root specimens, washed, cleared, and differentially stained
with 0.05 % trypan blue in lactic acid following the proced-
ure of [29]. When necessary, roots were stored in 50% ethyl
alcohol prior to clearing [9]. The segments were mounted
in clear lactic acid and examined for vesicles, arbuscules

and hyphae. A root segment was considered colonized when
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hyphae and one or more of these structures were observed.

Chlamydospores of VA mycorrhizal fungi were recovered
from 100 g soil subsamples from each collection site by wet
sieving and decanting [11] and identified by spore characte-
ristics [12,13]. Spore populations were calculated from 100 g
soil subsamples. Total counts from the sievings were made by

picking out spores under dissecting microscope illumination

at 20x magnification.

Mycorrhizas were grouped as follows. 1
Vesicular-arbuscular mycorrhizas (VAM): characterized by
the presence of arbuscules in cortical cells of the root.
The arbuscules are connected to each other and the soil

by aseptate hyphae. Vesicles may be present.

Vesicular associations (V): characrverized by the presencoe
in the root of intercellular vesicles that are attached hy

aseptate hyphae to the soil. There are no arbuscules present,

Colling VAM (Codil VAM): VAM which aisoe bave tightly formed
coils of hyphae in the eprdermal and,/or cortical cells of

the root. Arbuscules and vesicles may appear malformed.

Nil: no mycorrhizal inlection observed.
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RESULTS AND DISCUSSION

Samples were taken from 40 sites and 53 different

plant species (23 families, 49 genera) and soil EC ranged

from 135 mmho/cm in the soil beneath Pancratium maritimum

I.. and Stipagrostis scoparia (Trin. et Rupr.) De. Winter

to a low of 13 mmho/cm in the soil beneath Silene succulenta

Forssk. No attempt was made to correlate plant species with
soil EC. Few of the soils were highly sodic, as indicated
by Na concentrations in the saturation extract, with a
high of 261.0 mg/100 g from the soil beneath Frankenia
revoluta Forssk to a low of 7.5 mg/100 g from the soil

beneath Pancratium sickenbergeri Asch. et Schweinf ex Boiss.

The soil pH was alkaline in all samples except the soil

beneath Stipagrostis scoparia {(Trin. et Rupr.) De. Winter;

Pancratium maritimum L.; and Silene succulenta Forssk were

slightly .acidic (6.96). The soil was sandy in all samples.

Thirty-six species (16 families, 34 genera) were VA
mycorrhizal with vesicles or arbuscules and intracellular
hyphae in the root cortical cells (Table 1). The cortical
cell vesicles were spherical or ellipsoid, 25-65 x 20-35 um
(Figs. 3&4). Chlamydospores were extracted from the soil in
very low numbers (average one to ten spores/100 g soil)
(Fig. 5). Chlamydospores of VA fungal species were of the

genus Glomus of the Endogonaceae [12,13,40]: G. microcarpum

Tul.& Tul.; G. fasciculatum (Thaxter sensu Gerd.) Gerd,&
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Trappe; G. macrocarpum Tul.& Tul.; G. epigaeum Daniels &
Trappe; G. mosseae (Nicol. & Gerd.) Gerd. & Trappe; G.
intraradices Schenck & Smith; and G. geosporum (Nicol. &

Gerd.) Walker. This is the first report of G. geosporum

from desert environment.

Plants in which vesicular associations were observed
all belong te groups previously believed to be free of
mycorrhizas. A vesicle was observed in the cluster root

of Trigonella stellata Forssk (Table 1) and adjacent areas

of the root also contained hyphae and vesicles. In all

cases at the study site, vesicles were observed in disente-
grating rootlets with the consequent release of the vesicles
(Fig. 3). This is contrary to Mc Gee [22], who observed -
vesicular infection in roots in which the epidermis was

still intact. However, in Silene succulenta Forssk (Fig. 4),

the mature vesicle: was observed within the root and dictated
by the host cell. In addition, no evidence was found to
suggest that vesicular associations are a stage of develop-
ment of VAM subsequent to the collapse of arbuscules or

that growth of the host was enhanced by the association.

The exact nature of vesicular associations remains uncertain.
Hirrel et al. [17] suggested that the absence of arbuscules
could indicate nonfunctional mycorrhizal associations or
nonsympiotic colonization by hyphae from a mycorrhizal plant

growing close by. Although these plants are widely spaced,
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colonization from a neighboring plant may occur. It cannot
be stated with certainity whether the mycorrhizae of these
species are viable or structural remnants from a once- fun-

ctional association.

The grouping of mycorrhizas according to the presence
or absence of coils is probably of no value until the control
and the effect of coil formation are more clearly understood.
The formation of coil of hyphae and the collapse of hyphal

structures in the root of Cressa cretica L. were formed from

brénched hyphae in cortical cells, with an absence of imme-
diate collapse of hyphal structures and the continuity of
infectivity of mycorrhizal root lengths. Presence of coils
may indicate variation in the physiology of the association
from commonly studied VAM.

As is typical of wildland habitats and uncultivated
soils, few fungal spores were recovered from the sievings.
Rose [31] reported low spore densities in native shrub
fields of Oregon; Mosse & Bowen [26] reported similar low
spore populations under wildland perennial vegetation in
Australia and England. In many soil samples in this survey
no spores were found although roots growing in it and
nearby contained structures indicating colonization by VA
mycorrhizal fungi. Perhaps the fungal symbionts sporulate
infrequently in this habitat during winter or only spor-

ulate and germinate after rainfall sufficient to increase
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the soil moisture content [30]

In rangeland conditions the VA mycorrhizal fungi
fruit as single spores [ 37 ] .  and their presence and
number vary with season and soil moisture, between annual
and perennial hosts, and between habitats. Mycorrhizal .
fungi persist within roots of perennial hosts over the
dormant season, but annuals depend on propagules in soil
for new colonization each growing season [37] .
At the time of sampling, the soils of Sinai contained few
VA fungal spores. The native desert plants along the Medi-
terranean coast of Sinai are commoniy perennial aad typically
widely spaced with bare regions between vegetation exceed-
ing 10 m in width. The dominance by sparse, randomly spaced
perennials may explain the lack of VA fungal propagules
and the low number of VA fungal spores may in turn limit
the establishment of annual plants. In communities of
annuals mixed with perennials, hyphae growing from the
roots of perennial plants may colonize annuals Hirrel et al.
[17],It is therefore conceivable that the soil containing

low numbers of VA fungal spores is nevertheless intective.

After invasion of the host ceil of Melilotus indica

(L.} All. by Glomus mosseae (Nicol. & Cerd.) Gerd. & Trapve,

a host-parasite interface develops resembling that in many

pathogenic and non-pathogenic host=Zparasite associations
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during their period of compatibility. At the penetration
point of the cell wall, a granulation occur. Their is
associated with the formation of a dense thickening (a
papilla) on the innef cell wall (Figs. 6&7). Akai et al.
{1]} and Kaspari [19,20] presumed that the enzymes are
involved in the penetration process and this is suggested
by the granulation of the cell wall at the penetration
point. The papilla appears to be a swelling of the cell
wall Mc Keen et al. [24] rather than additional wall
thickening by apposition [3,6].because the dense zone
extends into the cell wall. Kaspari [19,20] observed
unusual case of papilla formation at the penetration point

this was the association of Glomus mosseae with tobacco

roots. He believed that the papilla is a host defence

reaction or delimiting structure.
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