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INTRODUCTION  
 

Microorganisms are identified as endophytes colonizing inside plant tissues. Endophytic fungi are essential components of the 

wild plants' community and contribute significantly to natural ecosystems' diversity [1]. They usually get nutrients and protection 

from the host plant, and in turn, they confer profoundly enhanced fitness to the host plants by producing specific functional 

metabolites. Besides, fungal endophytic metabolites are useful resources for natural products that effectively have many 

applications in medicine, agriculture, and industry [2]. Endophytes have been recognized as a repository of novel metabolites of 

pharmaceutical importance [3]. Many endophytes of the same species are isolated from the same plant, and only one of the 

endophytes produces a highly active compound in culture [4]. 

 

Many countries isolated endophytic fungi, such as China screening for endophytic fungi with antitumor and antifungal activities 

from Chinese medicinal plants [5], Huang et al. reported that 52.3% of endophytic fungi isolated from Taxus mairei, Cephalataxus 

fortune, and Torreya grandis displayed growth inhibition with concerning at least one pathogenic fungus [6]. Antifungal activity 

of some endophytic fungi isolated from 11 plant species collected from 11 locations in Korea, Abdel-Motaal et al. studied the 

antifungal activity of endophytic fungi isolated from Egyptian henbane (Hyoscyamus Muticus L.)[7]. Gherbawy and Gashgari 

isolated endophytic fungi from leaves of Calotropis procera collected from the Taif region (Saudi Arabia)[8]. Endophytic applies 

to fungi capable of symptomless occupation of apparently healthy plant tissue [9]. 

 

Abstract 
Endophytic fungi, which have been reported in numerous plant species, are essential components of the wild plants’ community and 

contribute significantly to natural ecosystems' diversity. The study aims to evaluate and characterize, at the molecular level, the diversity 

and antimicrobial activities of endophytic fungi from wild plants in Taif, Saudi Arabia. Fungal endophytes were isolated from leaves and 

stems of plants, including Juniperus excelsa, Ziziphus spina-christi, Aacacia gerradii, Rumex nervosus, Lavandula dentate, Hypoestes forskaolii, 

Ficus palmata, Eucalyptus smithii and Conyza bonariensis collected from Taif, Saudi Arabia. About 25 different species belonging to 16 genera 

were recovered. The ribosomal DNA internal transcribed spacer (ITS) regions of the collected endophytic isolates were sequenced. The most 

prevalent fungi were identified as Hypocopra, Aspergillus, Coniothyrium, Chaetomium, Bipolaris, Dothideomycetes, Penicillium, Phoma, 

Mucor, Readeriella, Leptosphaerulina, Neodidymelliopsis, and Thielavia. Seven of the endophytic fungi isolates exhibited vigorous 

antimicrobial activity to some microbial pathogens tested. Fungal sp. has the highest inhibition against the human pathogenic bacteria 

Escherichia coli, Candida albicans, Staphylococcus aureus, Enterococeus faecium and Streptococcus agalactiae. 
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Endophytic fungi colonize living plant tissue in the broadest sense without causing any immediate, overt adverse effects [10]. 

From 1981 to 2016, over 50% of newly developed drugs were developed from natural sources. Several reviews pointed out that 

many drugs on the market are from natural origin; between 1981 and 2016, only 359 were pure of synthetic origin. Of the remaining 

ones, 326 were "biological" entities, and 94 were vaccines. [11]. About 250,000 higher plant species, it is estimated that only 5-

15% has been investigated for natural products [12].  

 

The World Health Organization (WHO) estimates that approximately 80% of the world relies on natural sources directly or 

indirectly for primary medicinal treatment. For the remaining 20% of the population, the health care systems also incorporate 

natural sources in their medicinal treatment [13]. Additionally, the study of Cragg and Newman that less than 1% and 5% of the 

bacterial species and fungal diversity, respectively, are currently known [14]. 

 

The Kingdom of Saudi Arabia contains many plants, consisting of many medicinal herbs, shrubs, and trees [15]. Estimates indicate 

that the plants of the Kingdom of Saudi Arabia have a great diversity in medicinal plants, which are expected to be more than 

1,200 species or more than 50% of the 2,287 species [16]. 

