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Abstract 

Plant-microbe associations are crucial in rhizosphere ecosystem processes, as positive 

interactions between plants, mycorrhizal fungi, and plant-growth-promoting rhizobacteria 

(PGPR) increase crop yield and serve as natural alternatives to chemical pesticides for 

controlling plant diseases. This study aimed to isolate microbes from three plants: 

Solenostemma argel, Heliotropium arbainense, and Suaeda vermiculate from Uhud Mountain 

in Al-Madinah Al-Munawara. Most isolates showed promising results for PGP traits under in 

vitro conditions, both culturally and biochemically. Bacterial isolates belonged to two phyla, 

Firmicutes and Actinomycetota, while fungal strains belonged to three phyla: Ascomycota, 

Deuteromycota, and Zygomycota. The efficiency of isolated microbes in producing 

antimicrobial agents against pathogenic microbes was assessed by measuring their zone of 

inhibition using agar plug diffusion and agar-well diffusion methods. Results showed that the 

maximum zone of inhibition was noted in Bacillus isolate C13 against Penicillium (30.3 ± 0.6 

mm) in primary screening, while isolate C8 (42.7 ± 8.0 mm) was the most active against 

Aspergillus in secondary screening. Evaluating fungal isolates' antagonistic activity revealed 

the highest activity for isolate A2 (76.7 ± 10.4). This study demonstrated that employing 

microbes as biological control factors against plant pathogens could be an effective strategy 

for numerous agricultural advancements.  

Keywords: Disease control; Heliotropium arbainense; Uhud Mountain; Solenostemma argel; 

Suaeda vermiculate 
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1. Introduction 

    Al-Madinah Al-Monawara (Al-Madinah) is a city in western Saudi Arabia, 150 

kilometers east of the Red Sea and 400 kilometers from Makkah. Mountains range in height 

from 800 to 1500 meters above sea level and surround the city to the north, south, and west. 

The tallest of these mountains is Al Waira, followed by Uhud (1087 m) [1]. Among the 

mountains in the area, Uhud Mountain stands out as one of the most important historical sites 

in the Arab Peninsula. No thorough floristic study has been done due to Uhud Mountain's 

rugged terrain. Due to the significant elevation variations, mountainous regions exhibit more 

incredible plant species richness and variety than lowland regions [2]. 

The rhizosphere has been described to include three zones: the endorhizosphere, as 

portions of the root cortex and endodermis where microbes and mineral ions reside in the 

apoplastic space between cells; the rhizoplane, as the middle zone next to the root epidermal 

cells and mucilage; and the ectorhizosphere, as the outermost zone which extends from the 

rhizoplane out into the bulk soil [3]. Roots regulate microbial activity in the rhizosphere of the 

soil by releasing root exudates. Microbes can directly or indirectly accelerate plant growth by 

preventing illness [4]. Plant-microbe interactions in the rhizosphere are crucial in various 

ecosystem processes, including carbon sequestration and nutrient cycling [5]. Positive plant-

microbe interactions include symbiotic relationships with plant-growth-promoting 

rhizobacteria (PGPR) and mycorrhizal fungi that exist as endophytes or epiphytes. These 

interactions were shown to benefit plants in a variety of ways, including disease control [6-8], 

increased nutrient uptake and availability [9, 10], increased resistance to biotic stresses [11, 

12], and abiotic stresses [13, 14], each of which led to increased plant productivity [15]. 

Therefore, the present study is designed for the following: 

1. Isolation of microbes from the rhizosphere and the soil around some growing plants 

collected from Uhud Mountain in Almadinah Almunawwarah. 

2. Identification of the isolated microbes morphologically and biochemically. 

3. Study some biotechnological impacts of the isolated microbes, like the production of 

enzymes and antimicrobial activities. 

4. Study some plant growth parameters of the isolated microbes, like phosphate solubilization 

and nitrogen fixation. 
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2. Materials and methods  

2.1. Isolation of tested isolates colonizing root system of tested plants 

2.1.1. Sampling of plants and collection of rhizosphere soil samples 

   Samples were collected from Uhud Mountain in Al-Madinah Al-Munawara in Saudi 

Arabia; plant A (24°32'25.0" N 39°36'06.5" E), which had sandy soil, and plant B and plant C 

(24°32'22.6" N 39°36'09.5" E), which also had sandy soil. The view from the locations where 

plants were sampled is represented in Figure 1. Rhizosphere soil samples were obtained from 

three selected plant specimens that were identified with the help of Dr. Safia Abdullah Biology 

Department, College of Science, Taibah University. These samples were carefully placed in 

sterile bags and then transferred to the laboratory. 

