
D

S

A

D

D

A

S

D 

J Appl Biotechnol Rep. 2024 June;11(2):1322-1333 

  Journal of 

1- Applied Biotechnology 

 Reports 

   

 

 Original Article 

 doi  10.30491/JABR.2024.421027.1682 

 

Copyright © 2023 The Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution License (http:// 

creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly 

cited. 

Diversity, Tolerance and Antioxidant Enzymes of Indigenous 

Fungi Isolated from Xerophytes Grown in Stressed Soil 

Norhan H. F. Soror
 1   

, Tahany M. A. Abdel-Rahman
 1   

, Dalia M. I. Ali
 1*   

, Eman Abdullah M. Ali
 1 

1 
Botany and Microbiology Department, Faculty of Science, Cairo University, 12613, Giza, Egypt 

 

Corresponding Author: Dalia M. I. Ali, PhD, Professor, Botany and Microbiology Department, Faculty of Science, Cairo University, 

12613, Giza, Egypt. Tel: +201110071371, E-mail: dibrahim@sci.cu.edu.eg  

 

Received October 20, 2023; Accepted February 6, 2024; Online Published June 20, 2024 

 

Introduction  

Plants are subjected to various environmental stresses 

stimulated by living organisms, from which they cannot 

escape because of their immobility. The main abiotic factors 

that injure plants include low or high temperatures, salt 

stress, drought, acidic environments, heavy metal stress, 

nutritional stress, and starvation.1 Living organisms, such as 

viruses, bacteria, fungi, insects, parasites, and weeds, cause 

plant damage, known as biotic stress. Abiotic stresses such 

as salinity, high temperatures, and drought have a negative 

impact on crop production. One technique for coping with 

the detrimental impacts of unfavorable environmental 

conditions is the development of stress tolerance in plants.2 

Plants develop diverse physiological, biochemical, and 

molecular mechanisms to combat these stressors.3 Over the 

past few decades, changes in the Earth's climate have caused 

irregular and erratic precipitation in addition to an increase 

in temperature, the emergence of drought-prone regions, and 

the intensification of abiotic stress impacts on crops.4 

Erosion, soil degradation, and salinity affect approximately 

5.2 billion hectares of agricultural land.5 Soil salinization 

occurs when water-soluble salts build-up in the soil to the 

point where they adversely affect agricultural production, 

environmental health, and the economy. Salinity affects the 

metabolism of soil organisms and reduces soil productivity 

during the early stages. However, in later stages, it 

obliterates all plants and other species living in the soil, 

converting fertile and productive land into barren and 

desertified areas.6,7 In general, saline soil has an 

exchangeable sodium content of 15%, and in the root zones, 

saturation extract has an electrical conductivity (EC) 

exceeding 4 dS m-1 (about 40 mM NaCl) at 25 0C. At this 

EC, the majority of the crop yields decreased.8,9 

Primary salinity, resulting from the long-term natural 

buildup of salts in the soil or surface water, is the primary 

cause of salinity in the soil. This natural process is induced 

mainly by the weathering of parent materials containing 

soluble salts due to the breakdown of rocks containing Cl-, 

Na+, Ca2+, and Mg2+, as well as occasionally SO4
2− and 

CO3
2−. Furthermore, sea salt deposits carried by wind also 

affect the soil type. The second reason for soil salinity is 
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human-induced salinity, which results from anthropogenic 

activities that disturb the hydrological balance of the soil 

between applied water (via irrigation or rainfall) and water 

utilized by crops.9,10 

Soil pH significantly impacts soil biogeochemical 

activity in the natural environment. It affects various soil 

chemical, biological, and physical properties as well as 

processes that affect plant development and biomass yield. 

The soil pH is a "master soil variable".11 Root strength, shoot 

and root development, and seedling survival rates were all 

significantly decreased by alkaline stress. Additionally, there 

was significant root cell damage, as seen by enhanced 

membrane injury, a buildup of malondialdehyde, and Evans 

Blue staining in alkaline soil. A substantial buildup of 

superoxide anions (O2
•−) and hydrogen peroxide (H2O2) was 

induced by alkaline stress. The build-up of reactive oxygen 

species (ROS) is intimately related to root cell damage under 

alkaline conditions. Moreover, under this stress, the 

antioxidant activities of catalase (CAT), superoxide dismutase 

(SOD), ascorbate peroxidase (APX), and peroxidase (POX) 