 

 Reviewing previous research found that Endophytic fungi were isolated from a few plant species in Saudi Arabia [1]. So this 

study aimed to identify the diversity and antimicrobial activities of endophytic fungi from wild plants in Taif, Saudi Arabia. Our 

study focuses on wild plants in the city of Taif to test the main hypotheses:(i) Appearance of a small number of endophytic fungi 

and(ii) endophytic fungi have a high antimicrobial activity capacity.  

 

 

MATERIALS AND METHODS 

 
The identification method proved that these plants belonged to different genus and families. The identification of plants was done 

according to (Mujahid and Hammouda's flora of Saudi Arabia) [17]. Aacacia gerradii, Conyza bonariensis, Eucalyptus smithii, 

Ficus palmata, Hypoestes forskaolii, Juniperus excelsa, Lavandula dentata, Rumex nervosus and Ziziphus spina-christi. Classic 

classification at the species level. 

 

1. Collection of plants samples: 

Nine plant samples were collected from Wadi thee Ghazal – Alshifaa and Almathnah in the Taif region in Saudi Arabia, including 

Acacia gerradii (Figure 1, A), Conyza bonariensis (Figure 1, B), Eucalyptus smithii (Figure 1, C), Ficus palmata (Figure 1, D), 

Hypoestes forskaolii (Figure 1, E), Juniperus excelsa (Figure 1 , F), Lavandula dentata (Figure 1, G), Rumex nervosus (Figure 

1, H) and Ziziphus spina-christi (Figure 1, I). Nine plant samples were taken at an average temperature of 24°C from May 2017 

to May 2018. The selected plants that belonged to different families are listed in Table 1. Strobel and Daisy were kept in paper 

bags and stored at 4˚C until isolation procedures[18].  

 

Table 1: List of wild plants utilized in this study  

NO. Scientific name Family Common name 
1 Acacia gerradii Fabaceae red-thorn 
2 Conyza bonariensis Asteraceae hairy fleabane 
3 Eucalyptus smithi Myrtaceae gully gum 
4 Ficus palmata Moraceae Punjab fig 
5 Hypoestes forskalei Acanthaceae Nadgha 
6 Juniperus  excelsa Cupressaceae Greek juniper 
7 Lavandula  dentata Lamiaceae lavender 
8 Rumex nervosus Polygonaceae - 
9 Ziziphus spina christ Rhamnaceae Christ's thorn jujube 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://en.wikipedia.org/wiki/Fabaceae
https://en.wikipedia.org/wiki/Acanthaceae
https://en.wikipedia.org/wiki/Cupressaceae
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Figure 1; (A) Acacia gerradii  (B) Conyza bonariensis  (C) Eucalyptus smithii  (D) Ficus palmata  (E) Hypoestes forskaolii (F) 

Juniperus  excelsa (G) Lavandula dentata (H) Rumex nervosus (I) Ziziphus spina-christi wild plants utilized from Taif region in 

Saudi Arabia 

 
 

2- Preparation and sterilization plant samples: 

 The samples were rinsed gently in running tap water to remove dust and debris. The stems and leaves were cut into small segments 

(1 cm). The samples were surface sterilized by the modified method of [19]. The samples were immersed in 70% ethanol for 5 

seconds, followed by 4% sodium hypochlorite for 5 minutes and then rinsed in sterile distilled water for 10 seconds two times. 

The excess moisture was blotted using sterile filter paper.  

 

3- Isolation of endophytic fungi: 

The surface-sterilized segments (stems and leaves) were placed in Petri dishes containing PDA medium added to chloramphenicol 

and rose bengal (10 ml/ L ) to prevent bacterial growth. The Petri dishes were incubated at 28 ˚C for 2– 4 weeks. The Petri dishes 

were monitored every day to check the growth of fungal endophytic colonies from the segments. 

