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Isolation some fungi from extreme source under extreme media and these were 

42 species related to 14 genera of acidiphilic or/ aciditolerant fungi were collect-

ed from mud and salt crusts of Wadi El- Natrun lakes on Czapek Dox agar ad-

justed at pH 4 and  pH 5 during the seasons of study. Aspergillus and Penicilli-

um were the most common genera of the total propogules on the two pH levels.  

© Society of Agriculture, Food and Environment (SAFE) 

 
Introduction 

The Wadi El-Natrun Depression is situated at the western 

side of the Nile Delta of Egypt and includes some water bod-

ies characterized by high salinity. Wadi El-Natrun area is a 

part of the Western (Libyan) desert adjacent to the Nile Del-

ta. It belongs to the Behira Governorate. It is a narrow de-

pression located approximately 90 km south of Alexandria 

and 110 km North West of Cairo. 

Wadi El-Natrun depression includes two principal ecosys-

tems, the salt marsh ecosystem of the depression, and the 

gravel desert ecosystem of the surrounding highlands (Zah-

ran and Girgis, 1970). 

Most fungi living in acidic habitats should be regarded as 

acid-tolerant rather than strictly acidiphilic because they are 

also able to grow under neutral or even alkaline pH. Acidic 

natural environments having pH ranges from 3 to 4 are rela-

tively common and include soils, lakes, swamps and peat 

bogs (Middelhoven et al., 1992). 
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Extreme acidic environments, having pH values < 3, are 

found in many parts of the world and are of both natural and 

anthropogenic origin. Natural acidic habitats with pH ranges 

from 1 to 3 are mainly solfatara soils and have been reported 

in U.S.A., Japan, Russia, Italy, Iceland and New Zealand. 

The mechanisms with which hyperacidophiles cope with 

their environment by pumping protons out of the cell and by 

establishing a low proton membrane permeability to main-

tain a relatively neutral pH (Nicolay et al., 1987). Fungi are 

probably common in the acidic environment because of this 

internal pH regulation (Gross and Robbins, 2000). Raven 

(1990) provided that pH is an all‐pervasive variable in the 

environment of phototrophs. Phototrophs as a whole can 

grow over essentially the whole range of pH values found in 

nature.  

The fungal community in acidic soils has been studied exten-

sively (Gross and Robbins, 2000). Nagai et al., (1995) isolat-

ed thirty fungal species from acidic soils samples in Japan on 

slightly acidic medium and the comprised most commonly 

species were Mortierella, Mucor, Trichoderma, Gliocladium 

and Fusarium  Also Nagai et al., (1998) isolated sixteen on 

slightly acidic medium (cornmeal agar) from alkaline soils in 

Japan of which species were recorded: Chaetomium, 

Cladosporium, Cylindrocarpon, Epicoccum, Geomyces, 

Mortierella, Mucor, Paecilomyces, Penicillium, Pestalo-

tiopsis, Trichoderma. 

A detailed listing of acidiphilic and acid-tolerant fungi grow-

ing in pH < 4 environments, primarily soils has been com-

piled by Gross and Robbins, (2000) including 81 fungal spe-

cies and yeasts and  Ascomycetes (1 species), Zygomycetes 

(16 sp), yeasts (8 sp) and Mitosporic (56 sp). 

All the isolated Ascomycota, Talaromyces species were the 

most sensitive to high pH, although they were isolated at pH 

6 to pH 11. Their anamor pH levels belonging to Penicillium 

preferred acid pH (Gams, 1992). 

Humicola fusco-atra and Trichoderma koningii, and all spe-

cies of Zygomycetes (Absidia spinosa, Coemansia pectinata, 

Mortierella alpine, and Mortierella sp., Mucor hiemalis, and 

Rhizopus stolonifer) were exclusively isolated on slightly 

acidic cornmeal medium, pH 6 collected from disturbed and 

undisturbed forests in Argentina (Cabello and Arambarri, 

2002). 

