
Abstract 

The Algerian Sahara contains numerous hypersaline ecosys-
tems including salt lakes in which the fungal diversity has not
been characterized. The abundance and diversity of soil microo-
fungi in three salt lakes in south-eastern Algeria was investigated
together with their profiles of hydrolytic enzyme. Fungal popula-
tion size and relative abundance were determined in about 75 soil
samples by plate count. From 69 fungal isolates, 46.38% were
Aspergillus, 20.29% were Penicillium, and 11.59% belonged to
Cladosporium genus. The 69 isolates have been studied at differ-
ent constant temperatures and salinities. All fungal isolates are
halotolerant or halophiles with the ability to grow at 50°C. The
screening for extracellular halophilic enzymes at 40°C showed

that 69.57% of the isolates were able to produce at least two types
of the screened enzymes. Protease was the most abundant enzyme
detected in 60.87% of the total isolates. The results obtained of all
the growth tests indicate the adaptability of fungal isolates tested
to the extreme conditions and their possible utilisation as produc-
ers of halophilic-active hydrolytic enzymes.

Introduction 

Hypersaline ecosystems are typical of extreme environments
that are distributed all over the earth including deep sea, salterns,
solar salt and salt lakes.1 Algeria contains a large number of salt
lakes, with the majority extending across the northern and eastern
regions of the country.2 In Northern Africa and more specifically
in Algeria, salt lakes are called chott, which is an Arabic term for
dry salt depression occurring in arid regions. Chott Melghir and
chott Merouane are the two largest chotts in Algerian Sahara that
encompasses also several smaller salt lakes including: chott
Hamraia, Eddar, Tighdidine and Tindla.2,3 These ecosystems pro-
vide a diversity of environments where different extreme condi-
tions of salinity, solar radiation and high temperature together with
low precipitation and nutrient availabilities are found. Therefore,
organisms that survive in these conditions are considered as
extremophiles, which most of them are microorganisms.4,5

Microbial diversity in hypersaline environments has been
studied and more fully characterized for a long time, where most
of these studies were focused on prokaryotic microorganisms.
Although, halophilic fungi are promising models as eukaryotic
organisms, their diversity has only recently been surveyed.6
Halophilic fungi like other extremophiles are fascinating organ-
isms to be studied: they can increase our understanding of the rela-
tionship between organisms and their environment, as well as
unravelling the mechanisms of their adaptation to extreme condi-
tions.7,8 However, the halophilic behavior of most fungi isolated
from hypersaline environments is different from that of halophilic
prokaryotes, where halophilic fungi can adapt and grow in a wide
salinity range without requiring NaCl for their viability.9 In addi-
tion to the knowledge of behavior and adaptation mechanisms that
these fascinating organisms use to survive, halophilic fungi have
attracted the attention also as novel materials for the screening of
novel bioactive natural products that are highly stable and active
under extreme conditions with biotechnological interests.5,10

Recently, hydrolases and more particularly those involved in the
degradation of plant materials are widely produced and exploited
in diverse industrial sectors.11

The halophilic and halotolerant fungi have been found in a
wide range of hypersaline environments at various geographical
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regions.6,7,12,13 However, in Algeria all aspects related to micro-
biota (prokaryotes and eukaryotes) are poorly investigated. For
eukaryotic microbiota, Chamekh et al.14 have published the first
study on fungal diversity of the Great lake of Oran, located in the
north-west of Algeria, but in Algerian Sahara, excepting the report
of Dendouga et al.15 conducted in 2011 and 2012, no studies of
fungal content have been undertaken to date. Therefore, this study
was carried out to investigate the fungal diversity in three salt
lakes located in the north-east of Algerian Sahara, which were the
subject of the previous study. The extracellular hydrolases pro-
duction by the obtained isolates, their temperature and salt toler-
ances were also studied as indication of their adaptation to the
extreme environment.