2.1.2. Isolation of microorganisms in the rhizosphere of the tested plants 

The isolation procedure was initiated within 24 hours after sample collection. The 

procedure outlined by Vlassak et al. [16] was followed for microbial isolation. In this 

experimental procedure, 10 grams of rhizosphere soil associated with roots of each plant 

sample were collected and placed in a conical flask containing 90 milliliters of saline solution 

with a concentration of 0.85%. The specimen was agitated for 15 minutes using a vortex 

apparatus, after which successive soil suspensions were diluted. From the prepared dilutions, 

0.1 ml was spread onto sterilized petri plates containing nutrient agar (NA), potato dextrose 

agar (PDA), and Sabouraud dextrose agar (SDA) medium, which were prepared according to 

the ready-made manufacturer's directions (HIMEDIA) by dissolving 13 g, 39 g, and 65 g of 

commercially formulated media separately in 1 liter of distilled water. Then, the mixtures were 

sterilized at 121°C for 20 minutes and incubated for one day at 37°C for bacteria and 5-7 days 

at 28 ± 2 °C for fungi. The resulting colonies were purified using the streaking plate method 

on the previously mentioned medium. Actinomycetes isolates were purified on starch nitrate 

agar media [17] containing the following composition (g/L): starch 20; KNO3 2; NaCl 0.5; 

K2HPO4 1; MgSO4.7H2O 0.5; CaCO3 3; FeSO4.7H2O 0.01; agar 20; and distilled water up to 

1L. Finally, the resulting colonies were transferred to slant agar for short-term preservation. 
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Figure 1: View the locations where plants were sampled from Uhud Mountain in Al-Medina 

Al-Munawara. 

2.1.3. Microbiological media 

 Initially, the preliminary assessments involved using Gram's staining technique, examination 

of spore formation, and growth on MacConkey agar. The MacConkey agar composition per liter of 

distilled water included peptone 17 g, lactose 10 g, bile salts 1.5 g, proteose peptone 3 g, NaCl 5 g, 

neutral red 0.03 g, crystal violet 0.001 g, and agar 3.5 g, adjusted to a pH of 7.1 ± 0.2. The catalase test 

was conducted using hydrogen peroxide. For starch hydrolysis, the test was performed on starch agar 

media, with a composition per liter of distilled water: meat extract 3 g, starch 2 g, the peptic digest of 

animal tissue 5 g, and agar 15 g, adjusted to a pH of 7.2 ± 0.1. The Mannitol fermentation test was 

conducted on mannitol salt agar, formulated with the following components per liter of distilled water: 

enzymatic digest of casein 5.0 g, enzymatic digest of animal tissue 5.0 g, beef extract 1.0 g, D-mannitol 

10.0 g, NaCl 75.0 g, phenol red 0.025 g, and agar 15.0 g and pH adjusted to 7.4 ± 0.2. Carbohydrates 

fermentation on phenol red broth, which contains per liter of distilled water: proteose peptone 10 g, HM 

peptone B 1 g, NaCl 5 g, and phenol red 0.018 g, pH to 7.4 ± 0.2 including addition of 5g of glucose 

and sucrose separately. Citrate utilization on Simmons citrate agar, which contains per liter of water: 

MgSO4·7H2O 0.2 g, K2HPO4 1 g, sodium citrate 2 g, NaCl 5 g, NH4H2PO4 1 g, bromothymol blue 0.08 

g, and agar 15 g, pH 6.8 ± 0.2. Tests were performed using standard methods by Cappuccino and 

Sherman [18]. Casein hydrolysis was conducted on Skim milk SM agar media contains per liter of 

distilled water: SM powder 28 g, tryptone 5 g, dextrose (glucose)1g, yeast extract 2.5 g, and agar 15 g, 

pH 7.0 ± 0.2. Proteolytic bacteria hydrolyze casein to form soluble nitrogenous  compounds indicated 