Most species of terrestrial fungi are considered to germinate 

and grow well in weakly acidic to neutral pH range (Park, 

1968). Several poly-extremophiles thrive in various ranges of 

pH, from milder solutions to very acidic media (Seckbach, 

2005). The Acontium cylatium, Cephalosporium spp., and 

Trichosporon ceribriae were growing at near pH 0 (Schleper 

et al., 1995).  
 

Materials and Method 

Collection of samples 

Samples (salt crusts and mud) were collected during January 

2006 – May 2007, from eight lakes (Fasida, Umm-Risha, 

Rosetta, Hamra, El El Zugm, Al Beida, Khadra, Al Gaar) of 

Wadi El-Natrun (depression) region, Egypt. 

Mud samples were collected at random from different sites 

inside and along shore of lakes. 

Salt crust samples were collected at random from mineral 

formation present along shores of Lake.  

 

Isolation of fungi 

From mud and salt crusts 

The dilution plate method was used for enumeration of dif-

ferent fungal species as described by Johnson et al., (1972) 

and employed in this laboratory by Moubasher et al. (1977). 

 

Media used for isolation of acidiphilic and aciditolerant 

fungi 

Modified Czapek Dox agar media in which pH was adjusted 

at 4 or 5 using diluted HCl for isolation of acidiphilic and 

aciditolerant fungi 

 

Identification of fungi 

The following references were used for the identification of 

fungal genera and species (purely morphologically, based on 

macroscopic and microscopic features). 

 

Results and discussion 

Acidophilic and acidotolerant fungi in mud collected 

from Wadi El- Natrun lakes. 

Twenty nine species related to 11 genera of acidiphilic or/ 

aciditolerant fungi were recovered on Czapek Dox agar ad-

justed at pH 4 (19 species and 9 genera) and pH 5 (20 and 9). 

Aspergillus and Penicillium were the most common genera 

constituting 88% and 85.6% of the total propogules on the 

two acidic (pH 4 and pH 5) media compared to 76% on the 

control medium. The results were in agreement with Ismail 

et al. 2017 who found Penicillium was the second most dom-

inant behind Aspergillus in the mud from Wadi El- Natrun 

lakes.  Contrary to our results, Lee and Baker (1971) found 

Trichoderma (2 species) to be the most common followed by 

Penicillium (14), Fusarium (7), and Aspergillus (6) from the 

Hawaiian mangrove swamp soil. Aspergillus (88.0%, 85.6% 

of the total propagules, respectively) was the most common-

ly encountered fungus in mud of the 8 lakes on control as 

well as on both acidic media. The peak of Aspergillus was 

recorded from Al Gaar during spring 2007 at both pH levels. 

The number of Colony Forming Units (CFUs) of Aspergillus 

recorded from the 8 lakes during the 6 seasons of study was 

regularly higher on medium adjusted at pH5 than at pH4 and 

both were higher than those recorded on the control medium. 

A. terreus (55.8% and 55.2%), A. fumigatus (23.5% and 

18.7%), A. niger (16.5%, 20.1%) and A. flavus (7.7% and 

5.7%) were recorded from all lakes during all seasons of 

study. The remaining Aspergillus species were recorded ei-

ther from 4 lakes: A. carbonarius (Hamra, El Zugm, Rosetta 

and Al Gaar during spring and summer 2006), 3 lakes: A. 

ochraceus (El Zugm, Khadra and Fasida during autumn 2006 

and winter 2007), 2 lakes: A. phoenicis (Al Gaar and Khadra 

during spring and summer 2006) or one lake: A. aculeatus 

(from Khadra during summer 2006) and A. sydowii (from 

Rosetta during spring 2006). In previous reports, the genus 

Aspergillus was abundant and is considered one of the most 

characteristic taxa of arid mycobiotas (Grishkan et al. 