increased in the roots, most likely in response to cellular 

damage caused by oxidative stress.12  

Recent studies have shown that endophytic fungi (which 

live in the leaves, stems, and roots of plants) play a critical 

role in controlling plant growth and stress tolerance by 

forming mutualistic associations that are known to be 

advantageous for both species. Fungal endophytes are 

actively involved in agriculture as biostimulants to increase 

crop protection and productivity. This will give farmers 

environmentally friendly methods to improve yield and 

quality without sacrificing plant health or disrupting the 

ecosystem.13 Endophytes are known for their ability to 

promote plant development and synthesize natural compounds 

under stressful conditions. These microorganisms live within 

healthy plant tissues, such as bacteria and fungi.2 

Endophytes, mainly fungi and bacteria, spend all or part of 

their lives inside living plant tissues with no detrimental side 

effects. They are essential for structuring and shaping plant 

activities such as competition, colonization, coexistence, and 

soil nutrient dynamics. Several endophytes boost host plant 

development by improving nitrogen and phosphate absorption. 

Endophytic fungi have recently acquired prominence in 

agriculture due to their capacity to provide tolerance to 

various abiotic stress conditions such as cold, light intensity, 

drought, temperature, salinity, etc., as well as biotic stress 

conditions, such as pathogens attack and insects herbivory, 

by assisting various processes of plant development.14 

Endophytic fungi live in harmony with their host plants 

without causing infections, and produce bioactive secondary 

metabolites that protect host plants against environmental 

stress.15 Endophytic fungi can be employed as biofertilizers 

and antimicrobial agents to promote crop protection and 

productivity.16 As a result, endophytes have evolved two 

different mechanisms to combat abiotic stress: (a) activating 

the host response system in response to stress to overcome 

its effects and (b) synthesizing anti-stress metabolites.2 

Through the synthesis of reactive oxygen species 

(ROS), scavengers under stress conditions (like ascorbate, 

catalase, and glutathione) are crucial for the endophytic 

elimination of ROS.17 SOD, CAT, and APX are involved in 

ROS elimination directly, while ascorbate and glutathione 

are regenerated in the cell to remove ROS indirectly. 

Another endophytic enzyme that promotes stress tolerance is 

1-aminocyclopropane-1-carboxylate (ACC) deaminase, which 

cleaves the plant's ACC ethylene precursor.18 Other endophytic 

processes involved in mitigating salt stress in plants include 

nitrogen fixation, phytohormone synthesis, and the generation 

of compatible solutes.19,20 As osmotic and salt stresses 

develop, reactive oxygen species are produced in plants. 

Catalase, ascorbate peroxidase, and superoxide dismutase 

are scavenging enzymes that inhibit oxidation of membrane 

proteins, lipids, and DNA. Microorganisms employ similar 

strategies to combat oxidative stress.21  

This study aimed to isolate and identify endophytic 

fungi from wild xerophytic plants collected from western 

deserts of Egypt. We also investigated the effects of soil 

alkalinity and salinity stress on the variability, tolerance, and 

antioxidant enzymes of the isolated fungi. 

 

Materials and Methods 

Sampling Site and Plant Species 

In July 2020 and in November 2020, 3 different plant 

species, including Kochia indica, Zygophyllum coccineum, 

and Amaranthus viridis L, were collected from the side of 

Alexandria desert road with graphical coordinate 30° 45′ 52″ 

N 29° 58′ 52″ E. Another plant species named Dodonaea 

viscosa was collected in December 2020 from Giza desert 

land with graphical coordinate 30° 07′ 48.6″ N 31° 00′ 23.4″ 

E. Sample from Nile shore agricultural soil with graphical 

coordinate 29° 53′ 42″ N 31° 15′ 47″ E was collected and 

used as a control. These plant species were identified in the 

Cairo University Herbarium. 

 

Assessment of pH and Salinity in Soil Samples 

Soil samples were collected from the plant collection sites at 

a depth of 20 cm. The samples were placed in sterilized 

plastic bags and brought to the laboratory in an insulated 

container where they were air-dried for 48 h. The pH and 

electrical conductivity of each soil sample were then 

assessed. Soil pH was estimated by setting a digital pH 

meter (Mettler pH Meter, S220, B21959388) into a soil 

water suspension at a ratio of 1:2.5 (w/v) clarification 

solution.22 However, the electrical conductivity (EC, dS m-1) 

of the soil was estimated according to Hardie and Doyle,23 in 

which a 1:5 (w/v) soil water suspension was prepared and 

shaken for 30 min at 25 oC to dissolve soluble salts. The 
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sample was allowed to settle for 15 min and was analyzed 

using a Mettler Toledo conductivity meter (S230). Each 

measurement was repeated thrice. 