Plant  A  

Plant  B&C 
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as clear zones surrounding the colonies [19]. A urease test was conducted on Urea Agar Base which 

contains per 950 ml of water: peptone 1g, dextrose (glucose) 1g, sodium chloride 5g, potassium 

dihydrogen phosphate 0.8 g, phenol red 0.012 g, disodium hydrogen phosphate 1.2 g, and agar 15 g, 

final pH 6.8 ± 0.2. The medium was heated to boiling to ensure complete dissolution, followed by 

autoclaving at 10 lbs pressure (115°C) for 20 minutes. After cooling to 45-50°C, the total volume was 

aseptically completed to 1 liter by adding 50 ml of sterile 40% urea solution [20]. Finally, lipid 

hydrolysis was performed by inoculating the bacterial isolates on the basal culture media for lipase 

production, which contain (g/L): glucose (10), NaCl (5), K2HPO4 (0.3), KH2PO4 (1), CaCl2 (2), peptone 

(10), yeast extract (5), MgSO4.7H2O (0.2), (NH4)2SO4 (2), and olive oil 2% (v/v), pH 7.0 ± 0.2. Then, 

the plates were incubated at 37°C for 24 hours. After the period of incubation, the plates were flooded 

with copper sulfate 20% for determination of lipase activity, and green to blue precipitate was observed 

as a positive result for lipid hydrolysis activity [21]. 

2.2.Determining the colony forming unit (CFU) 

 CFU was calculated for tested isolates by multiplying the appropriate dilution factor 

by the number of colonies in each sample.  

The CFU was calculated only for the countable colonies (30-300) using the formula: 

CFU/g = (number of colonies x dilution factor) 

2.3.Cultural, morphological, and biochemical characterization of the tested isolates 

The isolates were characterized by evaluating their cultural and biological features. 

Different biochemical parameters were performed to identify the bacterial isolates.  

2.3.1. Identification of the tested isolates 

The general morphology of bacteria was observed from young cultures (24 h) grown 

on nutrient agar plates. Bacterial films were prepared, stained using gram staining and spore 

staining, and examined using a microscope with an oil immersion objective to determine 

microscopic appearance [22]. According to Bergey's Manual of Systematic Bacteriology, the 

tested isolates were identified up to the genus level according to morphological and 

physiological characteristics [23]. These isolates are most probably Bacillus.  

The tested Actinomycetota were identified by examination of morphological and 

physiological characteristics up to genus level using the keys described in Bergey's Manual of 

Systematic Bacteriology and the International Streptomyces Project (I.S.P) [24].  

Morphological characters of the selected isolates were studied by inoculating into 

sterile media like, glycerol yeast extract agar, oatmeal agar, mineral agar, and starch casein 

agar. The media was sterilized and poured into sterile Petri dishes. After solidification, selected 

isolates were streaked aseptically and incubated at 30 °C for 7 d. Morphological characters 
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such as colony characteristics, pigment production, absence or presence of aerial and substrate 

mycelium was observed. The arrangement of spores and sporulating structures were examined 

microscopically by using cover slip culture method by inserting sterile cover slip at an angle 

of 45 °C in the starch casein agar medium. A loop full of isolates was taken from 7 d old culture 

media, inoculated at the insertion place of the cover slip and incubated at 30 °C for 7 d. The 

cover slip was carefully removed by using sterile forceps and placed upward on a clean glass 

slide. The bacterial growth on the cover slip was fixed with few drops of absolute methanol for 

15 min and washed with tap water then flooded with crystal violet reagent for 1 min followed 

by washing and blot drying. Finally, the cover slip was examined under the microscope by 

using oil immersion lens (100×) [25]. 

The tested fungi were identified based on macroscopic (on SDA and PDA) and 

microscopic characteristics (hypha, reproductive structures, and diameter) according to 

Humber (1997) up to genus level [26]. 

Antibiotic sensitivity 

 Bacterial isolates were tested against 6 different antibiotics: KF 30 μg, PG 10 units, E 

15 μg, AP 10 μg, CD 2 μg, and TS 25 μg (MASTRING-S) by the Kirby-Bauer disk diffusion 

method [27]. Mueller-Hinton medium was prepared for inoculation with freshly prepared 

bacteria and incubated for 24 h at 37°C. Then, the inhibition zones were measured with a ruler 

using a mm scale. The experiment involved carrying out triplicate tests to determine the 

inhibitory zone's average diameter . 
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2.4. Plant growth-promoting parameters of microbial isolates 

2.4.1. Phosphate solubilization 

Phosphate solubilization activity of microbial isolates was detected by inoculating 

isolates on Pikovskayas's agar, which contains glucose (10 g), (NH4)2SO4 (0.5 g), Ca3(PO4)2 (5 

g), NaCl (0.2 g), MgSO4.7H2O (0.1 g), KCl (0.2 g), FeSO4.7H2O (0.002 g), yeast extract (0.5 

g), MnSO4.H2O (0.002 g), agar (10 g), H2O (1000 ml), pH of 7.0, and incubated at 30°C for 48 

h for bacteria and at 27 ± 2°C for 5-7 days for fungi. Following this, a clear region surrounding 

the colony was deemed a positive indication of phosphate solubilization [28]. 