2003a,b; Klich, 2002) and mycobiotas of saline soils (Mou-

basher et al., 1993; Abdel-Hafez et al., 2009). 

Gupta and Prabhakaman, (1990) isolated also several species 

of yeasts and filamentous fungi from the benthic sediment 

samples collected from the east coast of India belonging to 

the genera Aspergillus, Penicillium, Fusarium, Cladospori-

um and Alternaria. Of Aspergillus, A. flavus, A. fumigatus 

and A. niger were reported. 

Penicillium (8 species) came behind Aspergillus in its count 

comprising 5.8% and 5.7% on both acidic media compared 

to 12.8% of the total fungi on the control medium. Pencilli-

um was recorded from all lakes except El Zugm during al-

most all seasons of study. The peak of Penicillium was rec-

orded from Rosetta during summer 2006 at both pH levels. 

P. chrysogenum (1.8% and 1.2%) and P. puberulum (0.8% 

and 1.2%) were both recorded during 3 seasons of study 
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(summer, autumn and spring), however the former was rec-

orded from all lakes except Al Beida and El Zugm lakes and 

the latter was recorded from 4 lakes (El Zugm, Rosetta, 

Umm Risha and Khadra). The remaining Penicillium species 

were recorded either from 3 lakes: P. duclauxii (Hamra, Ro-

setta and Al Gaar) during 3 seasons (summer, autumn and 

spring), 2 lakes: P. funiculosum (Al Beida and Fasida during 

summer 2006 and spring 2007), P. purpurgenum (Hamra and 

Umm Risha during autumn 2006), or from Hamra Lake only: 

P. echinulatum (autumn 2006), P. expansum and P. oxalicum 

(summer 2006), P. janczewskii (spring 2006).These results 

are in agreement with those reported by Gams,(1992) who 

found that Penicillium species prefer acid pH. Also, Elíades 

et al (2004) found P. purpurogenum as most common from a 

native forest in Argentina followed by P. chrysogenum and 

Penicillium spp. on acidic medium adjusted at pH5. (Gupta 

and Prabhakaman, 1990) isolated P. chrysogenum and some 

unidentified Penicillium species from the benthic sediment 

samples in the east coast of India. On the other hand, (Lee 

and Baker,1972) isolated 14 species of Penicillium from the 

mangrove swamp soil (pH ranged from 5.5-6.0) and these 

were P. corylophilum, P. decumbens, P. diversum, P. funicu-

losum, P. frequentans, P. janthinellum, P. lilacinum, P. meli-

nii, P. ochrochloron, P. oxalicum P. purpurogenum, P. sim-

plicissimum, P. variabile, P. vermiculatum and Penicillium 

sp. 

Fusarium (0.5% of the total fungi on both acidic media) and 

its dominant species F. solani were recorded from 5 lakes (El 

Zugm, Rosetta, Umm Risha, Al Gaar and Fasida). The peak 

of Fusarium was recorded from El Zugm during spring 2007 

at both pH levels while Emericella (0.5% and 0.2%) and its 

dominant species E. nidulans(0.3% and 0.1%) was recorded 

from 4 lakes (El Zugm, Rosetta, Umm Risha and Al Gaar) 

with the highest number of CFUs being recorded from Umm 

Risha during spring 2006 at both pH levels. Both genera 

were recorded during 2 seasons of study (spring and sum-

mer). E. quadrilineata was recorded from Umm Risha Lake 

during spring 2006. In this respect, Lee and Baker (1972) 

isolated seven species of Fusarium from the mangrove 

swamp soil (pH ranged from 5.5-6.0) and these were Fusari-

um bostrycoides, F. dimerum F. lateritium F. roseum F. 

solani, F. sporotrichioides and Fusarium sp. Elíades et al. 