Materials and Methods

Site description and soil sampling 
This work was carried out in three salt lakes, namely: chott

Merouane, chott Melghir and chott Tighdidine located in the north-
east of the Algerian Sahara (Figure 1). The main characteristics of
the studied area are summarized in Table 1. Soil samples (200g)
were collected in October 2014 from five different points around
each salt lake at a depth of 10 to 30cm. Five cm soil from the
ground surface was firstly removed to avoid contamination. The
collected soil samples were transported to the laboratory and
stored at 4°C for no more than 48h.
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Figure 1. Geo-localization map of the study area showing the three salt lakes (chott Melghir, chott Merouane and chott Tighdidine),
located in the Oued Righ Valley (Low Algerian Sahara). Intermittent streams and chott limits were digitized and superimposed on nat-
ural color Landsat 8 OLI image dated 2018 (www.usgs.gov).

Table 1. Main characteristics of the investigated sites.

Characteristics Site A (chott Merouane) Site B (chott Melghir) Site C (chott Tighdidine)

Latitude          34°02.433’         34°10.631’         33°31.366’
Longitude       05°58.748’         06°17.322’         06°02.181’
Tmax      50°C     55°C     50°C
Soil type      Clay       Clay          Sandy-clay
EC (ms/cm)       20.87         29.45         18.44
pH    7.73       7.89       8.97
OM (%)       0.67       0.26       0.46
Tmax: Maximum temperature (in July-August), EC: Electrical conductivity at 25°C, OM: Organic matter.
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Isolation and identification of fungi
Fungi were isolated on Potato Dextrose Agar (PDA) contain-

ing 10% of NaCl and 50 mg/L of chloramphenicol using the soil
dilution plate method.16 This method is especially applicable to
desert soils, where fungi may exist for a long period in a dormant
state (spore). The plates were incubated at 35°C, and examined
daily for developing colonies. All fungal colonies appearing on the
plates were counted and purified using the single spore technique.
Fungal isolates were identified at species level based initially on
phenotypic approaches. Morphological identification was per-
formed by observation of colony characteristics on selective media
recommended to each genus and by microscopic observations,
especially of reproductive structures. Phenotypic results were
compared to the taxonomic keys.17,18,19 Phenotypic characteriza-
tion of some isolates was completed by molecular identification by
sequencing the ITS1-5.8S-ITS2 rRNA region using the primers
ITS1 and ITS4.22

Physiological characterization of fungi
Salt tolerances were determined by the dry weight estimation

method.21 Agar plugs of 5 mm of diameter obtained from a fungal
pre-culture in PDA were inoculated into PDB supplemented with
various NaCl concentrations from 0 to 25% with 5% intervals. The
cultures were grown in 250mL Erlenmeyer flasks containing 50mL
of PDB medium with constant shaking (120rpm) for 15 days.
Temperature tests were done following the same procedure as
salinity, by incubating inoculated medium supplemented with 10%
of NaCl at 5, 15, 20, 40, 45, 50 and 55°C.

Fungal screening for extracellular hydrolytic enzymes
Extracellular enzyme production was screened on minimal

agar medium containing 10% of total salt and the substrate for each
hydrolytic activity as inducer.24 Substrates with their concentra-
tions were as follows: 0.2% of soluble starch for amylase produc-
tion, 1% of carboxymethylcellulose for cellulase, 0.3% of chitin
for chitinase, 1% of skim milk powder for protease, and 1% Tween
20 with 0.01% CaCl2 for lipase. Inoculation was made by transfer-
ring agar plugs of each fungal isolate at the center of corresponding
medium. All fungal tests were prepared in triplicate and non-inoc-

ulated plates with substrates were used as negative controls. Plates
were incubated at 40°C for 5-10 days. After incubation, the plates
were examined for the presence of a clear zone around the fungal
colony, indicating extracellular hydrolase activity. Cellulase and
amylase activities were revealed by flooding the plates with Congo
red and Lugol’s solution, respectively.