2.4.2. Nitrogen fixation assay on Jensen's medium 

Isolated bacteria were screened on Jensen's medium for nitrogen fixation activity [29]. 

The composition of Jensen's medium per liter of distilled water was as follows: sucrose (20 g), 

CaCO3 (2 g), K2HPO4 (1 g), NaCl (0.5 g), FeSO4 (0.1 g), Na2MoO4 (0.005 g), MgSO4.7H2O 

(0.5 g), agar (20 g), pH 6.9, and incubated at 30°C for two days. The positive result is indicated 

by the presence of growth. 

2.5. Detection of the antagonistic effect of isolated bacteria against plant pathogenic fungi   

The present study employed three pathogenic fungi: Aspergillus sp., Alternaria sp., and 

Penicillium sp. The pathogenic fungal isolates were obtained from a culture collection from 

the College of Science, Department of Biology, University of Taibah . 

2.5.1. Primary screening (microbial antagonism plate assays) 

Each isolate was streaked into a nutrient agar plate and incubated at 37°C for 24-48 h, 

as per the modified method described in [30]. A 10 mm agar plug with actively growing 

bacteria (24 h old culture on NA) was placed on the plate containing the fungal growth. 

Following 5-7 days of incubation, antagonism was determined as the distance between the 

isolate and fungal growth. 
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2.5.2. Secondary screening by modified agar-wells diffusion method  

The isolates were added to the nutrient broth and incubated at 37°C for a duration 

ranging from 24 to 48 hours. Next, the cell-free supernatant (CFS) was acquired through 

centrifugation at 6000 rpm for 15 minutes using an MPW-350R centrifuge. A 0.2 ml portion 

of the activated fungal suspension was then gently spread across the surface of the nutrient 

agar. In the agar-wells diffusion technique, wells were created in the pour plates using a sterile 

cork borer with a 10 mm diameter, and these wells were subsequently filled with 200 μl of the 

CFS previously prepared [31]. Afterward, all the plates were allowed to stand at room 

temperature for 2 hours. They were then incubated under aerobic conditions at 27 ± 2°C for 5 

to 7 days. The resultant inhibition zones around the wells were measured in millimeters, and 

their measurements were duly recorded.  

2.6. Antagonistic activity of isolated fungi against plant pathogenic fungi   

To assess the antagonistic efficacy of fungal isolates towards phytopathogenic fungi, a 

10 mm diameter disc of the antagonistic isolates derived from the periphery of a 6-day-old 

culture was positioned on one side of Petri dishes with potato dextrose agar (PDA). The plates 

were incubated at 27 ± 2°C for one day. Subsequently, individual agar plates were 

prepared, and a disc of 10 mm in diameter containing phytopathogenic Alternaria, Aspergillus, 

and Penicillium cultures aged 7 days was carefully put on each plate, ensuring that the disc was 

positioned opposite to the isolates. The plates were incubated at 28 ± 2Cº for 6 days. The growth 

of the phytopathogens compared to the antagonist growth was visually observed at the end of 

the incubation period. Each fungus was inoculated alone as a control [32]. 

3. Results and discussions  

3.1. Isolation of tested isolates colonizing root system of tested plants 

A total of 51 isolates (38 of bacteria and 13 of fungi) were isolated on nutrient agar, 

starch nitrate agar, potato dextrose agar, and Sabouraud dextrose agar medium from the 

rhizosphere soil of Mount Uhud in Al-Madinah Al-Munawara in Saudi Arabia. They revealed 

that 38 bacteria isolates were divided into seven from plant A, 13 from plant B, and 18 from 

plant C, and 13 fungi were divided into nine from plant A, one from plant B, and three from 

plant C, after excluding similar isolates. 
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3.2. Determining the colony forming unit (CFU) 

The CFU for each rhizosphere isolate revealed that plant C soil (2790) has the highest 

number of colonies, followed by plant A soil (570), and finally plant B soil (300). 