(2006a) isolated also F. oxysporum, F. solani in addition to 

some other unidentified Fusarium species from xeric forest 

soils in Argentina on acid media with pH 5 and 6. The re-

maining fungal species were recorded from 3 lakes: Tricho-

derma spp. (El Zugm, Al Gaar and Fasida during spring and 

summer), 2 lakes: Cladosporium sphaerospermum (Umm 

Risha and Fasida during spring and autumn 2006) or one 

lake: Acremonium furcatum, A. strictum (both Hamra during 

autumn 2006), Cladosporium cladosporioides (Rosetta, 

spring 2007), Cochliobolus tuberculatus (Hamra, spring 

2007), Eurotium chevalieri (El Zugm, spring 2006), Fennel-

lia flavipes (Umm Risha, spring 2007), Humicola grisea 

(Rosetta, spring 2006) and H. insolens (Fasida, spring 2006) 

(Table 1). In earlier reports, Trichoderma (represented by T. 

viride and T. glaucum) was the most common genus in the 

mangrove swamp soil in Hawaiian (pH ranged from 5.5-6.0) 

(Lee and Baker, 1972), while it (as T. hamatum and T. kon-

ingii) was moderately isolated from soil on acid media of pH 

5 or 6 (Elíades et al., 2004). Also, (Gupta and Prabhakaman, 

1990) isolated species of Cladosporium, Fusarium and Al-

ternaria from the benthic sediment samples in the east coast 

of India. Cantrell et al., (2006) recorded also Aspergillus 

japonicus, Aspergillus sp., Chaetomium globosum, 

Cladosporium cladosporioides, Penicillium variabile and 

Penicillium sp. in addition to many isolates of dark and white 

sterile mycelia from sediment samples collected from hyper-

saline environments of solar salterns. 

The current results show that some species could be isolated 

on medium adjusted at pH5 (Humicola insolens, Emericella 

quadrilineata, Penicillium echinulatum, P. expansum, P. 

janczewskii and P. funiculosum) not on alkaline media. 

 

 

Table 1. Summarized of acidiphilic and aciditolerant fungi from mud in different lakes of Wadi El –Natrun. 

 

Fungal taxa Hamra Al Beida El Zugum Rosetta Umm Reisha Al Gaar Khadra Fasida 

Acremonium 4        

A. furcatum 4        

A. strictum 4        

Aspergillus 23456 23456 2356 2346 2346 2346 12346 2356 

A. aculeatus       3  

A. carbonarius 3  2 2 2    

A. flavus 23 235 26 26 2 2346 246 23 

A. fumigatus 6 236 356 2 26 236 26 36 

A. niger 35 234 26 2346 246 236 2346 23 

A. ochraceus   5    4 5 

A. phoenicis      2 3  

A. terreus 6 3 256 236 2346 236 246 256 

Cladosporium    6 2   4 

C. cladosporioides    6     

C. sphaerospermum     2   4 

Cochliobolus tuber-

culatus 

6        

Emericella   2 2 2 3   

E. nidulans   2 2 2 3   

E. quadrilineata     2    

Eurotium chevalieri   2      

Fennellia flavipes     6    

Fusarium solani   6 6 2 3  6 

Humicola    2    2 

H. grisea    2     

H. insolens        2 
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Fungal taxa Hamra Al Beida El Zugum Rosetta Umm Reisha Al Gaar Khadra Fasida 

Penicillium 46 23  2346 2134 2 2 236 

P. chrysogenum 46   36 23 2 2 2 

P. duclauxii 4   36  2   

P. echinulatum    4     

P. expansum    3     

P. funiculosum  3      36 

P. janczewskii    2     

P. oxalicum    3     

P. puberulum   3 23 24  2  

P. purpurgenum 4    4    

Pencillium spp.  2 3  4    

Trichoderma spp   36   2  6 

No. of genera (11) 4 2 6 6 5 5 2 6 

No. of species (29) 11 5 11 16 13 10 9 10 
 

1 = winter 2006, 2 = spring 2006, 3 = summer 2006, 4 = autumn 2006, 5 = winter 2007 and 6 = spring 2007 

 

Acidiphilic and aciditolerant fungi in salt crusts collected 

from Wadi El- Natrun lakes. 