 

Isolation of Indigenous Fungi from Xerophytic Plants 

Fresh, infection-symptom-free plant samples were used to 

isolate the endophytic fungi. Plant materials were transferred 

to the laboratory for preparation within 12 h of collection in 

sterilized bags. Tissue samples were cleaned with distilled 

water several times to remove surface soil before being 

surface sterilized by immersion in 70% ethanol for 2 min, 

followed by 4% sodium hypochlorite for 90 s and 70% 

ethanol for 2 min. Finally, it was rinsed three times in sterile 

distilled water for 1 min each. The lack of microbial growth 

on the culture media after plating the last water-washed 

samples proved the efficacy of the surface-sterilizing 

approach. Young stem cuttings, and root pieces ranging 

from 0.5 to 1 cm in length were made. The inner portions of 

the tissues were plated in Petri dishes (9 cm diameter) 

containing different media (Potato Dextrose Agar (PDA), 

Czapek-Dox,s agar, Martin,s agar and Sabouraud dextrose 

agar) treated with chloramphenicol (50 mg/ml) and rose 

bengal. Plates were incubated at 28 ± 2 °C in the dark for 

four weeks and monitored daily for hyphal growth. Hyphal 

tips from the developing fungi were separated and sub-

cultured to produce pure cultures for subsequent identification. 

Purified fungi were maintained at 4 °C.24 

 

Identification of the Indigenous Fungi  

The developed fungal isolates were identified morphologically 

and microscopically, according to Moubasher.25 Cultures of 

4 days old were observed for phenotypic characteristics, 

such as color and shape of colonies. A light microscope (5, 

10, and 40X) was used for spores and conidiophores 

examination. Furthermore, amplification and analysis of 

internal transcribed spacer (ITS) rDNA sequences for 

molecular identification were limited to more tolerant 

endophytes. 

 

Molecular Identification 

Whole genomic DNA was isolated for DNA-based 

analysis.26 The universal primers ITS1 (ITS1-5′-TCC GTA 

GGT GAA CCT GCG G-3′) and ITS4 (ITS4-5′-TCC TCC 

GCT TATTGA TAT GC-3′) were used to amplify the ITS 

region.27 Each 25 µl MyTaq Red Mix contained 1 µl of each 

primer (20 pmol), 15 µl of nuclease-free water, and 8 µl of 

DNA template. Polymerase chain reaction (PCR, ArKTiK) 

amplification cycles included an initial denaturation for 6 

min at 94 °C, denaturation for 45 s at 94 °C, annealing at 56 

°C for 45 s (35 cycles), extension for 1 min at 72 °C, and a 

final extension for 5 minutes at 72 °C. The PCR products 

were purified and sequenced using the ITS1 primer. The 

BLAST tool from the National Center for Biotechnology 

Information (NCBI) GenBank database was used to identify 

the obtained sequences. Using MEGA X, the endophyte 

sequences derived from NCBI were utilized for phylogenetic 

analysis based on the initial ITS sequence BLAST results 

from the GenBank database. All consensus sequences were 

uploaded to the GenBank database (http://www.ncbi.nlm 

.nih.gov/BLAST) to obtain the accession numbers of the 

fungal strains. 

 

Assaying Salt Tolerance of the Indigenous Fungi 

PDA medium containing five different concentrations of 

sodium chloride (1, 2, 3, 4, and 5 molar) was used to assess 

the salt tolerance of the fungal species. Three replicates were 

performed for each NaCl concentration tested. After 

inoculation and incubation at 25 ± 2 °C for 7 days, the 

capacity of the fungal isolates to proliferate in the presence 

of NaCl was recorded daily as radial growth (mm/plate).28 

 

Assaying pH Tolerance of Indigenous Fungi 

A set of 250-ml Erlenmeyer flasks containing 100 ml of 

Doxʹs broth medium was prepared. After sterilization, the 

assay was conducted at pH values ranging from (3 to 13), 

which were adjusted using a pH meter (Mettler pH Meter, 

S220, B21959388). The flasks were inoculated with a fungal 

culture suspension (0.5 ml) and incubated statically for 7-10 

days at 25 ± 2 °C.16,29 Growth at the specified pH was 

assessed by measuring the dry weight (mg/ml). Mycelia 

from the cultures were filtered using filter papers that had 

already been weighed and then dried at 70 °C to a constant 

weight to obtain dry biomass.30 The experiments were 

repeated three times to ensure reliability and reproducibility. 