3.3. Cultural and microscopic characterization of tested isolates 

3.3.1. Bacterial isolates  

 Color, size, texture, elevation, margin, opacity, form, Gram stain reactivity, and cell 

shape characteristics were used to identify all isolates, as summarized in Tables 1, 2, and 3. 

The findings indicated that the isolates exhibited a diverse array of cultural traits. At the same 

time, some isolates were identified as spore-forming. 
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Table 1: Cultural and microscopic characteristics of bacterial isolates from the rhizosphere soil of Suaeda vermiculata  

 

 

 

 

 

 

Spore 

formation 
Cell shape 

Gram 

reaction 
Elevation Opacity Form Texture Size Margin Color Isolate 

+ short bacilli + flat Opaque circular smooth Medium Undulate white A1 

- short bacilli + umbonate transparent circular smooth small Undulate white A2 

+ short bacilli + raised Opaque circular smooth very small Entire pink A3 

+ short bacilli + flat Opaque circular smooth medium Undulate white A4 

- short bacilli + flat Opaque irregular smooth medium Undulate creamy A5 

+ short bacilli + flat Opaque irregular rough small Undulate white A6 

- short bacilli in chain + convex transparent circular smooth small Entire white A7 
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Table 2: Cultural and microscopic characteristics of bacterial isolates from the rhizosphere soil of Heliotropium arbainense 

 

 

 

Spore 

formation 

 Cell shape Gram 

reaction 

Elevation Opacity Form Texture Size Margin Color Isolate 

+  short bacilli + raised opaque irregular rough large Undulate pink B1 

+  short bacilli + raised transparent circular smooth very small Entire creamy B2 

-  short bacilli + flat opaque irregular rough large Entire white B3 

-  short bacilli + raised opaque irregular rough medium Undulate creamy B4 

-  long bacilli + convex opaque irregular smooth medium Undulate creamy B5 

-  short bacilli + raised opaque irregular rough medium Undulate white B6 

+  long bacilli + convex transparent circular smooth small Undulate pale 

yellow 

B7 

+  short bacilli + convex opaque irregular smooth large Undulate apricot  B8 

+  long bacilli + raised transparent circular smooth very small Undulate pink B9 

-  short bacilli + raised transparent irregular smooth medium Undulate creamy B10 

-  long bacilli + raised opaque circular smooth medium Filiform orange B11 

-  long bacilli + convex opaque irregular smooth large Undulate creamy B12 

-  short bacilli + convex opaque irregular smooth large Undulate orange B13 
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Table 3: Cultural and microscopic characteristics of bacterial isolates from the rhizosphere soil of Solenostemma argel 

 

Spore 

formation 
 Cell shape Gram 

reaction 

Elevation Opacity Form Texture Size Margin Color Isolate 

-  short bacilli + convex opaque irregular smooth very small undulate white C1 

+  short bacilli + raised transparent circular smooth very small undulate creamy C2 

-  short bacilli + convex opaque irregular smooth small undulate white C3 

-  short bacilli + convex transparent circular smooth very small Entire white C4 

+  short bacilli + convex opaque irregular smooth medium undulate apricot C5 

-  short bacilli + convex opaque circular smooth medium undulate white C6 

-  short bacilli  + convex opaque irregular smooth large undulate creamy  C7 

-  short bacilli + convex opaque irregular smooth small undulate creamy C8 

-  short bacilli + raised transparent circular smooth medium Entire pale yellow C9 

-  short bacilli + convex opaque circular smooth medium undulate creamy C10 

-  short bacilli  + raised opaque circular smooth very small Entire creamy C11 

-  short bacilli + convex opaque irregular smooth medium undulate creamy C12 

-  short bacilli + raised opaque circular smooth large undulate creamy C13 

-  short bacilli + flat opaque circular rough large Entire apricot C14 

-  short bacilli in chain + convex opaque irregular smooth large undulate white C15 

-  short bacilli + flat opaque irregular smooth large undulate creamy C16 

-  short bacilli in chain + raised opaque irregular smooth large undulate white C17 

-  short bacilli + raised opaque irregular smooth large undulate pink C18 
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On applying Gram's staining, all bacterial isolates from the three plants revealed a positive 

reaction (Figure 2). 

                                 

     

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Gram staining for the tested bacterial isolates from tested plants after incubation in 

nutrient agar medium for 24h at 37°. Isolate C16 (A), isolate B11 (B), and isolate A7 (C). 