Thirty four species related to 11 genera of acidiphilic and 

aciditolerant fungi were recovered on Czapek Dox agar ad-

justed at pH 4 (27 species and 10 genera) and pH 5 (31 spe-

cies and 10 genera). 

 Aspergillus (10 species), Emericella followed by Penicilli-

um (9) and Fusarium were the most common genera at both 

pH levels. Studies of (Siegel and Siegel, 1979) have shown 

that Penicillium and Aspergillus could grow in a variety of 

brines or on moist salt crystals, simulating a range of natural 

terrestrial habitats such as salt flats, or special water-bodies. 

On other hand, (Mabyalwa and Mathabatha, 2006) found 

Scopulariopsis to be more dominant and could be isolated 

from the solar salterns, South Africa consecutive evaporation 

ponds, whereas Verticillium was infrequent. 

Aspergillus was the most commonly encountered fungus in 

salts of the 8 lakes on acidic media as well as the control 

medium. It comprised 86.1% and 80.1% of the total propa-

gules on both media respectively. Its highest CFUs was rec-

orded from Al Beida during spring 2006. The total CFUs of 

Aspergillus recorded from the 8 lakes during the 6 seasons of 

study was higher on medium adjusted at pH4 than on medi-

um adjusted at pH5 and both were higher than that on the 

control medium. Of Aspergillus, A. terreus (13.5 % and 

19.8%) was the most commonly encountered fungus, recov-

ered from all lakes except Khadra during almost all seasons 

while A. flavus (24.1% and 16.1%), A. niger (26.8% and 

26.5%) and A. fumigatus (3.9% and 12.6%) were recovered 

from all lakes during almost all seasons of study. A. car-

bonarius was isolated in salts of 5 lakes during spring, sum-

mer and autumn 2006. The remaining Aspergillus species 

were recorded from either 3 lakes: A. phoenicis from Umm 

Risha, Al Gaar and Khadra during spring, summer and au-

tumn 2006) or from 1 lake during spring 2006: A. aculeatus, 

A. puniceus (both from Al Beida), A. sydowii (Fasida) and A. 

ustus (El Zugm). 

Emericella total counts were higher at pH5 than those on 

pH4. Emericella (represented by 2 species) was recorded 

from 2 lakes during spring and summer 2006. E. nidulans 

(0.2% and 3.8%) was isolated from (El Zugm during spring 

2006 and Fasida during summer 2006) while Emericella 

quadrilineata (0% and 1.3%) was isolated from (El Zugm 

during spring 2006). Shearer, (1972) showed that the ratio of 

Ascomycetes to Fungi Imperfecti increased with increasing 

salinity, while the number of species generally decreased. 

Penicillium was higher at both pH levels (3.6% and 4.6%). It 

was recovered from all lakes during almost all seasons. The 

peak of Penicillium was recorded from Rosetta on medium 

adjusted at pH4 while at pH 5 from Khadra during winter 

2007. P. chrysogenum (1.7% and 2.0%) was recorded from 

all lakes except Hamra during 4 seasons of study. P. puberu-

lum was isolated in 5 lakes during 3 seasons (spring, summer 

and autumn) while P. viridicatium was recorded from 4 lakes 

(Hamra, Al Beida, Rosetta and Al Gaar during summer and 

autumn 2006 and winter 2007). The remaining Penicillium 

species were recorded from 3 lakes: P. duclauxii (El Zugm, 

Rosetta and Al Gaar during summer and spring), P. oxalicum 

(Rosetta, Al Gaar and Khadra during 4 seasons of study) or 

from 1 lake: P. funiculosum (Rosetta, summer 2006), P. 

griseofulvum (Al Gaar, autumn 2006), P. purpurgenum (Ro-

setta, summer 2006). These results are in agreement with 

those reported by Ismail et al., (2017). Also, Gams, (1992) 

who found that Penicillium species prefer acid pH.  Elíades 

et al. (2004) reported also P. purpurogenum followed by P. 

chrysogenum to be isolated on acidic media adjusted at pH5.  

