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The mycological analysis of 40 soil samples and the air at northern border
region, in Saudi Arabia was studied during the period from October to December 2015.
The dilution- and exposed- plate techniques and three isolation media incubated at 28°C
were used for isolation of soil and air-borne fungi. Chemical analysis revealed that soil
samples have very low water content and with poor total soluble salts.  A total of 56 +1
variety species related to 20 genera were isolated from 40 soil samples using Cz, cellulose
and 10% NaCl media incubated at 28C, while, 28 species belonging to 18 genera were
encountered from the air of the four regions. In soil the hyaline fungi like Aspergillus,
Penicillium, Myrothecium and Fusarium were predominant over darke-coloured ones.
On the contrary, in the air, the dematiaceous fungi e.g. Alternaria, Cladosporium,
Ulocladium, Phoma, Stachybotrys, Humicola and Derchslera outnumbered the hyaline
ones. There was a significant difference in the occurrence and diversity of fungi recovered
from soil, or air in the four studied regions. Among 6 isolates of A. flavus strains screened
for aflatoxin production 3 could produce B1 & B2 and G1 & G2. Knowledge of species and
density of soil and outdoor airborne fungi in the studied environment can be especially
important in the diagnosis and treatment of various allergic diseases. This study provided
some information regarding the soil and air borne fungal composition at the Northern
border region of Saudi Arabia and suggesting a further investigation to correlate between
the common human allergies among the population and the incidence of soil and airborne
fungi in the environment of this region.
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Soil fungi are important component of the
soil habitat as ecologically their role to control the
nutritional cycle to maintain the soil fertility and
structure1, 2. If we remember that only about 6- 7%
of the total fungal species on earth suggested to
be 1.5 million are known3. Thus, mycologists ever
where are strongly urged to work very hard to
search for new species in different ecosystems
around them. Several studies on soil fungi has been
investigated from various points of view in many
parts of the world4-10.

The term “Air-born fungi” is namely that
the spores of fungi carrying by atmosoheric air.
The intensity of fungal spores increases
depending on air pollutionand vary with time of
day, weather, season, geographical location and
flora combination11-13. The study of aeromycology
is important in plant pathology and in disease
forecasting of plant diseases. Aerobiological
studies conducted in relation to respiratory allergic
diseases14. Aeromycological researchs from the
Middle East area are scattered, in Egypt15,16, in
Kuwait17, in Qatar18,  in Saudi Arabia14, 19, in Yemen20,
In Libya21, in Turkey11, 22-24, in Iran25 , and in
Jordan26. In the aerospora several fungal genera
and species were found to be the most
dominant27,28.
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Aflatoxins are a group of mycotoxins that
produce by toxigenic strains of Aspergiullus flavus
and A. parasiticus29-32and other species are also
reported as AFs producers33. Aflatoxins
contaminate different types of food and feed
commodities, especially in hot and humid regions
of the world34. The major AFs are characterized as
B

1
, B

2
, G

1
, and G

2 
of which aflatoxin B is the best

known because of its hepatocarcinogenic nature35.
From golobal prospective of food safty and
security, aflatoxins contamination of food has
gained much attention as potential health hazard
for humans and animals36.

In Saudi Arabia, especially the northern
border region, information on the fungal ecology
of desert and reclaimed soil and air borne fungi is
limited. Thus, the aim of the present work was
designed to investigate the diversity of fungi in
soil of the northern border region.Seasonal
fluctuations of fungi over these regions was carred
out bimonthly during October - December 2015.
Also, the potentionality of the commonest fungi
for aflatoxins production was evaluated.

MATERIALS  AND METHODS

Sampling location
This study was carried out in four cities

(Rafha, Lina, Al-Uwaygilah and Arar), the Northern
border region of Saudi Arabia, bordering Iraq and
Jordan. Sampling was conducted bimonthly during
the period from October to December 2015.
Collection of soil samples

A total of 40 soil samples were collected
from the four governorates (10 for each). At least
five samples were taken at random from each place,
then the five soil samples were brought into one
compsite sample which mixed thoroughly several
times. Soil samples were put directly each into a
clean plastic bages and brought into the laboratory
and kept at 5°C till fungal analysis.
Determination of soil moisture content (MC)

The moisture content of soil was
determined by drying replicates of freshly collected
samples in an oven at 105 C till constant weight.
The loss of weight was determined, and then the
percentage of moisture content was calculated from
the following equation:

% Moisture content = {(A - B) ÷ B} X100
Where

A = weight of sample before drying and B = weight
of sample after drying.
Determination of total soluble salts (TSS)

The specific electrical conductance was
measured in the soil extract using the conductance
meter (YSI, model 35). The percentage TSS in the
samples were estimated using this equation: % TSS
in dry sample = 0.064 X EC X extract ratio. The
conversion factor to percentage salts (0.064) fairly
applied for solutions extracted from the soil37.
Isolation of soil fungi

The dilution- plate method was used for
enumeration of soil fungi as described by Johnson
et al.38and employed by Moubasher and his
collaborators. The plates (5 plates for each type of
medium) were incubated at 28 C for 1- 3 weeks after
which the developing fungi were counted and the
number of colony forming units (CFUs) was
calculated per g dry soil.
Isolation of air-borne fungi

Sampling was conducted bimonthly
during the period from October to December 2015.
Fifteen replicate plates of 9 cm diameter of the three
media (Czapek’s, Cellulose and 10% NaCl, 5 each)
were exposed for 15 minutes at a height of 60 cm
above the ground level at each of the four sites.
The plates were then sealed and brought back to
the laboratory and incubated at 28ºC for 7-15 days,
during which, the developing colonies were
counted (CFU, per 5 plates each medium),  isolated
and identified.
Media used for isolation of fungi

The three types of media used for
isolation of fungi were: 1) Modified Czapek's agar
of the following composition (g/l): glucose 10,
sodium nitrate 3.0, potassium dihydrogen
phosphate 1.0, magnesium sulphate 0.5, potassium
chloride 0.5, ferrous sulphate 0.01, agar 15.0), to
which rose bengal (1/15000) and chloramphenicol
(25 µg/ml) were added as bacteriostatic agents; 2)
Czapek's agar of which sucrose was replaced by
cellulose for isolation of cellulose decomposing
fungi and 3) Modified Czapek's agar medium
supplemented with 10% sodium chloride was used
for isolation of halophilic and halotolerant fungi.
Identification of fungi

The following references were used for
the identification of fungal genera and species39-

45.
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Screening of aflatoxins
six strains related to Aspergillus flavus,

isolated in the current study, were screened for
aflatoxin-producing capability according to the
method of Zohri46. Cultures were observed for
fluorescence under long-wave UV light (365 nm)
after 7 days. The positive results were shown as
blue and green flourescences.