 

C 

B A 
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3.3.2. Fungal isolates 

 The fungal isolates obtained from the various plant rhizosphere soils were identified 

macroscopically and microscopically as Aspergillus, Fusarium, Penicillium, and Rhizopus 

species. The microscopic features of the isolates are presented in (Figure 3). Aspergillus 

species had septate hyphae, hyaline conidiophores and radial conidial head bearing the spores 

(isolates A2, A4, A5, A9, B1 and C2). Penicillium species appeared as septate hyphae with 

conidiophores and secondary branches (metulae). The metulae bear flasked shaped phialides 

with unbranched chains of round conidia (A3 isolate). Fusarium species showed septate 

hyphae, sickle- shaped macroconidia (isolates A1, A6, A7, A8 and C1). Rhizopus with a deeply 

cottony texture of the colony having a white to gray-brown color on the top, pale white color 

on the reverse and Brown coloured branched sporangiophores occurring in  clusters at the tip 

of the hyphal tubes. The spores are rounded  with flattened bases (C3 isolate).    
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Figure 3:Microscopic and macroscopic characteristics of the tested fungal isolates from 

tested plants after incubation on Sabouraud agar medium for 5 days at 27 ± 2°C. Aspergillus 

(A), Penicillium (B), Fusarium (C), and Rhizopus (D).

A 

B 
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3.4. Biochemical characterization of tested isolates 

     The biochemical examination of the isolated bacteria was displayed in Tables 4, 5, 

and 6 and illustrated in Figures 4 and 5. All isolated bacteria were positive in the catalase test 

and found acid-producing when tested for mannitol fermentation. However, all isolated 

bacteria had a negative reaction to lactose fermentation when cultured on MacConkey agar. In 

most isolates, 30 out of 38 were capable of hydrolyzing urea, followed by 26 capable of 

breaking down starch, 21 were degraded casein, and nine isolates were capable of hydrolyzing 

lipids. Most isolates have used glucose and sucrose as energy sources, whereas a few have used 

citrate. Therefore, bacterial isolates belonged to two phyla, Firmicutes and Actinomycetota, 

after isolates were identified culturally and biochemically. 
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Table 4: Biochemical parameters of bacterial isolates from the rhizosphere soil of Suaeda vermicular 

 

Growth on 

MacConkey 

agar 

Citrate 

utilization 

Catalase 

test 

Casein 

hydrolysis 

Starch 

hydrolysis 

Mannitol 

fermentation 

Glucose 

fermentation 

Sucrose 

fermentation 

Lipid 

hydrolysis 

Urea

se 

test 

Isolate 

- 

 

+ 

 

+ + + + + + + + A1 

- + + - - + + + + + A2 

- - + + + + + + + - A3 

- + + - + + + + + + A4 

- + + - + + + + + + A5 

- - + + - + + + + - A6 

- - + + + + + + - + A7 

*For sugar fermentation tests + reaction means bacterial isolates produce acid only. 
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Table 5: Biochemical parameters of bacterial isolates from the rhizosphere soil of Heliotropium arbainense 

 

Growth on 

MacConkey agar 

Citrate 

utilization 

Catalase 

test 

Casein 

hydrolysis 

Starch 

hydrolysis 

Mannitol 

fermentation 

Glucose 

fermentation 

Sucrose 

fermentation 

Lipid 

hydrolysis 

Urease 

test 

Isolate 

- + + - + + + + - 

 

+ B1 

- - + - + + - - - + B2 

- + + + + + + - - + B3 

- - + - - + + + - + B4 

- - + + + + + + - + B5 

- - + + + + - + - + B6 

- - + - + + + + - - B7 

- - + + + + + + - - B8 

- - + - - + + + - + B9 

- - + - - + + + - + B10 

- + + - + + + + - - B11 

- - + + + + + + + + B12 

- - + - + + + + - + B13 

*For sugar fermentation tests + reaction means bacterial isolates produce acid only. 
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Table 6: Biochemical parameters of bacterial isolates from the rhizosphere soil of Solenostemma argel 

 

*For sugar fermentation tests + reaction means bacterial isolates produce acid only 

Growth on McConkey 

agar 

Citrate 

utilization 

Catalase 

test 

Casein 

hydrolysis 

Starch 

hydrolysis 

Mannitol 

fermentation 

Glucose 

fermentation 

Sucrose 

fermentation 

Lipid 

hydrolysis 

Urease 

test 

Isolate 

- - + - + + + + - 

 

+ C1 

- - + - + + + + - + C2 

- - + - - + - + - + C3 

- - + + - + + + - + C4 
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Figure 4: Results for different biochemical tests applied for identifying the tested bacterial 

isolates after incubation for 24h at 37°C. Positive to mannitol fermentation for isolate A1, A2, 

and B2 (A), positive to starch hydrolysis test for isolate A5 and negative for isolate A2 (B), 

positive to casein hydrolysis test for isolate B12 and negative for isolate B13 (C), positive to 

lipid hydrolysis test for isolate C12 and negative for isolate C13 (D). 