Results

Abundance of soil microfungi
A total of 69 microfungal isolates belonging to 11 genera were

obtained in this study. Aspergillus and Penicillium were the most
abundant genera and they were occurred almost in all samples
examined, comprising 46.38% and 20.29% of total fungi, respec-
tively. Cladosporium was also an abundant genus especially in
chott Melghir (site B), representing 11.59% of the total isolate
number (Figure 2). In addition, Aspergillus was the highest diverse
fungal genus with 8 species. Species more frequently isolated were
A. niger (14.49%), A. fumigatus (10.14%), and P. minioluteum
(8.69%). Among melanized fungi, Cladosporium cladosporioides
was the most prevalent species (7.25%), and appeared in the three
sites. Isolates belonging to the genera Trichoderma and
Chaetomium witch present a low relative abundance appeared only
in one site. Seven black sterile mycelia were also isolated.

Effect of salt and temperature on fungal growth
To study the salt tolerance of fungal isolates, each one was

grown at different concentrations of NaCl; measurement results
of mycelial dry weight are presented in Figure 3. The majority of
isolates tested in this study are halotolerant, and were able to
grow at salinity ranging 0-15% NaCl, with optimum growth at
10% of NaCl. While four isolates are categorized as halophilic
fungi, they were not able to grow in the absence of salt and
showed their optimal growth at 10-15% of NaCl. Alternaria
alternata (1) and Cladosporium cladosporioides (3) halophilic
isolates tolerated 20% of NaCl. Based on temperature results, all
tested isolates were capable of growing in the range of 20 to 50°C
(Figure 3). The majority of isolates obtained in this study are
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Figure 2. Relative abundance of microfungi (a:
% of total isolate number, b: % of total species
number) isolated from soil around three
Algerian salt lakes (site A: chottMerouane; site
B: chott Melghir; site C: chott Tighdidine)
during October 2014.
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thermotolerant; they were able to grow at temperatures in the
range 5 to 50 °C, with optimal growth at 40 °C. However, only
three isolates corresponding to Alternaria (1) and Ulocladium (2)
genera can be considered as thermophilic fungi based on their
inability to grow at < 20 °C. These isolates have preserved 50 %
of their grow biomass at 55 °C.

Screening for halophilic extracellular enzymes
Sixty-nine fungal isolates were tested on solid media to screen

amylase, cellulase, chitinase, protease and lipase activities in the
presence of 10% NaCl (Table 2). The results obtained showed that
69.57% of the isolates displayed at least two of the five-screened
activities. Protease was the most abundant activity detected in
60.87% of the total isolates. Amylase, cellulase and chitinase were
detected in an important number of Aspergillus and Penicillium
isolates with 49.28%, 47.83% and 42.03% of the total isolates
respectively. However, lipase activity was less frequently detected
than the other hydrolytic activities with 5.80% of the total fungal
isolates.

Discussion 

The first objective of the present research was to study the
abundance and diversity of fungi in soil around three salt lakes in
Algerian desert. Dendouga et al.15 published the first report on the
edaphic factors affecting the distribution of soil fungi in these three
salt lakes, which present an extreme environment, particularly
because of its salinity. A difference is noticed between the three
sites in the number of fungal isolates, explained probably by the
salinity of soil, the poorest site is chott Melghir, known by its high-
est salt level. In fact, salts concentration as a major factor affecting
soil microbial abundance has been the subject of several stud-
ies.10,12,15 In saline soil, osmotic stress and toxic ions result in dry-
ing and lysis of cells which reduce soil biomass.23 In this study, we
have characterized 69 isolates of microfungi belonging to 25
species dispatched into 11 genera. From this collection,
Aspergillus and Penicillium were the predominant genera in chott
Merouane (site A) and chott Tighdidine (site C); however
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Figure 3. Effect of salt concentration and temperature on fungal isolates growth.