RESULTS  AND DISCUSSION

Chemical analysis of desert soil samples
collected from the four regions revealed that water
content and tatal soluble salts in the tested samples
were very low levels. MC in the examined samples
ranging from 0.4-1.8; 0.2-1.9; 0.5-3.6; and 0.6-3.0 %
in the four regions, respectively. Also, as in MC,
total soluble salts were remarkably higher in Al-
Uwaygilah and Arar than the other two regions
ranging between 0.2- 1.0 ; and  0.4-1.2 and 0.2- 1.1
. Relatively high means MC and total TSS was
found in Arar (2.04 and 0.82) followed by Al-
Uwaygilah (1.76 and 0.83) (Table 1). Our results
were greatly harmony with the finding of Abdel-
Hafez4 who reported that soil of Saudi Arabia were
generally poor total soluble salts (0.05- 0.46 %).
Gherbawy et al.47 indicated that the soil moisture
content is low in all habitats of Taif area. Moubasher
et al.48 stated that MC of cultivated, desert and
salt marsh soils were higher than those in Saudi
Arabia and ranged from 7.5 – 22.4; 1.5- 9.5 and 5.5-
19.3%, respectively. Whereas, TSS fluctuated from
low value (0.2- 1.3%) in cultivated; low or moderate
values in desert (0.2- 7.6%) and high or very high

in salt marsh soils (4.6-46.7%). Ismail49 rated that
MC of air dust fluctuated between 0.5- 9.0% while,
TSS varied from 0.03- 31.7% and most samples
contained less than 02.0% of total soluble salts.
Fungi recovered from soil

Using three types of media incubated at
28°C, it could isolate 56 species and one variety
appertaining to 20 genera from 40 soil sample
collected from 4 regions (10 each) at the Northerns
border of Saudi Arabia (Table 2). The results
revealed that the highest counts and number of
genera and species were recorded in Arar (13 genera
and 25 species) and Linah (12 and 260) followed
by Al-Uwaygilah (12 and 22) and Rafha (9 and 16).
1n soil the hyaline fungi were predominant over
the dark-coloured ones. It may be due to the soil is
densely populated by microorganisms and
competition for extence is very sever. On the other
hand, fungi are relatively protected from the
injurious effects of atmospheric conditions, high
light intensity, and deep diurnal fluctuations of
temperature and humidity. These conditions may
selectively favour hyaline fungi over the dark-
coloured (melanin-containing) fungi.

There was remarkably high incidence of
fugal total counts in soil samples gathered from
Arar (1065 conlonis/ g) and Linah (850) followed
by Al- Uwaygilah (760) and Rafha (320). This may
be associated with the high activities of human
and animals which led to increased amount of
nutrients in the remains of plant, animal and man in
this area providing the optimal condations for
microbial growth50.  In this respect, Comprehensive
studies on soil fungi began with work of Adametz51

Table 1. Percentage moisture content (MC%) and total soluble salts (TSS%) of  the examined soil samples

Samples Rafha Linah Al-Uwaygilah Arar

No. MC% TSS% MC% TSS% MC% TSS% MC% TSS%

1 1.8 0.2 1.8 0.9 1.5 0.5 2.1 1.1
2 0.9 0.2 0.7 1.0 1.3 0.6 1.8 1.2
3 1.6 0.3 1.9 0.8 0.9 0.2 2.6 0.9
4 1.5 0.9 0.9 0.4 1.8 1.0 2.2 0.6
5 1.6 0.3 0.2 0.3 0.5 0.7 1.7 0.7
6 1.0 1.0 1.3 0.2 2.2 0.6 2.5 1.0
7 0.4 0.6 1.1 0.5 3.6 0.8 3.0 0.8
8 0.8 0.3 0.9 0.6 1.9 1.0 0.6 0.9
9 1.2 0.4 1.8 0.7 2.1 1.1 2.0 0.4
10 1.3 0.9 1.0 0.9 1.8 0.9 1.9 0.6
Mean 1.21 0.51 1.16 0.63 1.76 0.83 2.04 0.82
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Table 3.Total counts (calculated/30 plates/ 20  min) of fungal genera and species
isolated from the air of  the four  regions on Czapek’s-glucose agar (Cz), Czapek’s

- Cellulose agar (Cell) and Czapek’s  with 10 % NaCl agar (10% NaCl) media at 28°C.