 

Screening of Antioxidant Enzymes of the Most Tolerant 

Fungi 

Qualitative Assay of the Antioxidant Enzymes Using H2O2 

Fungal hyphae of the most tolerant species were grown on a 

PDA medium at 28 °C for 7 days. A disc of fungal growth (5 

mm in diameter) of each fungus was placed inside a test tube 

containing 1-2 ml of 0.3% H2O2 solution to test the catalytic 

activity. Visual detection of enzyme synthesis was 

accomplished by observing the immediate bubbling.31 

 

Extraction of Fungal Enzyme 

A set of 250-ml Erlenmeyer flasks containing 100 ml broth 

Doxʹs medium was prepared for induction of alkalinity 

stress, where the flasks were adjusted at pH 9 and 11. 

Concerning salinity stress, another set of PDB flasks was 

prepared with 2 and 3M NaCl, which are the sublethal 

concentrations in saline tolerance). After inoculation with 

the selected endophytes, all cultures were shaken for 5 

minutes then incubated at 28 oC for 7 days statically. Control 

samples for both stresses (without addition of NaCl or 

adjusted pH at 7) were prepared and inoculated under the 
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same conditions. After incubation, the media were 

centrifuged at 5000 rpm for 10 min, and peroxidase and 

catalase activities were tested in the supernatant.32 

 

Determination of Peroxidase and Catalase Activities 

Peroxidase activity (POX; EC 1.11.1.7) was determined 

using guaiacol as substrate. A 50 mM potassium phosphate 

buffer (pH 7.0) containing 1.5mM guaiacol was added to the 

fungal supernatant (0.1 ml). The reaction was initiated by 

adding 60 mM H2O2 to the total reaction volume. The POX 

activity was estimated by monitoring the increase in 

absorbance at 470 nm every 30 s. The amount of enzyme 

required to oxidize 1 mmol of guaiacol per minute was 

defined as one unit of POX activity (extinction coefficient, 

25.5 mM-1cm-1).33 

Catalase activity (CAT, EC 1.11.1.6) was measured by 

estimating the H2O2 breakdown. The catalase assay was 

determined using 0.1 ml culture supernatant mixed with 30 

mM H2O2 and 50 mM phosphate buffer (pH 7.0). The 

reduction in the absorbance at 240 nm (A240) was recorded 

for 3 min at 20 oC. A molar extinction coefficient of 43.6 M-

1cm-1, was applied to calculate the amount of H2O2. The 

amount of enzyme needed to decompose 1 μmol H2O2 per 

minute of 30 mM initial H2O2 concentration at pH 7.0 and 

25 oC was used to define one unit of CAT activity.34 

 

Determination of Extracellular Protein Concentration 

The concentration of extracellular total proteins was measured 

using Lowry's method for selected fungal samples.35 

 

Statistical Analysis 

All tests were run in triplicate. A one-way analysis of 

variance (ANOVA) test was used to evaluate the data using 

Statistical Package of Social Science (SPSS) software 

version 20. Microsoft Office Excel (2013) represented the 

data. The Origin 2022b program was used for drawing heat 

maps. The results were expressed as mean ± standard 

deviations (mean ± SD). The differences between mean 

values were evaluated at p ≤0.05 with Duncan’s multiple 

range test.36 

 

Results 

Assessment of Alkalinity and pH in Soil Samples 

Desert soils had higher salinity and pH values than the Nile 

control soil (Table 1). The plant species Kochia indica, 

Zygophyllum coccineum, and Amaranthus viridis L tolerated 

and grew in highly saline and alkaline soils (samples 1, 2, 

and 3), respectively. Dodonaea viscosa tolerated and grew in 

moderately saline but highly alkaline soil (sample 4). 

 

Diversity of the Indigenous Fungi Isolated from 

Xerophytic Plants 

Total fungal count and heat map (Tables 2 & 3 and Figures 1 

& 2) indicated that, from four types of media and four 

species of xerophytic plants, the total screened fungal isolates 

were 36 CFU/plate, comprising four endophytic species. 