Table 2. Screening result of the extracellular halophilic-active hydrolytic enzymes.

Genus                                Abundance                                                                  Enzymatic activities (N/%)
                                                                             Amylase                 Cellulase                 Chitinase                 Protease                    Lipase

Alternaria                                         3 (4.35)                            1 (1.45)                                 0                                        0                                  3 (4.35)                                  0
Aspergillus                                     32 (46.38)                        17 (24.64)                       22 (31.88)                        17 (24.64)                        13 (18.84)                          1 (1.45)
Aureobasidium                               2 (2.90)                                   0                                       0                                        0                                  2 (2.90)                                  0
Cladosporium                                8 (11.59)                           3 (4.35)                           1 (1.45)                            2 (2.90)                           7 (10.14)                           1 (1.45)
Chaetomium                                   1 (1.45)                            1 (1.45)                           1 (1.45)                                  0                                        0                                        0
Curvularia                                      2 (2.90)                                   0                                        0                                        0                                  2 (2.90)                                  0
Trichoderma                                  1 (1.45)                                   0                                        0                                        0                                        0                                        0
Penicillium                                   14 (20.29)                        12 (17.39)                        8 (11.59)                         10 (14.49)                        10 (14.49)                          1 (1.45)
Phialophora                                   2 (2.90)                                   0                                  1 (1.45)                                  0                                  2 (2.90)                                  0
Phoma                                             2 (2.90)                                   0                                        0                                        0                                  1 (1.45)                            1 (1.45)
Ulocladium                                      2 (2.90)                                   0                                        0                                        0                                  2 (2.90)                                  0
Overall                                              69 (100)                          34 (49.28)                       33 (47.83)                        29 (42.03)                        42 (60.87)                          4 (5.80)
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Cladosporium isolates were obtained particularly from chott
Melghir (site B). Our results are in agreement with other studies,
which reported that the abundance of melanized fungi seems
directly proportional to salt concentration, and at low salinity these
fungi are replaced by moniliaceous fungi, where Aspergillus and
Penicillium are the dominant.12,24 Concerning the prevalent
species, the present study revealed that A. niger, A. fumigatus, P.
minioluteum and C. cladosporioides were the most predominant
species and common in the three sites. This result was supported
by several studies conducted in desert and saline environments;
their dominance suggests that these species are highly adaptable to
extreme conditions.13-15,25,26

The second objective of the present research was the physiolog-
ical and biochemical characterization of these fungal isolates. This
can contribute to understanding the environmental functions of
fungi and their ecological adaptation to extreme habitats, as well as
the prediction of their potential biotechnological applications.
Regarding the stress of salinity, most fungal isolates obtained in this
study were moderate halotolerant; they grew in absence of salinity
with optimum growth at moderate concentration (10%) of NaCl. 27
However, only four isolates can be considered as halophilic fungi,
they have the capacity to grow at high concentration of NaCl (20%)
with their inability to grow in the absence of salt. All halophilic
fungi occurred in the present study were isolated from chott
Melghir; these results coincide with the high values of conductivity
in this site. Nevertheless, halotolerant and halophilic filamentous
fungi obtained in the present research are mainly cosmopolitan gen-
era and are known to be distributed worldwide occurring in differ-
ent soil types. These findings support the conclusion that saline and
arid soils do not harbor a characteristic mycobiota of specialized
taxa.7,28On the other hand, temperature tolerance tests showed that
the majority of isolates were thermotolerant, growing in the range
of 5 to 50 °C. The minimum and maximum growth temperatures are
used to distinguish between thermotolerant and thermophilic
fungi.29,30Based on these references, and particularly with regard to
the minimum growth temperature, only three unidentified isolates
belonging to Alternaria (1) and Ulocladium (2) genera are classi-
fied as thermophilic fungi by their ability to grow at 55°C, with
their lowest biomass production at 20°C. However, they were
retained 100% of the biomass production at 40°C such as thermo-
tolerant isolates. It is not surprising that the majority of isolates
grow best at high temperatures in view of their origin environment.
This characteristic with their ability to grow at low temperature,
may allow them to better adapt to the strong thermal fluctuations in
desert environments.31 Of particular interest, the four halophilic iso-
lates belonging to Alternaria alternata (1 isolate) and
Cladosporium cladosporioides (3 isolates) species, the same have
presented a high biomass at 50 °C. These species were described by
previous studies carried out in saline desert environment as halo-
and thermophilic melanized fungi.6,32 The dominance of melanized
species that are characterized by the presence of melanin pigment
in their cell walls and spores is considered as an adaptive strategy
of soil fungi to harsh desert climatic and edaphic conditions.26 It has
proved that under extreme conditions, including high irradiation
levels and salt concentrations, melanin granules are more densely
packed than in normal conditions that allow them to exert their pro-
tective function. That’s why melanized fungi exhibit improved
resistance to dehydration, and solar radiation, better than the monil-
iaceous fungi whose cells are devoid of melanin.33,34 In addition,
stress condition induced changes in lipid composition in the fungal
cell membrane, and especially an increase in fatty acid unsatura-
tion, which provides and maintains the right degree of fluidity nec-
essary for membrane function.32,35