Genera & Species Rafha Linah Al-Uwaygilah Arar

Cz Cell. 10 % Cz Cell. 10 % Cz Cell. 10 % Cz Cell. 10 %
NaCl NaCl NaCl NaCl

Alternaria alternata 88 83 62 67 86 58 74 95 33 84 72 32
Aspergillus 26 45 52 62 26 53 32 27 13 39 61 6
   A. flavipes 13 - - 14 - - 4 2 6 3 - 3
   A. flavus 3 12 - 3 4 - 8 3 - 3 14 -
   A. fumigatus 1 4 20 7 3 11 6 - - 6 10 3
   A. niger 6 25 17 24 10 36 12 22 7 21 13 -
   A. terreus 1 4 7 11 6 6 2 - - 6 24 -
   A. ustus 4 - 8 3 - - - - - - - -
Chaetomium globosum - 2 3 - 1 5 - - - - 4 -
Cladosporium 46 37 50 31 22 37 28 10 11 25 45 19
   C. cladosporioides 43 37 48 31 22 37 24 10 11 25 34 19
   C. herbarum 3 - 2 - - - 4 - - - 11 -
Curvularia lunata 2 11 1 2 - - - 13 - 2 11 -
Derchslera 11 8 6 8 14 17 6 11 7 13 15 5
   D. halodes 5 - 3 2 3 9 - - 7 5 12 2
   D. spicifera 6 8 3 6 11 8 6 11 - 8 3 3
Fusarium 8 22 22 17 7 25 32 3 19 30 18 24
   F. moniliforme - 22 - - 6 - 21 3 - 20 18 -
   F.oxysporum - - - 6 - 13 6 - - - - -
   F. solani 8 - 22 11 1 12 5 - 19 10 - 24
Humicola grisea 17 18 4 7 3 10 5 5 10 7 11 -
Myrothecium roseum - - 7 1 3 2 - - - - - -
Paecilomyces variotii - 7 2 - - - - - - - - -
Penicillium 9 9 6 13 - 5 10 2 2 5 - 3
   P. chrysogenum 4 9 6 13 - 5 4 2 2 5 - 3
   P. funiculosum 5 - - - - - 6 - - - - -
Phoma humicola 9 14 10 9 4 - 10 2 - 7 9 -
Scopulariopsis brevicaulis - 4 - - - - 6 - - 4 - 3
Stachybotrys chartarum 16 31 - 20 16 - 4 8 - 13 28 -
Sterile mycelia 17 9 16 7 9 18 - - - 9 6 25
Torula herbarum - 10 - 2 - - - - - - 5 -
Trichothecium roseum - - - - - - - - - 1 - 1
Trichoderma hamatum - - - - - - - - - - 7 5
Ulocadium atrum 22 49 28 23 46 52 24 40 27 17 70 68
Total counts 274 359 269 266 232 282 231 216 122 256 351 190
No. of genera 12 15 13 11 11 10 11 11 8 13 12 9
No. of species 20 18 18 18 16 14 19 13 9 19 17 11
Total genera = 18 19 13 12 16
Total species = 28 28 22 21 23

who isolated 11 species of fungi from expermintal
farm for purpose of making biochemical studies.
Since that, the number of publications on soil fungi
has grown significantly, such as: Azaz and Pekel7

from soil samples taken from burnt forest land in
Turkey; Szewczyk8 on soil from young Scots pine

plantations affected with root rot in Poland;
Puangsombat et al.9 from soil of Tha Kum-Haai;
Hemida et al.10, Abdel-Hafez et al.52,53, Al-Khateeb54

on soil collected from different habitats in Egypt.
Incidence of Aspergillus, Penicillium,

Fusarium, Alternaria and Ulocladium and its
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member were the common in the studied regions.
Some species were encountered only on one media
and prevalent on other one. Also, numerous
species were found only from one region and not
from  the others and vis versa.. These results were
harmony with those obtained by El-Gali and
Abdullrahman21 who studied the soil fungi in El-
Beida, Libya and showed that the most abundant
fungi were Alternaria, Aspegillus, Fusarium and
Penicillium spp. The distribution of these fungi
in such habitats which are in close association
with human activities supports that contact with
such habitats is a risk factor for the infections
caused by these fungal species. Therefore careful
contact with such habitats especially for
immunocompromised individuals must be
controlled to avoid funal infections. Sharma et al.55

found that dominant soil colonizers from
subtropical forest were Cladosporium,
Trichoderma and Penicillium.

Also, the results indicated that the widest
spectrum of genera and species being isolated on
Cz, followed by cellulose and the narrowest on
10% NaCl media. It is worthmentioin that
Ulicladium species were prevalent on Czapek’s
medium supplemented with10 %NaCl. This
indicated that these members were able to tolerate
high salte stress and called haloterant fungi. The
same results were obtained by Moubasher et al.6.
They could isolate 87 species related to 31 genera
from 96 newly reclaimed soil samples from Wadi
El-Natrun, Egypt on three isolation media.

In the current work, the widest spectrum
of total counts being isolated on Czapek’s -
cellulose and the narrowest on 10% NaCl media,
whereas Czapek’s with 1% glucose medium was
intermediate. Aspergillus, Fusarium,
Myrothecium, Stachybotrys, Penicillium and
Emericella were regularly the most dominant

genera possessing the highest proportions of
propagules on the three isolation media. Numerous
species were found only on one medium and not
on the others media (Table 2).Also, in the literature
a great number of fungi recorded in the present
investigation on 10% NaCl medium were also
identified in different parts of the world on high
salt  concentrations from Purerto Rico56, Dead Sea57,
Red sea shore58, Salt marsh soil in Egypt48, solar
salterns59, saline environments in Slovenia60 and
Mondovi estuary61,62. From the previous genera
the most prevalent species were: A. flavus,, A.
fumigatus, A. ochraceus, A. terreus,
P.chrysogenum, P. funiculosum, P. oxalicum, F.
sambacinum, P. solani, A. alternata, A.
chlamydospora, U. atrum and U. botrytis. Some
species were encountered from three cities such
as: A. carneus, A. ochraceus, A. terreus,
Cladosporium cladosporioides, Myrothecium
verrucaria, P. chrysogenum, and P. funiclosum.,
or two cities like: A. alternata, A. brasiliensis, B.
piluliferum, C. specifer, E. nidulans, Humicola
fusco-atra, P. oxalicum, P. glomerata, Stachybotrys
chartarum and U. tuberculatum and not on the
others. The remaining genera and species were
isolated in rare frequency of occurrence found only
in one city (Table 2). These species were also,
isolated in high or rare frequency of occurrence
from different habitats as reported by several
researchers all over the world4,53,63.