 

4- Morphological identification of isolated fungal species: 

The fungal isolates were mounted on the sterile slides and examined in 40X light microscopy [20]. The identification of fungi was 

done using the cultural characteristics and microscopic characteristics of fungal culture such as shape, color, pattern and 

arrangement of the mycelium, conidial arrangement, types of spore [20; 21; 22; 23; 24; 25]. 

 

5- Molecular identification of the fungi isolates: 

The fungi isolates were subjected to molecular analysis and identification using DNA sequencing of ITS-u1 and ITS-u4 primers. 

The fragments with molecular sizes of about 800 bp representing the ITS-u1 and ITS-u4 primers were purified for sequencing. 

 

6- Determination of antimicrobial activity: 

Using the agar diffusion method described by Wang et al. [26]. We screened the 7 fungal strains for antimicrobial activities against 

seven pathogens, including Escherichia coli, Candida albicans, Staphylococcus aureus, Enterococeus faeciu, and Streptococcus  

agalactiae. Mueller-Hinton (MHA) agar media was poured into the plates to dry. The bacteria culture spread bacteria by stock 

cultures on the media using the cotton swab. Then add a fungal tablet by using the Cork borer (Tool for making a circular hole for 

agar 8 mm diameter) on the surface of an inoculated medium. The plates were incubated at 37°C for 48h. Then, the inhibition zone 

was measured by the clear zones surrounding the disc was measured. Each microorganism with antibiotic and was combined three 

times[27]. 

 

RESULTS AND DISCUSSION 

 
1- Isolation of endophytic fungi : 

A total of 180 leaf and stem segments were obtained from plants and were isolated on potato dextrose agar medium. 

Mycelium emerged from the total fungal counts were 25 species related to 16 genera, 124 isolates were recovered and were 

classified into 25 different taxa according to morphological and molecular characters (Table 2).  

A 

 

I H G F E 

B 

 
C D 
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Table 2: Genus and species of endophytic fungi isolated from stems and leaves of 9 plants on potato dextrose agar at 25° 

C. for four weeks 

 

 

The isolated genera were Alternaria, represented by six species A. alternata, A. solani, A. burnsii, A. tenuissima, A. brassicae and  

A. porri. Hypocopra is represented by one species H.rostrata. Aspergillus is represented by one species, A. niger. Bipolaris 

represented by one species B. austrostipae. Coniothyrium is represented by one species C. aleuritis.  Cladosporium   represented 

by four species C. allicinum, C. cladosporioides, C. pseudocladosporioides and C. angustisporum.  Chaetomium  represented by 

one species C. strumarium. Didymella is represented by two species D. glomerata and D. musae . Dothideomycetes are represented 

by one species Dothideomycetes sp. Penicillium is represented by one species P. chrysogenum.   Phoma is represented by one 

species P. moricola. Readeriella is represented by one species R.callista. Leptosphaerulina is represented by one species 

L.australis. Neodidymelliopsis represented by one species. Thielavia represented by one species, T. arenaria, Finally Mucor 

represented by one species Mucor sp.  

 

 Table 3: Number of occurrence isolate, relative density endophytic fungi isolated from stems and leaves of 9 plants on 

potato dextrose agar at 25°C. for four weeks 

 

Fungal species Genus  fungal Number 

A. alternata, A. solani, A. burnsii, A. tenuissima, A.brassicae 
Alternaria 1 

A. porri 

A. niger Asperagills 2 

B. austrostipae Bipolaris  3 

C. aleuritis Coniothyrium  4 

C. allicinum,C. cladosporioides,C. pseudocladosporioides Cladosporium  

 

5 

 C. angustisporum 

C. strumarium Chaetomium  6 

D.glomerata, D.musae Didymella 7 

 Dothideomycetes sp. Dothideomycetes  8 

Mucor sp. Mucor 9 

H. rostrata Hypocopra 10 

L.australis Leptosphaerulina 11 

Neodidymelliopsis sp. Neodidymelliopsis 12 

P. chrysogenum Penicillium  13 

P. moricola Phoma 14 

R. callista Readeriella 15 

T. arenaria 

 
Thielavia 16 

Frequency of occurrence 

(%) 

Relative 

density (%) 

Number of 

isolates 
fungal species Genus fungal NO. 