The ability of fungi to synthesize essential compounds and
energy requires the production of enzymes involved in the degra-
dation and use of organic matter. We therefore tested the produc-
tion of five extracellular hydrolases in the presence of 10% of
NaCl at 40 °C by 69 isolates, as an indication of their adaptation to
the extreme environment. Enzymes tested in the current study
were: amylase, that catalyses the hydrolysis of starch, the major
carbohydrate reserve in higher plants; protease, an enzyme
involved in the degradation of plant and animal proteins; cellulase,
which catalyses the decomposition of cellulose, the most abundant
component in the biosphere; chitinase, an hydrolytic enzyme
responsible of chitin breakdown, which is a primary component of
fungal cell walls; finally, lipolytic enzymes whose biological func-
tion is to catalyse the hydrolysis of triacylglycerols. The obtained
results showed that the majority of isolates produced at least two
tested enzymes. This result can be considered as a proof of the abil-
ity of halophilic and halotolerant fungi to use several organic sub-
strates. In terms of abundance, these tests have also shown the
abundance of some enzymes compared to the other hydrolytic
activities. Protease was the most frequently detected activity under
the tested conditions. Similar results on fungal isolates from saline
environments have shown high caseinase activities with little
effect of salinity on enzyme production.25 Amylase, cellulase and
chitinase, which are ranked second after protease with almost
equal abundance, were detected in an important number of isolates
belonging to Aspergillus and Penicillium, the most abundant and
diverse genera. In this context, it has been reported that these ubiq-
uitous fungi, which are able to grow even in extreme environ-
ments, are the most important microorganisms contributing to the
decomposition of organic materials,36,37 and their extracellular
enzyme profiles can be a useful technique for their chemotaxono-
my.37,38 From lipase test, we have observed that only four isolates
from different genera exhibited lipase activity; we have also
deduced that no clear correlation exists between growth and
enzyme production, where some isolates have shown high colony
diameter without clear zones. The positive growth with negative
enzyme production may be explained by the ability of the fungus
to use other materials in the medium rather than the test substrate,
or that the medium inhibits its detection.39

Conclusions

In conclusion, fungal species described in the three salt lakes
are common with similar studies on fungi from saline and desert
environments with the dominance of melanized fungi in the most
saline site, this dominance can be considered as an adaptive strat-
egy of soil microfungi to harsh these conditions. However, further
studies are necessary to understand fungal communities’ composi-
tion and their adaptation mechanisms in these habitats. The
obtained results showed also that Algerian salt lakes can serve as a
source of isolation of halotolerant and halophilic fungi, which
could be considered as potential producers of halophilic-active
hydrolytic enzymes.
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