The isolated species have been
increasingly reported recently to be the etiologic
agents of serious diseases in human through
traumatic inoculation64-66. There have been many
reports of infection caused by black moulds in
healthy individuals and in immunocompromised
patients67. Also skin infections due to Alternaria
in kidney transplant recipient have been reported
by some investigators68. The prevalent clinical

Table 4. Flourescence (at 365 nm) of Aspergillus flavus strains isolated from the examined soil samples

Isolates (No.) Flourescence on plates Source Medium

Aspergilus flavus (1) -ve Rafha Cz
Aspergilus flavus (2) -ve Rafha Cz
Aspergilus flavus (3) Aflatoxins B1, B2, G1, G2(500  µg/ L) Linah Cz
Aspergilus flavus (4) B1 (50 µg/ L) Al-Uwagilah Cz
Aspergilus flavus (5) B1, G1 (200 µg/ L) Al-Uwagilah Cz+NaCl
Aspergilus flavus (6) -ve Arar Cz+NaCl
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features caused by C. herbarum, C.
cladosporioides, and C. sphaerospermum
included, infection of skin65, corneal ulcer69, brain
abscesses70, pulmonary ball71 and dental
granuloma72. Therefore careful contact with such
habitats especially for immunocompromised
individuals must be controlled to avoid funal
infections.
Fungi recovered from air

Airborne microbial contamination is a
significant issue in the crowded centers and cities,
as air serves as a transmission vehicle for
pathogens that have linked with adverse health
effects ranging from infectious diseases to
allergies19.

Knowledge of species and density of
outdoor airborne fungi in the studied environment
can be especially important in the diagnosis and
treatment of these diseases. In the present work
the distribution of air fungal flora were performed
during October – December 2015 over four
governorates at the Northern border region, Saudi
Arabia. Gravtational setting method using Pitri-
dishes containing three isolation media wrer
applied.

Exposed culture plates in various
locations at the four cities as previously described
produced a total of 28 species related to 18 genera
on the three types of media used. Al-Falih73

screened the air-borne fungal flora inhabiting
school environments at different places in Riyadh

city, Saudi Arabia. He could isolate 36 species
belonging to 6 genera from the examined area. In
Turkey, Topbas et al.23 evaluated the prevalent
species of airborne in the outdoor environment in
Trabzon city, Turkey. Twelve genera of fungi were
identified. It has been reported that the above
genera should always be considered as a cause of
fungal allergy74. In Iraq Muhsin and Adlan28 made
an assessment of air quality by examining outdoor
airborne fungi among three sites over four seasons
of the year 2009 in Basrah city (Iraq). They noticed
that nine fungal genera including 16 species were
prevalent in the air samples.

As shown in Table (3) the highest level
of reproduction in the terms of the number of
colonies was observed in Rafha (274, 359, 269
colonies) followed by Arar (256, 351, 190 colonies),
and the less was shown in Linah (266, 232, 282
colonies) and Al-Uwaygilah (231, 216, 122 colonies)
on the three media, respectively. Also, when the
the results analyzed with respect to the number of
fungi found, Rafha ranked first with 28 species
and 19 genera, and  Arar occupied the second with
23 species and 16 genera. Regions Linah and Al-
uwaygilah came the third and the fourth with 22
and 21 species and 13 and 12 genera, respectively.
In most regions studied the high total counts and
the widest spectrum of genera and species being
isolated on Czapek’s-glucose agar and the
narrowest was encountered on Czapek’s glucose
with 10% NaCl, whereas Czapek’s –cellulose media
was intermediate. In the air, the dematiaceous fungi
outnumbered the hyaline ones. Environmental
factors such as atmospheric conditions, high light
intensity, and deep diurnal fluctuations of
temperature, wind and humidity may induce
selective effects for advantage of the dematiaceous
fungi over the hyaline like. Also, the melanin-
containing fungi are more adapted to survive the
injurious effects of these conditions. The present
study showed similarities in both quantitative and
qualitative compositions to many comparable
investigations in tropical and subtropical areas
such as Iraq, Iran, Laybia, Turkey, Kuwait, Egypt,
as well as other studies in Saudi Arabia6,64,75.

In the current study the most
reproductive genera were Alternaria,
Cladosporium, Aspergillus, Ulocladium,
Humicola followed by Derchslera, Fusarium,
Stachybotrys and Penicillium. From the above

Fig. 1. Alfatoxin detected on thin layer
chromotography (TLC) plates,Lane -1.,2 (negative);
Lane 3 (mixture of flatoxins B

1
, B

2
, G

1
, G

2
), Lane 4

(aflatoxin B
1
), Lane 5 (aflatoxin B

1
 and G

1
) and Lane

6 (negative)
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genera A. alternata, A. niger, A. fumigatus, A.
terreus, C. cladosporioides, U. atrum, H. grisea,
A. spicifera, F. monoliforme, S. chartarum and P.
chrysogenum were the most prevalent species.
These results are comparable to those obtained
from several studies in the world. These genera
also exhibited a high level of reproduction allover
the world. In Riyadh, Hasnain et al.76 in a study
performed in outdoor air In Riyadh, it was reported
that the genera of Alternaria, Aspergillus,
Cladosporium, Penicillium, and Ulocladium were
the most common. Hasanain et al.77 found that the
genus Ulocladium emerged to be one of the five
most prevalent fungi in the outdoor environment
of three rgions (Riyad, Jeddah and Al-Khbar), Saudi
Arabia. They observed that the percentage of
Ulocladium in the air varied at all sites studied
with highest composition being 7% of the total air
spora. Alternaria is known to be a potent allergen
world-wide and considered to be the third important
allergen, after ragweed and grass pollen, as a
natural cause of allergy in the United states78. Al-
Suwaine et al.75 studied the allergenic fungi and
their seasonal fluctuation at two different sites (Al-
Batha and Al-Ulia) in Riyadh city. They indicated
that airborne fungi were grouped into major and
minor components depending upon their
frequency of appearance and catch percentage in
the air. Cladosporium, Penicillium, Aspergillus,
Alternaria and Ulocladium spp.were included as
major components. While, minor components
included Drechslera, Rhizopus, Fusarium and
Stachybotrys spp. In a study performed in Ankara,
Turkey, Mete et al.79 reported that the most
prevalent fungal genera were of Rhizopus (54%),
Cldosporium (14.3%), Penicillium (12.4%), and
Alternaria (4.7%). In a study conducted with 339
school children in Australia, Downs et al.74 idicated
that Alternaria allergens contributed to severe
asthma in regions were exposure to the fungus
was high. Also, In Turkey, Topbas et al.23