Fusarium CFUs were much less at both pH levels (0.5% and 

0.6%, respectively) than those on the control medium. 

Fusarium (represented by 4 species) and its dominant species 

F. solani (0.5% and 0.3%) were recorded from salts of only 

two lakes (Rosetta during autumn and spring 2006 and 2007 

and Umm Risha during spring 2006 and 2007). The remain-

ing Fusarium species were recorded from Rosetta lake dur-

ing only one season: F. oxysporum and F. subglutinans (au-

tumn 2006), F. semitectum (spring 2006). In agreement with 

current results, (Elíades et al., 2004, 2006a) found that F. 

oxysporum and F. solani were the most common on acidic 

media. 

The remaining fungi were recorded from salts of either 2 

lakes: Acremonium strictum (Hamra and El Zugm during 

summer and autumn 2006), Stachybotrys chartarum (El 

Zugm and Rosetta during autumn and spring 2006) or one 

lake: Acremonium hyalinulum, Alternaria alternata, A. tenu-

issima (each from El Zugm during autumn 2006), 

Cladosporium cladosporioides (Fasida, autumn 2006), 

Cochliobolus australiensis (Rosetta, autumn 2006), Humi-

cola grisea (Fasida during spring and summer 2006), Ni-

grospora sphaerica (Rosetta, spring 2007) and Paecilomyces 

lilacinus (El Zugm, spring 2006) (Table 2). In this respect, 

Bhatnagar and Bhatnagar (2005) found that the dominant 

fungal genera in desert soil crusts were Alternaria, Fusarium 

and Phialomyces whereas in non-crusted soils were Alter-

naria and Penicillium followed by Fusarium. Also, Cantrell 

et al., (2006) isolated A. japonicus, Aspergillus sp., Chaeto-

mium globosum, Cladosporium cladosporioides, P. variabile 

and Penicillium sp. and many isolates of dark and white ster-

ile mycelia from sediment samples collected from hyper-

saline environments of solar salterns (salterns salt ponds). 
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The current results show that some species could be isolated 

on medium adjusted to pH4 (Aspergillus puniceus) or pH5 

(Cochliobolus australiensis, Paecilomyces lilacinus and Pen-

icillium crustosum) but not on alkaline media. 

 

Table 2. Summarized of acidiphilic and acidtolerant fungi from salt crusts in different lakes of Wadi El –Natrun. 

 