11 16 20 A. alternata 

Alternaria 1 

2.7 4 5 A. solani 

0.5 0.8 1 A. burnsii 

1.1 1.6 2 A. tenuissima 

2.2 3.2 4 A.brassicae 

2.2 3.2 4 A. porri 

0.5 0.8 1 A. niger Asperagills 2 

0.5 0.8 1 B. austrostipae Bipolaris  3 

0.5 0.8 1 C. aleuritis Coniothyrium  4 

2.2 3.2 4 C. allicinum 

Cladosporium  

 

5 

 

1.6 2.4 3 C. cladosporioides 

1.1 1.6 2 C. pseudocladosporioides 

1.1 1.6 2 C. angustisporum 

1.1 1.6 2 C. strumarium Chaetomium  6 

2.2 3.2 4 D.glomerata 
Didymella 7 

0.5 0.8 1 D.musae 

3.8 5.6 7  Dothideomycetes sp. Dothideomycetes  8 

1.1 1.6 2 Mucor sp. Mucor 9 

0.5 0.8 1 H. rostrata Hypocopra 10 

0.5 0.8 1 L.australis Leptosphaerulina 11 

5.5 8 10 Neodidymelliopsis sp. Neodidymelliopsis 12 

3.8 5.6 7 P. chrysogenum Penicillium  13 

1.1 1.6 2 P. moricola Phoma 14 

7.7 11.3 14 R.callista Readeriella 15 

5.5 8 10 T. arenaria Thielavia 16 

https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1192786126
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1192786126
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_757887438
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1194464106
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1194464106
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1176862479
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1176862479
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1343170978
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1134789696
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1139695608
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1139695608
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_239948632
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_239948632
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1400192041
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1400192041
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_757887438
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1192786126
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_757887438
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1194464106
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1194464106
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1176862479
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1176862479
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1343170978
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1134789696
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1134789696
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1139695608
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1139695608
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_239948632
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_239948632
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1400192041
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1400192041
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_757887438
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2- Molecular identification of the fungi isolates: 

ITS sequences of the collected species submitted to EMBL-EBI were compared with published sequences using BLAST searches 

at GenBank. Isolates used for sequencing analysis and their codes and GenBank accession numbers are listed in Table (4). The 

collected fungi belonged to the Ascomycetes and Basidiomycetes according to the sequence analysis. 

 

The isolated fungi during this work have been previously isolated as endophytes from a wide range of different host plants, and 

Anamorphs were encountered in 124 isolates, representing eleven other taxa in eight genera (Alternaria, Aspergillus, Bipolaris 

Penicillium, Phoma, Cladosporium, Coniothyrium and Readeriella). Teleomorphs were produced in 124 isolates and represented 

7 distinct taxonomic groups: Chaetomium, Didymella, Dothideomycetes, Hypocrea, Leptosphaerulina, Thielavia and 

Neodidymelliopsis. Among the 124 isolates collected, Holomorphs are found, representing one type of taxa (Mucor sp.)  

 

 

Table 4: Isolated and identified endophytes related to the genus or species and the identity percentage found in NCBI. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