evaluated the prevalent species of airborne in the
outdoor environment in Trabzon city, Turkey and
noticed that Alternaria (26.3%), Cladosporium
(8.1%), Penicillium (26.8%) and Fusarium (13.2%)
were the most prevalent fungal genera. In Iraq,
Muhsin and Adlan28 made an assessment of air
quality by examining outdoor airborne fungi among
three sites over four seasons of the year 2009 in
Basrah city (Iraq). They noticed that the most

predominant fungi belonged to the genera
Cldosporium, Penicillium, Alternaria and
Aspergillus. Also, highest counts of the fungal
isolates were recorded for C. cladosporioides
(31.3% frequency), followed by P. notatum (= P.
chrysogenum, 11.9%), A. alternata (10.0%) and A.
niger (5.8%). In Libya, El-gali and Abdullr21

assessed the culturable airborne fungal colony and
types in different seasons of 15 homes in different
localities from April 2013 to March 2014 in Lybia.
Alternaria alternata, Cladosporium
cladosporioides, Fusarium solani, Penicillium
chrysogenum  and P. digitatum were the
predominant genera and the abundance of genera
varied by season. Spores of the previous species
are generally considered to be important causes of
allergic rhinitis and asthma80 .These genera have
been reported among the predominant soil
dematiaceus hyphomycetes in Eastern Tibet81. It
may be attributed to size and nature of their conidia
(small, dry and carried in long chains) which
facilitate thir dispersal by air82.

The remaining genera and species were
isolated in low or rare frequency of occurrence.
Also, some species were recovered from one city
and not from the other and on one medium and not
on the other (Table 3). These results are nearly
similar to those obtained from different places all
over the world16, 83-86.
Aflatoxins

The fluorescence at 365 nm of 6
Aspergillus flavus strains recoverd in the present
work indicated that 3 showed intense blue colour
indicating aflatoxins B1, B2 production and
fluoresced green colour indicating aflatoxin G1, G2
production. From the positive results 1 strain
produced aflatoxins B1, B2, G1, G2 (500  µg/ L);
one strain produced B1 (50 µg/ L)and one istrain
produced B1 and G1 (200 µg/ L) which isolated
from soil of Linah and Al-uwagilah on Cz and Cz+
Nacl  media (Table 4 and Fig. 1). The remaining
tested strains (3) showed negative results. In this
respect, Riba et al.87 screened 150 strains isolates
that related to A. flavus (144 isolates) and A. tamari
(6) for aflatoxin production and found only 45
isolates were aflatoxigenic. In the screening of
Ezekiel et al.88 on 90 isolates of Aspergillus section
Flavi found that only 35.6 % of the isolates
produced the characteristic fluorescence of
aflatoxins under 365 nm UV. More recently, Ismail
et al.89 screened 43 fungal strains and noticed that
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all A. flavus strains showed blue colour with
different intensities indicating aflatoxin B
production and one of them fluoresced greenish
yellow colour indicating aflatoxin G production.

CONCLUSION

In soil the hyaline fungi were predominant
over the dark-coloured ones. It may be due to the
soil is densely populated by microorganisms and
competition for extence is very sever. On the other
hand, fungi are relatively protected from the
injurious effects of atmospheric conditions, high
light intensity, and deep diurnal fluctuations of
temperature and humidity. These conditions may
selectively favour hyaline fungi over the dark-
coloured (melanin-containing) fungi Chimatic
factors influence the overall levels of airborne
microorganisms causing allergic diseases. Hmide
climates offer more opportunities for growth of
varous groups of allergen producing organisms,
especially fungi. Coastal areas have high humidty
and horticultural practices throughout the year also
provide sufficient moisture for fungal growth. This
study provided some information regarding the air
borne fungal composition at the Northern border
region of Saudi Arabia and suggesting a further
investigation to correlate between the common
human allergies among the population and the
incidence of airborne fungi in the environment of
this cities. Knowledge on airborne fungi is
important as it is considered a potential public
health problem and data can be used as a base to
develop criteria for assessing outdoor air quality
in Saudi Arabia. Also, some of the isolated species
especially related to Aspergillus flavus group are
well-known as toxeginic and constitute a health
hazard for human and animal.

ACKNOWLEDGEMENT

Many thanks to Deanship of Scientific
Research, Northern Border University, Arar, KSA
for financial support this research project No. (8-
27-1436-5).

REFERENCES

1. Clegg, I. J.  and Murray, P. Soil microbial ecology
and plant root interaction. IGER Innov, 2002; 6:

36-39.
2. Feeney, D. S., Crawford, J. W. and Daniell, T. et

al. Three-dimensional microorganisation of the
soil-root microbe system. Microb. Ecol., 2006;
52:151-8.

 3. Hawksworth, D. L. Fungal diversity and its
implications for genetic resource collections.
Stud. Mycol., 2004; 50: 9–18.

 4. Abdel-Hafez, S. I. I. Survey of the mycoflora of
desert soils in Saudi Arabia. Mycopathol., 1982
; 80: 3-8.

5. Moubasher, A. H. More than forty years of
study of fungi in soil and other sources in Egypt
and other Arab countries. The first International
Conference on Basic and Appilied  Mycology
(ICBAM-1), Assuit University, Assuit, Egypt.
March, 2010; pp. 15-16.

6. Moubasher, A. H., Ismail, M. A., Nemat A.
Hussein and Gouda, H. A. Osmophilic/
osmotolerant and halophilic/ halotolerant
mycobiota of soil of Wadi El-Natrun region,
Egypt. J. Basic Appl. Mycol., 2015; 6:15-24.

7. Azaz, A. D. and Pekel, O. Comparison of soil
fungi flora in burnt and unburnt forest doilsin
the vicinity of Karg Yeak (Alanya, Turkey).
Turk. J. Bot., 2002; 26: 409-16.