 

Table 1. Salinity and pH Determination at Isolation Sites of each Collected Plant 

Soil sample Collected plant from soil samples 
*

Salinity EC, (dS/m)
 

pH 

1 Kochia indica 0.990 8.80 

2 Zygophyllum coccineum 0.920 9.08 

3 Amaranthus viridis L 0.913 8.62 

4 Dodonaea viscosa 0.427 8.30 

5 Nile soil (control) 0.192 6.80 

*Electrical conductivity (deci-Siemens per meter) 

 

Table 2. Endophytic Fungi Isolated from Xerophytic Plants using Different Media 

 

                          Plant sp 

 

Medium 

Total fungal count and frequency % 

Kochia indica 
Zygophyllum 

coccineum 

Amaranthus 

viridis L 
Dodonaea viscosa Total / all 

*
Tc

 **
Freq%

 *
Tc 

**
Freq% 

*
Tc 

**
Freq% 

*
Tc 

**
Freq% 

*
Tc/medium 

**
Freq%

 

Potato Dextrose Agar 3 30.0 2 28.6 1 25.0 2 13.3 8 22.2 

s agar
,

Dox-Czapek 3 30.0 5 71.4 3 75.0 7 46.7 18 50.0 

s agar
,

Martin 2 20.0 0 0 0 0 3 20 5 13.9 

Sabouraud dextrose agar 2 20.0 0 0 0 0 3 20 5 13.9 

Total count/plant sp 10 27.8 7 19.4 4 11.1 15 41.7 36 100 

*Total count = CFU/Plate; ** Frequency % = No. of isolated species/total isolates x 100 

 

Table 3. Diversity of Indigenous Fungal Species Isolated from Xerophytic Plants Grown in Czapek-Dox
,
s Agar Media 

                       

                  Fungal isolate 

        

Plant sp 

Total fungal count and frequency %
 

A. terreus A. flavus A. fumigatus A. aculeatus Total / all 

*
Tc

 **
Freq%

 *
Tc 

**
Freq% 

*
Tc 

**
Freq% 

*
Tc 

**
Freq% 

*
Tc/plant 

**
Freq% 

Kochia indica 2 66.7 2 66.7 0 0 6 28.6 10 27.8 

Zygophyllum coccineum 1 33.3 1 33.3 3 33.3 2 9.5 7 19.4 

Amaranthus viridis L 0 0 0 0 1 11,1 3 14.3 4 11.1 

Dodonaea viscosa 0 0 0 0 5 55.6 10 47.6 15 41.7 

Total count/fungal sp 3 8.3 3 8.3 9 25.0 21 58.4 36 100 

*Total count = CFU/Plate; ** Frequency % = No. of isolated species/total isolates x 100 
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Figure 1. Heat Map of a Total Count of Indigenous Fungi Isolated from Xerophytic Plants using 4 Different Media. 

 

 

 
 

Figure 2. Heat Map of Indigenous Fungi Isolated from Four Xerophytic Plants. 

 

The highly colonized plant with indigenous fungi was D. 

viscosa where fifteen isolates with frequency (41.7%) were 

isolated, 10 isolates with frequency (27.8%) from K. indica, 

7 isolates with frequency (19.4%) from Z. coccineum and 

only 4 isolates with frequency (11.1%) from A. viridis L.  

Considering the media, the most suitable medium for 

isolating fungi was Czapek-Dox,s agar medium, where 18 

isolates were screened with a frequency of 50.0%, 8 isolates 
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from PDA medium with a frequency of 22.2%, 5 isolates 

from each of Sabouraud dextrose agar, and Martin,s agar 

media with a frequency of 13.9%.  

The indigenous fungal species isolated from the four 

xerophytic plants were identified as Aspergillus aculeatus 

with a frequency of 58.4% followed by A. fumigatus with a 

frequency of 25.0%, and A. flavus and A. terreus with a 

frequency of 8.3% each. 

 

Identification of Endophytic Fungi 

According to taxonomic keys, the isolates were phenotypically 

recognized as Aspergillus terreus, A. flavus, A. fumigatus, 

and A. aculeatus.25 Molecular identification of the most 

tolerant endophytic fungal species Aspergillus terreus and 

Aspergillus flavus was confirmed by partial 18S rDNA 

sequencing. Using agarose gel electrophoresis, 18S rDNA 

amplified by PCR using ITS1/ITS4 primers was analyzed. 

The obtained sequences were compared to identical sequences 

in the NCBI GenBank database for the reference fungal species. 

The sequences were about 588-590 bp fragment of the rDNA 

region for A. terreus and about 551-594 bp for A. flavus. 