No. 
Isolate 

codes 

Accession 

numbers of 

BLAST  

Closely related fungal sequence Identities 

1 UJEF1 KU936229.1 Alternaria alternata 97% 

2 UJEF2 MH746017.1 Alternaria alternata 100% 

3 UJEF3 MF102100.1 Alternaria alternata 97% 

4 UJEF4 JF710510.1 Alternaria brassicae 99% 

5 UJEF5 KU982600.1 Alternaria burnsii 99% 

6 UJEF6 KT447157.2 Alternaria porri 99% 

7 UJEF7 MK551177.1 Alternaria solani 100% 

8 UJEF8 MH374277.1 Alternaria tenuissima 100% 

9 UJEF9 MK841478.1 Asperagills niger 100% 

10 UJEF10 NR_147491.1 Bipolaris austrostipae 99% 

11 UJEF11 KY558668.1 Chaetomium strumarium 100% 

12 UJEF12 MG946767.1 Cladosporium allicinum 99% 

13 UJEF13 MK271392.1 Cladosporium angustisporum 100% 

14 UJEF14 KC113301.1 Cladosporium cladosporioides 97% 

15 UJEF15 MK111609.1 Cladosporium pseudocladosporioides 99% 

16 UJEF16 KY318503.1 Coniothyrium aleuritis 97% 

17 UJEF17 MK100186.1 Didymella glomerata 99% 

18 UJEF18 MH860524.1 Didymella musae 99% 

19 UJEF19 GQ153264.1 Dothideomycetes sp. 100% 

20 UJEF20 MT448802.2 Hypocopra rostrata 98% 

21 UJEF21 MH474436.1 Leptosphaerulina australis 100% 

22 UJEF22 KY290226.1 Neodidymelliopsis sp. 100% 

23 UJEF23 MH469504.1 Penicillium chrysogenum 100% 

24 UJEF24 MH588279.1 Phoma moricola 100% 

25 UJEF25 MH860473.1 Readeriella callista 100% 

26 UJEF26 KX602156.1 Mucor sp. 93% 

27 UJEF27 KP101209.1 Thielavia arenaria 100% 

https://www.ncbi.nlm.nih.gov/nucleotide/KU936229.1?report=genbank&log$=nucltop&blast_rank=1&RID=RB6REJ8U014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1092191069
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1192786126
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1192786126
https://www.ncbi.nlm.nih.gov/nucleotide/KU982600.1?report=genbank&log$=nucltop&blast_rank=94&RID=UDGPMT0H014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_757887438
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1139695608
https://www.ncbi.nlm.nih.gov/nucleotide/MG946767.1?report=genbank&log$=nucltop&blast_rank=1&RID=RB73FJFE014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1343170978
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_443682275
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_239948898
https://www.ncbi.nlm.nih.gov/nucleotide/MT448802.2?report=genbank&log$=nucltop&blast_rank=1&RID=1AUMC57H016
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1400192041
https://www.ncbi.nlm.nih.gov/nucleotide/KP101209.1?report=genbank&log$=nucltop&blast_rank=3&RID=R43A80XH014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_757887438
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Figure 3: Phylogenetic tree based on neighbor-joining analysis of the rDNA ITS sequences of the endophytic fungal 

isolates obtained from various tissues of nine wild plants. 

  

3- Determination of antimicrobial activity: 

 

 

Table 5: Antimicrobial Spectra of Endophytic Fungi 

 

 

 

 

 

 

 

 

 

 

 

Inhibition Zone, (-) No activity determined; +, > 14 mm; ++, 14-20 mm+++,21-30 mm;++++,<30 mm. 

 

Fungal endophyte 

Pathogenic 

yeast 

Pathogenic bacteria 

 

C. albicans S. agalactiae E. coli S.aureus E. faecium 

A. alternata + ++++ - - ++ 

C. strumarium  - ++ - - ++ 

Dothideomycetes sp. - - - - - 

Mucor sp.  ++++ ++++ ++ ++++ ++++ 

Neodidymelliopsissp. - ++ - - - 

P. chrysogenum   ++++ ++++ - - ++++ 

R. callista + ++ - - +++ 

Pleosporaceae 

Didymellaceae 

Teratosphaeriace

ae 
Leptosphaeriacea

e 
Xylariace

ae 

Apocynaceae 

Chaetomiaceae 

Cladosporiaceae 

Mucorace

ae 

Mucor 

Hypocopra 

https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1139695608
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_239948898
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1400192041
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The antimicrobial activity of endophytic fungi isolated from plants is shown in Table 5. Some endophytic fungi exhibited inhibition 

against human pathogenic microbe. The isolates, namely (A. alternata, C. strumarium Dothideomycetes sp., Mucor sp.,  

 

Neodidymelliopsis sp., P. chrysogenum and R. callista). Mucor sp. showed the best inhibition towards human pathogenic microbe. 