 

Figure 5: Results for different biochemical tests applied for identifying the tested bacterial 

isolates after incubation for 24 h at 37°C. Positive to catalase test for isolate A3 (A), positive 

to urease test for isolate C11 and negative for isolate C10 (B), positive to glucose fermentation 

by production of acid for isolate B1 and negative for isolate B2 (C), positive to sucrose 

fermentation by production of acid for isolate B4, B5. (D), positive to citrate utilization for 

isolate A2 and negative for isolate A6 (E). *C: Negative control 

3.4.1 Antibiotic sensitivity 

The results for testing antibiotic sensitivity against 6 different antibiotics showed that 

all isolates were sensitive to cotrimoxazole (Tables 7, 8, and 9). 
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Table 7: Antibiotic sensitivity of bacterial isolates from Suaeda vermiculata 

TS KF PG E CD  AP  Phylum   Isolate 

 

31 ± 2(S) 22 ± 1.7(S) R 17 ± 2(S) R 15 ± 1 (S) Firmicutes A1 

29 ± 1.5(S) 19 ± 2(S) 13 ± 1.2(S) R 15 ± 1(S) 18 ± 5(S) Firmicutes A2 

29 ± 1.2(S) R R 17 ± 1.5(S) 22 ± 1.5(S) R Firmicutes A3 

30 ± 0 (S) 32 ± 1.5(S) 24± 1.5(S) 31 ± 2.6(S) 19 ± 2.6(S) 23 ± 1.5(S) Firmicutes A4 

31± 1(S) 29± 0 (S) 24± 0 (S) 32 ± 2.1(S) 17 ± 1(S) 24 ± 1.7(S) Firmicutes A5 

30.7± 1.2(S) R R R 17 ± 4(S) R Firmicutes A6 

26.3± 2.3(S) 26.3± 2.9(S) 16± 1.7(S) 31± 1.5(S) R 18 ± 1.5(S) Firmicutes A7 

     *R: Resistant, S: Sensitive 

 

Table 8: Antibiotic sensitivity of bacterial isolates from Heliotropium arbainense 

*R: Resistant, S: Sensitive 

 

 

 

 

 

TS KF PG E CD AP Phylum Isolate 

26± 3.6(S) 18± 1.2(S) R 21± 0.6(S) R R Actinobacteria B1 

20 ± 1.5(S) 15± 4.3(S) 15± 1.5(S) 20 ± 4.3(S) 22± 0.6(S) R Firmicutes B2 

25± 4.3(S) 16± 1.5(S) R 23 ± 0. 6(S) R R Firmicutes B3 

32± 6.5(S) 17± 1.7(S) 13± 2.6(S) 28± 1(S) R 19 ± 1(S) Firmicutes B4 

33 ± 0 (S) 34± 1.5(S) 20 ± 1(S) 27.3 ± 1.5(S) 23 ± 2(S) 23 ± 1(S) Firmicutes B5 

24± 1.7(S) 15 ± 1(S) R 22 ± 0.6(S) R R Firmicutes B6 

25± 2(S) R R R R R Firmicutes B7 

31 ± 1(S) R R R 25 ±1.5(S) R Firmicutes B8 

28 ± 1(S) R R R R R Firmicutes B9 

33 ± 7(S) 23± 1.5(S) 18 ± 1(S) 15 ± 2.1(S) 18 ± 1(S) 23 ± 2(S) Firmicutes B10 

33 ± 7.5(S) 24± 1.5(S) 20 ± 1(S) 19 ± 2(S) 23 ± 2(S) 24 ± 1(S) Actinobacteria B11 

32 ± 1(S) 34± 5(S) R 30 ± 1.5(S) 18 ± 1(S) R Actinobacteria B12 

29 ± 0 (S) R R 25 ± 1.2(S) R 12.7 ± 1.2(S) Actinobacteria B13 
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Table 9: Antibiotic sensitivity of bacterial isolates from Solenostemma argel   

 

*R: Resistant, S: Sensitive 

3.5. Plant growth-promoting parameters of bacteria 

Figure 6 shows the two parameters characterizing PGPR, nitrogen fixation and 

phosphate solubilization, and the results are presented in Tables 10, 11, and 12. The results 

show that 23 out of 38 isolates were positive for the two PGP parameters tested: 12 isolates in 

Solenostemma argel, nine isolates in Heliotropium arbainense, and two isolates in Suaeda 

vermiculata. 