When submitted to GenBank, accession number 

OQ271446 was assigned to the nucleotide sequence data of 

A. terreus. A. flavus nucleotide data were assigned accession 

number OQ271450. A phylogenetic tree was created using 

the MEGA X tool, as shown in Figure 3 and 4 for A. terreus 

OQ271446 and A. flavus OQ271450, respectively. Sequences 

analysis of 18S rDNA was compared with NCBI GenBank 

database. This database reported that endophytic fungi 

revealed close similarity with several species represented in 

Figure 3 for A. terreus and in Figure 4 for A. flavus, using a 

phylogenetic tree. 100% similarity of A. terreus was 

achieved with Aspergillus terreus strain Y.H. Yeh I0108 

(accession number MK3531166.1), and 100% similarity of 

A. flavus was with Aspergillus flavus strain KSRCT-BT-

MS5 (accession number MT509808.1). 

 

 

Figure 3. The Phylogenetic Tree Showing Relationship between Endophytic Fungal Species Aspergillus terreus OQ271446 and other Closely related 

NCBI GenBank Reference Taxa Sequences. 
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Figure 4. The Phylogenetic Tree Showing Relationship between Endophytic Fungal Species Aspergillus flavus OQ271450 and other Closely related 

NCBI GenBank Reference Taxa Sequences. 

 

Salinity Tolerance of the Endophytic Fungi 

The results showed that all fungal species were tolerant to 

salt concentrations and were capable of growing up to 3 M 

NaCl. Aspergillus flavus and Aspergillus terreus showed the 

highest growth at 3M with a minimum reduction percentage. 

The greatest reduction in growth was achieved with A. 

fumigatus. Salt concentration of 3M were considered 

sublethal while at 4M complete growth inhibition was 

recorded (Figure 5). 

 

pH Tolerance of Endophytic Fungi 

The endophytic fungi isolated from xerophytic plants proved 

to be alkali-tolerant and could grow up to pH 11, which 

displayed a sublethal value, where no growth was recorded 

at pH 13. The order of tolerance was A. terreus > A. 

fumigatus > A. flavus > A. aculeatus (Figure 6). 

 

Qualitative Assay of the Antioxidant Enzymes Using H2O2 

As shown in Table 4, A. flavus and A. terreus possessed 

antioxidant enzyme activities, where H2O2 evolved in the 

reaction media. A. terreus being more active than A. flavus. 

 

Quantitative Assay of the Antioxidant Enzymes 

From previous results, A. flavus was the most tolerant to 

salinity stress, and A. terreus was the most tolerant to 

alkalinity stress. The data in Tables 5 and 6 indicate that 

alkalinity or salinity stress conditions significantly activated 

the production of antioxidant enzymes CAT and POX in the 

tested endophytic fungi.  

A significant increase in peroxidase activity and specific 

activity was detected at 2M and 3M NaCl concentrations in 

the growth medium of A. flavus. The peroxidase activity and 

the specific activity at the sublethal NaCl concentration 

(3M) were 72.7 Units and 129.82 Units/mg, respectively, 

with about 6 folds increase than control in both the activity 

and the specific activity of the enzyme (Table 5).  

Peroxidase activity also increased with an increase of 

pH to reach maximum activity and specific activity at the  
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Figure 5. Reduction Percent in Radial Growth of Indigenous Fungi under Salinity Stress. The Results were Expressed as Mean ± SD. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Effect of pH on the Dry Biomass Gain (mg/ml) of the Endophytic Fungi. The Results were Expressed as Mean ± SD. 

 
sublethal value (pH 11) in the growth media of A. terreus 

with 43.7 Units and 78.1 Units/mg, respectively. This 

increase represents about 14 folds increase than control in 

both the activity and the specific activity of the enzyme 

(Table 5). 

Table 6 revealed that catalase exhibited the same trend 

as peroxidase, where its activity increased with sublethal 

concentration (3M) in A. flavus growth media. This increase 

was approximately 3 folds than that of the control in both the 

activity and the specific activity of the enzyme. 