Six of seven isolates showed promising growth-inhibitory activity against at least one test human pathogenic, but one endophytic 

fungus had antimicrobial activity against all five pathogenic microbes. 

 

The following table shows that the endophytic fungi Mucor sp. showed the best results against microbes as they have an inhibitory 

ability on the five types of microbes used in the study, followed by the endophytic fungi A. alternata, P. chrysogenum and R. 

callista, which inhibits only three types of microbes causing diseases of humans. The fungus C. strumarium inhibited two types 

of microbes. The lowest endophytic fungi in inhibiting microbes are Neodidymelliopsis sp. But Dothideomycetes sp. was unable 

to inhibit any type of human pathogen in this study. 

 

DISCUSSION 
 

A total of 180 leaf and stem segments obtained from nine plants (Aacacia gerradii, Conyza bonariensis, Eucalyptus smithii, Ficus 

palmata, Hypoestes forskaolii, Juniperus excelsa, Lavandula dentata, Rumex nervosus and Ziziphus spina-christi). Identification 

of the presence of endophytic fungi on PDA plates. The total fungal counts were 25 species related to 16 genera were recovered 

during this investigation and these namely: Alternaria, Aspergillus, Bipolaris, Coniothyrium, Chaetomium, Cladosporium, 

Dothideomycetes, Didymella, Mucor, Hypocopra, Leptosphaerulina, Neodidymelliopsis, Penicillium, Phoma, Readeriella and 

Thielavia . The isolated genera were Alternaria, represented by six species A. alternata, A. solani, A. burnsii, A. tenuissima, 

A.brassicae and A. porri., Cladosporium represented by four species C. allicinum, C. cladosporioides, C. pseudocladosporioides 

and C. angustisporum. And Didymella is represented by two species D.musae and D.glomerata. The following fungi were 

represented by one species as follows: Hypocopra: H. rostrata, Aspergillus: A. niger, Coniothyrium: C. aleuritis, Chaetomium: 

C. strumarium, Bipolaris: B. austrostipae, Dothideomycetes: Dothideomycetes sp., Penicillium: P. chrysogenum, Phoma: P. 

moricola, Mucor: Mucor sp., Leptosphaerulina: L. australis, Neodidymelliopsis: Neodidymelliopsis sp., Readeriella: R. Thielavia: 

and finally Thielavia : T. arenaria. Most of these species have been recorded in several studies [1; 8; 28; 29; 30; 31; 32; 33; 34; 

35; 36].  

 

In this study, a maximum growth rate of endophytic fungi was observed at Juniperus excelsa 46.4% followed by Ficus palmate 

was 12%, Conyza bonariensis contained an average of 10.4%, Acacia gerradii had an average of 8.8%, Ziziphus spina-christi 

contained 6.4%, The minimum growth rate Eucalyptus smithii contained 4.8%, and two plants contained the same fungal rate of 

4%, namely Rumex nervosus and Hypoestes forskalei. Finally, the Lavandula dentata had the lowest growth rate containing 3.2%.  

 

According to the number of endophytic fungi species, the highest number was detected in Juniperus excelsa from 20 samples 

(stems and leaves), representing 30% of the total counts of isolated fungi worldwide. In Korea [37], 19 endophytic fungi were 

isolated from Juniperus rigida, a rate of 32.2% from all isolates. Also, in the eastern Chiricahua Mountains, southeast Arizona, 

[38] 22 endophytes were isolated from 144 pieces of Juniperus deppeana, an average of 18% of total fungal isolates. In North 

Carolina, Hoffman and Arnold  isolated 31 isolates of the endophytic fungi of Juniperus virginiana. They had a fungal growth rate 

of 56.3% [39], nearly similar results reported by Gherbawy and Elhariry they isolated 144 endophytic fungi from Juniperus 

procera from Taif, Saudi Arabia includes seven genera: Alternaria, Aspergillus, Melanops, Penicillium, Phoma, Preussia and 

Ulocladium [40]. 