Fungal taxa Hamra Al Beida El Zugum Rosetta Umm Reisha Al Gaar Khadra Fasida 

Aspergillus 236 23456 2356 2346 23456 2346 135 256 

A. aculeatus  2       

A. carbonarius  2 2 4  2 3  

A. flavus 25 23456 236 236 23456 246 135 26 

A. fumigatus 356 34 26 3 2 26 1 6 

A. niger 256 236 2 2346 246 236 13 26 

A. phoenicis    4  2 3  

A. puniceus  2       

A. sydowii        2 

A. terreus 23 3 2356 2346 26 6  25 

A. ustus   2      

Cladosporium        4 

C. cladosporioides        4 

Cochliobolus    4     

C. austaliensis    4     

C. tuberculatus    4     

Emericella   2     3 

E. nidulans   2     3 

E. quadrilineata   2      

Fusarium    246 2    

F. oxysporum    4     

F. semitectum    2     

F. solani    46 2    

F. subglutinans    4     

Humicola grisea        23 

Nigrospora sphaerica    6     

Paecilomyces lilace-

nus   2      

Penicillium 25 56 26 36 4 24 5 6 

P. chrysogenum  6 2 3 4 4 5 6 

P. crustosum        6 

P. duclauxii   6 3  2   

P. funiculosum    3     

P. griseofulvum      4   

P. oxalicum    36  4 5  

P. puberulum   2  4 4 5 6 

P. purpurgenum    3     

P. viridicatium 5 5  3  4   

S. rostrata    4     

Stachybotrys   4 46     

S. chartarum   4 46     

No. of genera  2 2 5 7 3 2 2 5 

No. of species  5 13  22 7 12 8 11 
 

1 = winter 2006, 2 = spring 2006, 3 = summer 2006, 4 = autumn 2006, 5 = winter 2007 and 6 = spring 2007 

 

Conclusion  

A total number of acidiphilic and aciditolerant fungi (42 spe-

cies related to 14 genera) were collected from mud and salt 

crusts of Wadi El- Natrun lake. Aspergillus and Penicillium 

were the most common genera of the total propogules on the 

two pH levels.   

 

References 

Abdel-Hafez, S.I.I. Ismail, M.A. Hussein, N.A. and Nfady, 

N.A. 2009. The diversity of Fusarium species, in Egyp-

tian soils, with three new record species, Assiut Universi-

ty Journal of Botany, 1: 129-147. 

Bhatnagar, A. and Bhatnagar, M. 2005. Microbial diversity 

indesert ecosystems. Current Science, 89: 91–100. 

Cabello, M.N. and Arambarri, A. M. 2002. Diversity in soil 

fungi from undisturbed and disturbed Celtistala and Scu-

tiabuxifolia forests in the eastern Buenos Aires province 

(Argentina). Microbiol. Res. 157: 115-125. 

Cantrell, A.S., Casillas-Martinez, L. and Molina, M. 2006. 

Characterization of fungi from hypersaline environments 

of solar salterns using morphological and molecular 

techniques. mycological research 110: 962 - 970. 

Elíades, L., Cabello, M. and Voget, C. 2006a. Soil microfun-

gi in Celtistala and Scutiabuxifolia forests in eastern 

Buenos Aires Province (Argentina). Journal of Agricul-

tural Technology 2(2): 229-249. 

Elíades, L.A., Bucsinszky, A.M. and Cabello, M. N. 2004. 

Micobiota alcalofilica y alcalino-tolerante en suelos de 

bosques xéricos en una localidad de la Provincia de Bue-

nos Aires, Argentina. Bol. Micol. 19: 41-47. 

Gams, W. 1992. The analysis of communities of saprophytic 

microfungi with special reference to soil fungi. In: Win-



Gouda et al., 2020 

                                                    J. Agric. Food Environ. 1(2): 23-28, 2020         28 

terhoff W (ed) Fungi in vegetation science. Kluwer, Dor-

drecht, 182– 223. 

 Gomes, J., Gomes, I., Steiner, W. and Esterbauer, H., 1992. 

Production of cellulase and xylanase by a wild strain of 

Trichoderma viride. Applied Microbiology and Biotech-

nology36:701–707. 

Grishkan, I., Nevo, E. and Wasser, S.P. 2003a. Micromycete 

diversity in the hypersaline Dead Sea coastal area. Myco-

logical Progress 2 (1): 19–28. 

 Grishkan, I., Nevo, E. and Wasser, S.P. 2003b. Micromycete 

diversity in the hypersaline Dead Sea coastal area. My-

colog.Prog. 2: 19-28. 

Gross, S. and Robbins, E.I. 2000. Acidophilic and acid-

tolerant fungi and yeasts. Hydrobiologia 433: 91–109. 

 Gupta, R. and Prabhakaran, N. 1990. Fungi isolated from 

the EEZ of Indian coast. National Institute of Oceanogra-

phy, India. Proceeding of first Workshop on Scientific 

Results of FORV SagarSampada, 5 (7): 37-46. 