8. Szewczyk, W. Soil fungi communities from
young Scots pine plantations affected with root
rot. Acta Mycol., 2007; 42(2): 239- 44.

9. Puangsombat, P., Sangwanit, U. and Marod, D.
Diversity of soil fungi in different land use types
in Tha Kum-Huai Raeng Forest Reserve, Trat
Province.Nat. Sci., 2010; 44: 1162-75.

10. Hemida, S. K., Ismail, M. A. and Abdel-Sater,
M. A. Fungi from soil wilted and healthy plants
with special reference to the associated fusaria.
J. Basic Appl. Mycol., 2012; 3:1-6.

11. Asan, A., Ilhan, S. and Sen, B. et al. Airborne
fungi and actinomycetes concentrations in the
air of Eskisehir City (Turkey). Ind. Built
Environ., 2004; 13: 63–74.

12. Dubey, S., Lanjewar, S. and Sahu, M. et al. The
monitoring of filamentous fungi in the indoor,
air quality and health. J. Phytol., 2011; 3: 13-14.

13. Menezes, E. A., Carvalho, P. G., Trindate, E. C.
P. M. et al. Airborne fungi causing respiratory
allergy in patients from Fortaleza, Ceara, Brazil.
J. Bras. Patol. Med. Lab. ,2004; 46(3); 133-37.

14. Hasnain, S. M., Fatima, K., Al-Frayh, A., and
Al-Sedairy S. Prevalence of airborne
basidiospores in three coastal cities of Saudi
Arabia. Aerobiol., 2005; 21: 139–45.

15. Abdel-Hafez, S. I., Shoreit, A., Abdel-Hafez, I.
A. and EL-Maghraby, O. M. Mycoflora and
mycotoxin producing fungi of air-dust particles
from Egypt. Mycopathol., 1986; 93: 25–32.



J PURE APPL MICROBIO, 10(2), JUNE 2016.

976 HEMIDA & ABDEL-SATER:  BIODIVERSITY OF FUNGI IN SAUDI ARABIA

16. Ismail, M. A., Chebon, S. K. and Nakamya, R.
Preliminary surveys of outdoor and indoor
aeromycobiota in Uganda. Mycopathol., 1999;
148: 41–51.

17. Khan, Z. U., Khan, M., Chandy, R. and Sharma,
P. N. Aspergillus and other moulds in the air of
Kuwait. Mycopathol., 1999; 146: 25 – 32.

18. Al-Subai, A. A. Air-borne fungi at Doha, Qatar.
Aerobiol., 2002; 18(3–4): 175–83.

19. Abdel-Hameed, A. A. and HabeebAllah, T. Air
microbial contamination at the Holy Mosque,
Makkah, Saudi Arabia. Curr. World Environ.,
2014; 8(2): 179-87.

20. El-Essawy, A. A., Abd El-Kader, M. I. A., Abou
El-Hawa, M. E. and Aly A. S. E. Studies on
mycoflora of air of Sana’a governorate ‘‘Yemen
Republic’’. Egyptian J. Appl. Sci., 1992; 7: 607–
16.

21. El-Gali, Z. I. and Abdullrahman, E. M. Seasonal
distribution of indoor and outdoor fungi in the
air of El-beida city, Lybya. New York Sci. J.,
2014; 7(6): 94-100.

22. Sarica, S., Asan, A., Tatman-Otkun, M. and Ture,
M. Monitoring indoor airborne fungi and
bacteria in the different areas of Trakya
University Hospital (Edirne-Turkey). Indoor
Built Enviro., 2002; 11: 285–92.

23. Topbas, M., Tosun, L., Can, G., Kaklikkaya, N.
and Aydin, F. Identification and seasonal
distribution of airborne fungi in Urban outdoor
air in an Eastern Black Sea Turkish Town. Turk.
J. Med., 2006; 36: 31-36.

24. Õzkara, A., Ocak, I., Korcan, S. and Konuk, M.
Determination of fungal air spora in
Afyonkarahisar, Turkey. Mycotaxon, 2007; 102:
199–202.

25. Nourian, A. A., Badali, H. and Khodaverdi, M.
et al. Airborne mycoflora of Zanjan-Iran. Int. J
Agri. & Biol., 2007; 9(4): 628–30.

26. Al-Qura’n S. Analysis of airborne pollen fall in
Tafileh, Jordan, 2002–2003. World Appl. Sci. J.,
2008; 4(5): 730–5.

27. Lohare, S., Kamble, R., Lakde, H. and Nagpurne,
V.S. Air spora over tomato field at udgir Shodh,
Samiksha aur Mulyankan. Int. Res. J., 2009; 2(6):
806 – 7.

28. Mushsin, T. M. and Adlan, M. M. Seasnonal
distribution pattern of outdoor airborne fungi in
Basrah city Southern Iraq. J. Basrah Res. (Sci.),
2012; 38(1): 90-8.

29. Bankole, S., Ogunsanwo, B. M. and Mabekojo,
O. O. Natural occurrence of moulds and Aflatoxin
B1 in melon seeds from markets in Nigeria. Food
Chem. Toxicol., 2004; 42: 1309- 14.

30. Paterson, R. R. M. Aflatoxins contamination in
chili samples from Pakastan. Food Cont., 2007;

18: 817-20.
31. Ferguson, L. R. Role of dietary mutagens in

cancer and atherosclerosis. Curr. Opin. Clin.
Nutr. Metab. Care, 2009; 12: 343-49.

32. Iqbal, S. Z., Paterson, R. R. M., Bhati, I. J. et al.
Aflatoxin B1 in chilies from the Paunjab region,
Pakistan. Mycotoxin Res., 2010; 26: 205-9.

33. Frisvad, J. C., Thrane, U., Samson, R. A. and
Pitt, J. I. Important mycotoxins and fungi which
produce them. Adv. Exp. Med. Biol., 2006; 571:
30-31.

34. Murphy, P. A., Hendrich, S., Landgren, C. and
Bryant, C. M. Food Mycotoxins. An Update J.
Fd. Sci., 2006; 71: 51-65.

 35. Bhatnager, D., Payne, G., Linz, J. E. and
Cleevland, I. E. Molecular biology to eliminate
aflatoxins. Inform., 1995; 6: 262-92.