 

Nearly similar results reported by Ziziphus spina-christi plant contained 6.4%, was able to adapt to drought and hot climates to 

obtain from desert areas with low levels of rain [41]. However, lower colonization rates ranging from (0.8% - 27.4 %) noted in the 

present study, A possible explanation of the relatively low overall colonization rate of all studied from Saudi Arabia plants could 

be due to desert nature [1; 8; 40; 42].were as high colonization rates ranging from 81% to 89% were reported in palms in Brunei 

and Australia[43] and up to 95–98% in leaf fragments of Guareaguidonia (Meliaceae) in Puerto Rico [44]. On the other hand, 

tropical hosts such as bananas were recorded lower rates (29–67%) [45] and in the palm Euterpeoleracea, in Brazil 21–30% [46].  

According to our isolated fungal species, nearly similar to Chen [28], who studied 10 different species of Dendrobium plant in 

China , where 401 endophytic fungi were isolated, most of the isolates were Penicillium, Aspergillus and Chaetomium. Gherbawy 

and Gashgari Reported one hundred sixty-one endophytic fungi were isolated, from Calotropis procera from Taif region, Saudi 

Arabia, and the most dominant genera of these fungi were: Alternaria, Aspergillus, Chaetomium, Cladosporium, Fusarium, 

Monilia, Myrothecium,  Nigrospora, Paecilomyces and Penicillum[8], While higher results reported by Gashgari et al. who 

recorded endophytic fungi from seven plants collected from Qurayyat region, Kingdom of Saudi Arabia namely: Alhagi 

graecorum, Cressa cretica, Citrullus colocynthis, Tamarix nilotica, Achillea fragrantissima, Artemisia sieberi and Neurospora 

retusa, two hundred seventy-five endophitic species were isolated, the most common genera Aspergilius, Fusarium, Alternaria, 

Cheatomium, Drechslera, Emericella, Eupenicillium, Eurotiales, Gibberella, Monnilia, Mucor, Penicillium, strelia, Mycelia, 

Scopulariopsis and Ulocladium [1].  

 

In Bogor, West Java, Indonesia, Hernawati et al. reported the endophytic fungi isolated from the Chili plant were low frequency, 

and only isolated five fungal species as: Aspergillus flavus, Nigrospora sp., Coniothyrium sp., sterile hypha 1 (SH1) and sterile 
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hypha 2 (SH2) [29]. In Sudan, Khiralla et al. studied five different types of plants; fifteen endophytic fungi were isolated. The 

most common genera were: Alternaria, Aspergillus, Byssochlamys, Cladosporium, Chaetomium, Curvularia, Emericella, Phoma, 

Pleosporales, Hansfordia and Trametes[32].  

 

In Egypt, Qena Governorate, El-said et al. which has a desert nature, 36 endogenous fungi of Daturainnoxia were isolated, 

including 16 genera, the most common genera Aspergillus, Penicillium, Chaetomium and Cladosporium[33]. In China reported 

the most frequent fungal genera isolated from the Chloranthus japonicus plant are as follows: Colletotrichum sp., Aspergillus sp., 

Pseudoglaucus sp., Diaporthe sp., Dothideomycetes sp., Alternaria sp., Didymella sp., Cladosporium sp., Leptospora sp. and 

Arthrinium sp.[36].  

 

In Argemone Mexicana plant in Assam, India, Singh et al. isolated eight species of endogenous fungi from roots and 12 species of 

endogenous fungi from the shoot, The most common genera were Aspergillus, Penicillium and Emericella[34]. Bußkamp et al. 

isolated 103 endophytic fungi from the 190 trees from the Scots pine plant, the most common genera were Alternaria sp., 

Cladosporium sp., haetomiumsp., Penicillium sp. and Phoma sp[35].  

 

During verification of the hypothesis, the result concluded to prove the hypothesis that the plants of the city of Taif contain a small 

number of endophytic fungi, as mentioned in several studies [1; 8; 40; 42]. This is due to the desert nature of Saudi Arabia. 