Ismail, M. A., Moubasher, A. H., Mohamed, R. A., & Al-

Bedak, O. A. 2017. Extremophilic fungi and chemical 

analysis of hypersaline, alkaline lakes of Wadi-El-

Natrun, Egypt. International Journal of Technical Re-

search and Science, 1(10), 345-363. 

Johnson, L.F., Eiroy, A. and Curl 1972. Methods for research 

on the ecology of soil-borne plant pathogens. 426 so. 6th 

st., Minneapolis, MN 55415: Burgress publishing Com-

pany. 

Klish M.A. 2002. Identification of common Aspergillus spe-

cies. Central bureauvoor Schimmel cultures, Utrecht, the 

Netherlands. 

Lee, B. KH. And Baker, G. E. 1972. An ecological study of 

the soil microfungi in a Hawaiian mangrove swamp. Pac 

Sci 26 (1): 1-10. 

Mabyalwa, M.M., Mathabatha, E.S. 2006. identification of 

endomannanase-Producing microfungi from Hypersaline 

Environments. Current Microbiology 52: 477–481. 

 Middelhoven, W. J., Koorevaar, M. and Schuur, G.W. 1992. 

Degradation of benzene compounds by yeasts in acidic 

soils.Plant Soil 145: 37–43. 

Moubasher, A. H. and Abdel-Hafez, S.I.I. 1977. Effect of 

levels of carbon from various organic substrates on Egyp-

tian soil fungi. Bulletin of Faculty of Science, Assiut 

University 6: 51-74. 

Moubasher, A.H., El-Naghy, M.A., Maghazy, S.M., El-

Gendy, Z. 1993. Dermatophyte and Cyclohexamide-

resistant fungi isolated from patients with Tinea capitis 

and from air in hospitals in Minia, Egypt. The Korean J. 

Mycol. 21: 77-84. 

Nagai, K., Sakai, T., Ratiatmodjo, T., Suzuki, R. M., Gams, 

K.W. and Okada, G.  1995. Studies on the distribution of 

alkalophilic and alkali-tolerant soil fungi I. Mycoscience 

36: 247-256. 

Nagai, K., Suzuki, K. and Okada, G. 1998. Studies on the 

distribution of alkalophilic and alkali-tolerant soil fungi 

II: Fungal flora in two limestone caves in Japan. Myco-

science 39: 293- 298 

Nicolay, K., Veenhuis, M., Douma, A. C. and Harder, W. 

1987. A 31P NMR study of the internal pH of    yeast pe-

roxisomes.Arch. Mikrobiol. 147: 37–41. 

Park, D. 1968. The ecology of terrestrial fungi. In: "The fun-

gi, voL 3," (ed. By Ainsworth, G, C. and Sussman, A, S), 

pp. 5-39, Academic Press, New York. 

 Raven, J. A., 1990. Sensing pH?. Plant Cell Environ. 13: 

721–729. 

Schleper, C., Pűhler, G., Kühlmorgen, B. and Zillig, W. 

1995. Life at extemely low pH. Nature 375: 741–742. 

 Seckbach J. 2005. The relevance of halophiles and other 

extremophiles to martian and extraterrestrial environ-

ments. Adaptation to Life at High Salt Concentrations in 

Archaea Bacteria, and Eukarya, 123-136. 

Shearer, C. 1972. Fungi of the Chesapeake Bay and its tribu-

taries. III. The distribution of wood-inhabiting Ascomy-

cetes and Fungi Imperfecti of the Patuxent River. Am. J. 

Bot. 59: 961-69. 

Siegel, B.Z. and Siegel, S.M. 1979. In J. Nriagu (ed.), Bio-

geochemistry of Mercury in the Environment, Else-

vier/North Holland Biomedical Press, Amsterdam, pp. 

131–159. 

Zahran, M.A. and Girgis, W.A. 1970. On the Ecology of 

Wady El-Natrun. Bull. Inst. Desert Egypte, 20(1): 229-

67. 

 

 