Table 4. Qualitative Assay on Antioxidant Enzymes 

Species Antioxidant enzyme activity 

A. flavus ++ 

A. terreus ++++ 

++ Moderate Activity; ++++ High Activity 

 

Concerning the high alkalinity in the growth media of A. 

terreus, catalase showed a significant increase in activity and 

specific activity, especially at the sublethal value (pH 11), 

where an increase of approximately 6 folds to the control 

value was attained (Table 6). 
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Table 5. Assay of Peroxidase (POX) Activity under High Salinity (for A. flavus) and High Alkalinity (for A. terreus) Stress Conditions 

 Salinity pH 

Enzyme Control (0M) 2M 3M Control (pH 7) pH 9 pH 11 

POX activity (Units) ±0.38
b

12.7 ±0.38
c

20.94 ±0.18
f

72.7 ±0.11
a

3.2 ±0.12
d

32.6 ±0.08
e

43.76 

Protein content (mg/ml) ±0.01
d

0.591 ±0.01
a

0.45 ±0.03
c

0.56 ±0.01
d

0.58 ±0.01
b

0.51 ±0.02
c

0.56 

Specific activity (Units/ mg) ±0.75
b

21.31 ±1.17
d

46.53 ±0.60
f

129.82 ±0.16
a

5.52 ±1.22
c

43.91 ±3.11
e

78.14 

The results are expressed as mean ± SD. Mean values with different letters are considered significant at p ≤0.05, according to Duncan's multiple range test. 

 
Table 6. Assay of Catalase (CAT) Activity under High Salinity (for A. flavus) and High Alkalinity (for A. terreus) Stress Conditions 

Enzyme 

Salinity pH 

Control (0M) 2M 3M Control (pH 7) pH 9 pH 11 

CAT activity (Units) 24.77
b
±0.03 59.72

d
±0.025 72.38

e
±0.11 13.9

a
±0.34 49.05

c
±0.07 79.04

f
±0.25 

Protein content (mg/ml) 0.59
c
±0.03 0.45

a
±0.006 0.56

b,c
±0.01 0.58

c
±0.026 0.53

b
±0.071 0.56

 b,c
±0.01 

Specific activity (Units/ mg) 41.56
b
±1.91 132.7

d
±1.50 129.25

d
±2.20 23.97

a
±0.561 92.54

c
±0.925 141.14

e
±1.45 

The results are expressed as mean ± SD. Mean values with different letters are considered significant at p ≤0.05, according to Duncan's multiple range test. 

 

Discussion 

More attention is needed to study fungal endophytic species 

in stressed environments such as arid and semi-arid deserts. 

Endophytic fungi are necessary biotechnological tools for 

arid lands to improve agriculture and other activities under 

extreme environmental conditions. Consequently, microbial 

identification, diversity, community distribution, and variability 

are of significant importance.37 The recent study reported 

high alkalinity and salinity in soil samples from which wild 

xerophytic plants were collected. Low variability and 

diversity were observed where only four endophytic fungal 

species were isolated from the four tested xerophytic plants. 

The ascomycetous fungi A. terreus and A. flavus (with 

accession numbers OQ271446 and OQ271450, respectively) 

were the most tolerant species to alkalinity and salinity 

stresses. In relation to this study, Moghaddam et al.38 

reported that endophytic composition and variation were 

influenced by host species, soil type, and electrical 

conductivity. Endophytes adapted to severe abiotic stress 

may transfer this tolerance to their host plants. However, El-

Zayat et al.39 found that endophytes proliferation and 

diversity were significantly inhibited in arid deserts. 

Aspergillus was the most frequent genus in Hyoscyamus 

muticus L., a desert-adapted medicinal plant. Other endophytic 

microbiomes isolated from arid soils, including those of 

Alternaria sp.,40-42 Penicillium, and Fusarium genera.43 They 

were isolated from asymptomatic halophytes. The variability 

of endophytic fungi isolated from xerophytic shrubs was 

significantly lower than that in temperate zones.44-46 Jalili et 

al.28 studied the enzymatic activity and the salt tolerance of 

fungal species isolated from halophyte plants. They reported 

that Acremonium sclerotigenum and Aspergillus terreus 

obtained from Rubia tinctorum were isolated as halo-tolerant 

species with strong antibacterial and enzymatic activities. 