The collected fungi were classified into 10 family Pleopraceae, Didymellaceae, Teratosphaeriaceae, Mucoraceae, 

Leptosphaeriaceae, Xylariaceae, Trichocomaceae, Apocynaceae, Chaetomiaceae and Cladosporiaceae. Anamorphs were 

encountered in the isolates, representing sixteen different taxa in eight genera (Alternaria, Aspergillus, Chaetomium, 

Cladosporium, Hypocopra, Bipolaris, Penicillum and Mucor). Teleomorphs were produced in the isolates in culture and 

represented five distinct taxonomic groups belonging to 8 genera Coniothyrium, Didymella , Leptosphaerulina, Neodidymellio, 

Phoma, Readeriella, Dothideomycetes and Thielavia. Among the 124 isolates collected, Holomorphs are found, representing one 

type of taxa (Mucor sp.). 

   

The group used ITS region sequencing to identify several fungal species included. Based on ITS rDNA sequence similarity (95%) 

to operationally designate species boundaries, a total of 1 fungal species were recovered from 1,403 endophytic strains isolated 

from common plants in the arctic, boreal, temperate, and tropical localities, which represent phylogenetically diverse plant taxa 

[47]. Similarly, a total of 439 isolates representing 24 morphotaxa were isolated from asymptomatic foliage of loblolly pine 

(Pinustaeda) in North Carolina, USA. Sequence data from the ITS region for 150 isolates revealed 59 distinct ITS genotypes that 

represent 24 and 37 unique groups based on 90% and 95% sequence similarity, respectively [48].  

The isolated fungi during this work have been previously isolated as endophytes from a wide range of different host plants [7; 49; 

50; 51; 52; 53; 54; 55; 56].  

 

The antimicrobial activity of Seven fungal species as: Alternaria alternata, Chaetomium strumarium, Dothideomycetes sp., fungal 

sp., Neodidymelliopsis sp., Penicillium chrysogenum and Readeriella callista against five pathogenic microorganisms as 

(Escherichia coli, Candida albicans, Staphylococcus aureus, Streptococcus pneumonia and Enterococeus faecium). Six out of 

seven isolates had inhibition activity against at least one of the bacteria tested, and fungal sp. had antimicrobial activity against all 

pathogenic microbes, is followed by Penicillium chrysogenum, Alternaria alternata, Chaetomium strumarium, and Readeriella 

callista, these results highlights be promising sources for the discovery of antimicrobial compounds. But the Dothideomycetes sp. 

Is unable to inhibit the growth of all bacteria tested. Bioactive compounds found in endophytic fungi have been reported by several 

researcher groups [1; 5; 36; 57; 58; 59; 60; 61; 62; 63; 64; 65; 66]. 

 

When I studied the hypothesis (Endophytic fungi have a high ability to antimicrobial activity), it was proven that the internal fungi, 

when studying their microbial activity against a group of human pathogenic microbes, show the validity of this hypothesis its high 

ability to inhibit. It is clear through the study that the goals have been reached: the evaluation and characterization of endophytic 

fungi at the molecular level, diversity and antimicrobial activities of endophytic fungi of forest plants in Taif, Saudi Arabia. 

 

 

CONCLUSION & RECOMMENDATION 

 
A total of 180 leaf and stem segments obtained from nine wild plants collected from Taif region, Saudi Arabia, were screened for 

the presence of endophytic fungi. Twenty-five species that belong to sixteen genera were isolated and identified phenotypes and 

genotypes during this study and the most common genera were Alternaria and cladosporium.   

 

The antimicrobial activity of Seven fungal species as: Alternaria alternata, Chaetomium strumarium, Dothideomycetes sp., Mucor 

sp., Neodidymelliopsis sp., Penicillium chrysogenum and Readeriella callista against five pathogenic microorganisms as (Candida 

albicans, Escherichia coli, Enterococeus faecium, Staphylococcus aureus and Streptococcus agalactiae), the isolates were a 

promising antimicrobial activity except for Dothideomycetes sp. It can be concluded that the antimicrobial activity of these 

endophytic microorganisms could be exploited in biotechnology, medicine, and agriculture.  
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