36. Udagawa, S. Fungal spoilage of foods and its
risk assessment. Nippon Ishinkin Gakkai
Zasshi., 2010; 46: 11-15.

37. Jackson, M. L. Soil Chemical Analysis.
Constable and Co. London, 1958.

38. Johnson, L.F., Eiroy, A. and Curl, E. A. Methods
for research on the ecology of soil-borne plant
pathogens.  Burgress publishing Company,
Minneopolis, 1972.

39. Raper, K. B. and Fennell, D. I. The genus
Aspergillus. Williams & Wilkins Co., Baltimore,
1965.

40. Booth, C. The Genus Fusarium. Kew, UK,
Commonwealth Mycological Institute, 1971.

41. Ellis, M. B. Dematiaceous Hyphomycetes.
Commonwealth Mycological Institute, Kew,
Surrey, England, 1971; 608 pp.

42. Pitt, J. I. The Genus Penicillium. Academic Press,
London, 1979; 635 pp.

43. Moubasher, A. H. Soil fungi in Qatar and other
Arab countries. The Scientific and Applied
Research Center, University of Qatar, Doha,
1993; pp. 566.

44. Domsch, K. H., Gams, W. and Anderson, T.H.
Compendium of soil fungi. 2nd edition, IHW-
Verlag, Eching, 2007.

45. Seifert, K., Morgan-Jones, G. W. and Kendrick,
B. For the genera of hyphomycetes.CBS-
KNAW. Fungal Biodiversity Centre, Utrecht,
The Netherlands, 2011; pp. 997.

46. Zohri, A. A. Mycoflora and Mycotoxins of some
meat products. Ph. D. thesis, Botany
Department, Faculty of Science, Assiut
University, Assiut, Egypt, 1990.

47. Gherbawy, Y. A., Hussein, N. A. and Al-Qurashi,
A. A. Molecular characterization of Trichoderma
population isolated from soil of Taif city, Saudi
Arabia. Int. J. Curr. Microbiol. Appl. Sci., 2014;
3(9): 1059-71.



J PURE APPL MICROBIO, 10(2), JUNE 2016.

977HEMIDA & ABDEL-SATER:  BIODIVERSITY OF FUNGI IN SAUDI ARABIA

48. Moubasher, A. H., Abdel-Hafez, S. I. I., Bagy,
M. M. K. and Abdel-Sater, M. A. Halophilic
and halotolerant fungi in cultivated, desert and
salt marsh soils from Egypt. Acta Mycol., 1990;
27(2):65-81.

49. Ismail, M. A. Studies on the mycoflora of air,
dust and pollen grains in the oasis of Western
desert, Egypt. Ph. D. thesis, Faculty of Science,
Assuit University, Assiut, Egypt, 1990.

50. Vitousek, P. M., Mooney H. A., Lubchenco, J.
and Melillo, J. M. Human Domination of Erth’s
ecosystems. Science, 1997; 277: 494-9.

51. Adametz, L. Untersuchungen uber die niederen
Pilze der Ackerkrume. Inaugural-Dissertation,
Leipzig, 1881; pp. 78.

52. Abdel-Hafez, S. I. I., Moharram, A. M. and
Abdel- Sater, M. A. Soil fungi of the New Valley
Area, Western Desert, Egypt. Bull. Fac. Sci,
Assiut Univ., 2000; 29:255- 71.

53. Abdel- Hafez, S. I. I., Ismail, M. A., Hussein,
N. A. and Abdel-Hameed, N. A. The diversity
of Fusarium species in Egyptian soils, with 3
new record species. Assiut Univ. J. Bot., 2009;
1: 129-47.

54. Al-Khateeb, A. W. Some mycological,
phytopathological and physiological studies on
mycobiota of selected newly reclaimed soils in
Assiut Governorate, Egypt. M. Sc. Thesis,
Botany Department, Faculty of Science, Assiut
University, Assiut, Egypt, 2004.

55. Sharma, G., Pandey, R. R. and Singh, M. S.
Microfungi associated with surface soil and
decaying leaf litter of Quercus serrata in a
subtropical natural oak forest and managed
plantation in Northeastern India. Afric. J.
Microbiol. Res., 2011; 5(7): 777-87.

56. Ruiz-Suarez, J. Arenicolus filamentous fungi in
Mayaguez Bay shoreline, Western Puerto Rico.
Master Thesis. University of Puerto Rico,
Mayaguez Campus, 2004.

57. Grishkan, I., Nevo, E. and Wasser, S. P. Soil
micromycetes diversity in the hypersaline dead
sea costal area. Israel. Mycol. Prog., 2003; 2(1):
19-28.

58. Moubasher, A. H., Abdel-Hafez, S. I. I. and El-
Maghraby, O. M. O. Studies on soil mycoflora
of Wadi-Bir-El-Ain, Eastern Desert, Egypt.
Cryptogamie Mycol., 1985; 6: 129-43.

 59. Cantrell, A. S., Casillas- Martinez, L. and
Molina, M. Characterization of fungi from
hypersaline environment of solar salterns using
morphological and molecular techniques. Mycol.
Res., 2006; 110: 962- 70.

60. Butinar, I., Santos, S., Spencer-Martins, I., Oren,
A. and Gunde-Cimerman, N. Yeast diversity in
hypersaline habitats. FEMS Microbiol. Lett.,

2005; 244: 229-34.
61. Gunde-Cimerman, N., Ramos, J. and Plemenitas,

A. Halotolerant and halophilic fungi. Mycol. Res.,
2009; 113: 1231- 41.

62. Gonsalve, V., Nayak, S. and Nazareth, S.
Halophilic fungi in a polyhaline estuarine
habitats. J. Yeast Fungal Res., 2012; 3(3): 30-
36.