They also showed that Microascus pyramidus and 

Monosporascus ibericus were salt-tolerant isolates of 

Salsola tomentosa and Anabasis iranica. They revealed that 

the phylum Ascomycota contains strains that may be 

involved in salt tolerance in plants. Irshad et al.47 aimed to 

improve plant salt tolerance by estimating the sustainability 

of bio-priming salt tolerant endophytes. Paecilomyces 

lilacinus and Trichoderma hamatum tolerated high salt 

concentrations of up to 500 mM NaCl. García-Latorre et 

al.48 evaluated the ability of 11 endophytic fungi isolated 

from plants growing in a severe environment in Spanish 

dehesas to grow under salt stress conditions (100, 200, and 

500 mM NaCl). The eleven species were able to grow under 

salt stress conditions. The growth response differed broadly 

according to the fungal species. Acremonium implicatum and 

Microdiplodia hawaiiensis grew in a significantly higher 

rate at NaCl concentration of 500 mM than those which 

were grown without salt stress. In addition, Fusarium 

avenaceum and Colletotrichum cereale showed similar 

results, but only at lower concentrations of NaCl. Eighty 

eight percent of the endophytic fungi isolated from Nigella 

sativa L seeds were able to survive at 3% NaCl concentration 

with a maximum colony growth diameter of 7.5-8.0 cm.16 

Among the 48 fungal endophytes screened, only four were 

found to be salt tolerant (Chaetomium sp., Fusarium 

avenaceum, F. tricinctum, and Ulocladium sp.). Fusarium 

avenaceum were found to be superior to other endophytes.49 

The endophytic fungus, Bipolaris sp. CSL-1 screened for 

NaCl stress tolerance can grow with up to 200 mM NaCl in 

Czapek medium.50 Among the 130 fungal isolates screened 

in vitro for their tolerance to NaCl (1.0 M), 27 isolates were 

highly tolerant, 39 isolates were tolerant, and 58 isolates 

were moderately tolerant.51 Alkalophobic fungal species 

could not withstand pH 10, but an alkali-tolerant species 

could grow at this value and less or more, while alkalophilic 

species could grow up to pH 10.52 In the recent study, the 

isolated endophytes were all alkali-tolerant and halotolerant. 

They can tolerate a wide range of pH (3-11) and salinity (1-3 

M). Gopane et al.16 found that 12% of isolated endophytes 

survived at high pH values. Acremonium sp. (ENF 31), and 

Penicillium simplicisssum (ENF22) could grow at pH values 

ranging from 2-12 and 3-12, respectively.29 Xiao et al.53 
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isolated and screened stress-resistant endophytic fungal 

strains and found that there were differences in growth 

between different strains at the same acidic or basic 

environments, when compared with the control (pH 7). At 

pH 3, the growth of the seven strains was greater than that of 

the control. At pH 9, the growth of the two strains was 

higher than that of the control strain. The in vitro assay on 

the induction of catalase and peroxidase in the growth media 

of the endophytes A. terreus and A. flavus grown under high 

salinity or alkalinity indicated a significant increase in both 

activities. Endophytes such as fungi and bacteria are an 

acceptable tool for mediating tolerance in plants not only by 

stimulating growth but also by releasing hormones, growth-

regulating and synthesizing ROS scavengers such as catalase 

and superoxide dismutase, which help plant survival under 

conditions of high salinity stress.54 Reactive oxygen species 

(ROS) are produced and increased under salinity stress. 

Plants respond by an increase in antioxidant enzymes such 

as peroxidase, catalase, and superoxide dismutase and 

buildup of osmolytes such as proline.55 However, producing 

antioxidants is essential to protect plants against oxidative 

stresses under biotic or abiotic stresses. Endophytes promote 

the induction of antioxidants and phenolic compounds in 

plants, where ROS are produced under any stress.14 A. 

ochraceus was able to withstand 200 g L-1 of sodium 

chloride, which exhibited increased antioxidant activity 

under salt stress.56,57 Biochemical data demonstrated that 

under extreme salinity conditions, Aspergillus sydowii cells 

were protected against peroxidant molecules by the 

combined action of catalase, superoxide dismutase, and 

glutathione reductase, which act as a primary antioxidant 

defense system. To counteract the oxidative damage to cells 

caused by excessively high Na+ concentrations, A. sydowii 

elicited a broad antioxidant response. At 5.13 M NaCl, there 

was a significant increase in both catalase and superoxide 

dismutase activities, where superoxide dismutase significantly 

increased, roughly 197-fold, in the supernatant, contrary to 

the optimal 1.0 M NaCl concentration, whereas catalase activity 

was doubled in the supernatant and mycelium exposed.58 

 

Conclusion 

This study clearly showed that the indigenous fungal species 

A. flavus OQ271456 and A. terreus OQ271446 isolated from 

wild xerophytic plants were highly tolerant to salinity and 

alkalinity stress. It also proved that these stress conditions 

significantly stimulated the activities of the antioxidant 

enzymes CAT and POX in these fungal species. In future 

studies, we aim to use these fungal species to improve the 

growth and productivity of wheat plants suffering from high 

alkalinity, salinity, or both. 
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