63. Gomes, D. N. F., Cavalcanti, M. A. Q., Fernande
M. J. S. et al. Filamentous fungi isolated from
sand and water of Bairro Novo and Casa Caiada
beaches, Olinda, Pernambuco, Brazil. Braz. J.
Biol., 2008; 68(3): 577-82.

64. Gallelli, B., Viviani, M. and Nebuloni, M. et al.
Skin infection due to Alternaria species in kidney
allograft recipients: report of new cases and
review of the literatures. J.Nephrol., 2006; 19(5):
668-72.

65. Tamsikar, J., Naidu, J. and Singh, S. M.
Phaeohyphomycotic sebaceous cyst due to
Cladosporium cladosporioides: Case report and
review of leterture. J. Med. Mycol., 2006: 16:
55-7.

66. Smith, T., Goldschlager, T., Mott, N., Robertson,
T. and Campel, S. Optic atrophy due to
Curvularia lunata mucocoele. Pituitary, 2007;
10:295-7.

67. Silvera, F. and Nucci, M, Emergence of black
moulds in fungal disease: epidemiology and
therapy. Curr. Opin. Infect. Dis., 2001; 14(6):
679-84.

68. Farina, C., Gotti, E., Parma, A. et al.
Phaeohyphomycotic soft tissue disease caused
by Alternaria alternata in a kidney transplant
patient: A case report and literature review.
Transplant Proceed, 2007; 39: 1655-59.

69. Gugnani, H. C., Gupta, S. and Talwa, R. S. Role
of opportunistic fungi in ocular infection in
Nigera. Mycopathol., 1978; 65: 155-66.

70. Kantarcioglu, A. S., Yucel, A. and De Hoog, G.
S. Case report: Isolation of Cladosporium
cladosporioides from cerebrospinal fluid.
Mycoses, 2002; 45: 500- 3.

71. Kwon-Chung, K. J., Schwartz, I. S. and Ryback,
B. J. A pulmonary fungal ball produced by
Cladosporium cladosporioides. Am. J. Clin.
Pathol., 1975; 64: 564 -8.

72. Pepe, R. R. and Bertrolotto, C. Primo isolamento
di Cladosporium cladosporioides (Fres.) de
Vries da gramulomi dentali. Minerva Stomatol.,
1991; 40: 781 – 5.

73. Al-Falih, A. M. Aquantitative survey of air-
borne fungal spores from schools in Riyadh,
Saudi Arabia. Pak. J. Biol. Sci., 2001; 4(6): 736-
9.

74. Downs, S. H., Mitakakis, T. Z., Marks, G. B. et



J PURE APPL MICROBIO, 10(2), JUNE 2016.

978 HEMIDA & ABDEL-SATER:  BIODIVERSITY OF FUNGI IN SAUDI ARABIA

al. Clinical importance of Alternaria ezposure
in children. Am. J. Respir. Crit. Care Med., 2001;
164: 455- 9.

75. Al-Suwaine, A. S., Hasnain, S. M. and  Bahkali,
A. H. Viable airborne fungi in Riyadh, Saudi
Arabia. Aerobiol., 1999; 15: 121-30.

76. Hasnain, S. M., Al-Frayh, A. R. and Thorogood,
R. et al. Seasonal periodicities of fungal allergens
in the atmosphere of Riyadh. Ann. Sudi Med.
1989, 9(4): 337-43.

77. Hasnain, S. M., Al-Fraya, A. S. and Al-Suwaine,
A. et al. Allergenic implication of airborne
Ulocladium in Saudi Arabia. Grana, 1995; 34:70-
6.

78. Hoffman, D. R. Mould allergens (Chapter 6).In:
Mould allergy, Yousef Al- Doory and Joanne F.
Domson (eds), Lee & Febiger, Philadelphia,
1984; 287.

79. Mete, E., Ozkaragoz, F., Cerrahoglu, K. et al.
Ankara’nin dort semtinde havanin 6 aylik fungal
florasi. J.  New Med., 2001; 18: 197-201.

80. Unlu, M., Ergin, C., Cirit, M. et al. Molds in
homes of asthmatic patients in Isparta, Turkey.
Asian Pac. J. Allergy Immunol., 2003; 21(1):
21-4.

81. Tian-Yu, Z., Hua-Yue, G. and Feng-Hong W.
A preliminary report on soil dematiaceous
hyphomycetes from three river gorge regions in
eastern Tibet. Mycosystema, 2008; 27(1):39-47.

82. Di Giorgio, C., Krempff, A. and Guiraud, H. et

al . Atmospheric pollution by airborne
microorganisms in the city of Marseilles.
Atmospheric Environ., 1996; 30 (1): 155-60.

83. Chakraborty, S., Sen, S. and Bhattacharya, K.
Indoor and outdoor Aeromycological survey in
Burdwan, West Bengal, India. Aerobiol., 2000;
16: 211-19.

84. Fang, Z., Ouyang, Z. and Hu, L. et al. Culturable
airborne fungi in outdoor environments in Beijing,
China. Sci. Total Environ., 2005; 350:47-58.

85. Panda, T., Panda, B. and Mishra, N. Seasonal
incidence of air borne fungi in Coastal Belt of
Orissa. J. Hum. Ecol., 2009; 26(3): 205-7.

86. González, V. and Tello, M. L. The endophytic
mycota associated with Vitis vinifera in central
Spain. Fungal Diversity, 2010; 47 (1): 29-42.

87. Riba, A., Bouras, N, Mokrane, S. et al.
Aspergillus section Flavi and aflatoxins in
Algerian wheat and derived products. Food
Chem. Toxicol., 2010; 48; 2772-77.

88. Ezekiel, C. N., Kayode, F.O., Fapohunda, S. O.
et al. Aflatoxingenic moulds and aflatoxins in
street-vended snacks in Lagos, Nigeria. In J. Food
Safety, 2012; 14: 83-8.

89. Ismail, M. A., Abo El-Maali, N. T., Omran, G.
A. and Nasser, N. M. Biodiversity of mycobiota
in peanut seeds, corn and wheat grains with
special reference to their aflatoxigenic ability. J.
Microbiol. Biotech. Food Sci. 2015; In Press.