 

TS KF PG E CD  AP  Phylum Isolate 

33 ± 1(S) 28 ± 1.5(S) 27 ± 2(S) 32± 0 (S) 21 ± 3.6(S) 21 ± 1(S) Firmicutes C1 

29.3 ± 2.1(S) 21 ± 2(S) R 30.7 ± 

1.5(S) 

R 15 ± 0 (S) Firmicutes C2 

32 ± 2(S) R R 18.3± 0. 

6(S) 

18.7 ± 3.5(S) 12 ± 1.5(S) Firmicutes C3 

24.3 ± 0.6(S) 20 ± 0 (S) 12± 0 (S) 30.3 ± 

1.5(S) 

R 14 ± 0 (S) Firmicutes C4 

32 ± 0 (S) 15± 1(S) R R R R Firmicutes C5 

28 ± 1.5(S) 31 ± 1.5(S) R 26 ± 1.5(S) R R Firmicutes C6 

30 ± 1.5(S) 34± 1.5(S) R 27 ± 1(S) R 18 ± 1(S) Firmicutes C7 

31 ± 0 (S) 35 ± 2.6(S) R 26 ± 1(S) 15 ± 2(S) 20 ± 0 (S) Firmicutes C8 

35 ± 0 (S) 25 ± 0 (S) 18± 1.5(S) 20 ± 3.1(S) R 18 ± 2(S) Firmicutes C9 

33 ± 2(S) R R 26 ± 1(S) R R Firmicutes C10 

32 ± 1(S) 20 ± 1(S) R R R R Firmicutes C11 

32 ± 1.5(S) 29 ± 1.5(S) R R R R Firmicutes C12 

30 ± 0 (S) 15 ± 2(S) R 30 ± 0.6(S) 17 ± 4.2(S) 15 ± 3.6(S) Firmicutes C13 

30 ± 1(S) 35 ± 3.6(S) R 30 ± 2(S) 17 ± 1(S) 15 ± 3.6(S) Firmicutes C14 

26 ± 0 (S) 20 ± 1(S) R 22 ± 1(S) R R Actinobacteria C15 

34 ±1(S) 31 ± 1(S) 26 ± 2(S) 31 ± 3.6(S) 22 ± 1(S) 29 ± 4 (S) Actinobacteria C16 

32 ± 2(S) 37 ± 0 (S) 20 ± 1(S) 30 ± 5.1(S) 19 ± 0.6(S) 21 ± 5(S) Actinobacteria C17 

31 ± 1(S) 39 ± 1(S) 20 ± 0 (S) 32 ± 

10.3(S) 

19 ± 7.9(S) 18 ± 7.6(S) Actinobacteria C18 
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Table 10: Plant growth-promoting parameters of bacterial isolates from the rhizosphere 

soil of Suaeda vermiculata 

Phylum Phosphate 

solubilization  

Nitrogen 

fixation  

Isolate 

Firmicutes - + A1 

Firmicutes + - A2 

Firmicutes - + A3 

Firmicutes + + A4 

Firmicutes + + A5 

Firmicutes - + A6 

Firmicutes - + A7 
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Table 11: Plant growth-promoting parameters of bacterial isolates from the rhizosphere soil of 

Heliotropium arbainense 

 

 

 

 

Phylum Phosphate 

solubilization  

Nitrogen 

fixation  

Isolate 

Firmicutes + + B1 

Firmicutes + + B2 

Firmicutes + + B3 

Firmicutes - + B4 

Firmicutes + + B5 

Firmicutes + + B6 

Firmicutes + + B7 

Firmicutes - + B8 

Firmicutes + + B9 

Firmicutes + + B10 

Actinomycetota - + B11 

Actinomycetota + + B12 

Actinomycetota - + B13 
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 Table 12: Plant growth-promoting parameters of bacterial isolates from the rhizosphere 

soil of Solenostemma argel  

 

Phylum Phosphate solubilization Nitrogen fixation Isolate 

Firmicutes + + C1 

Firmicutes - + C2 

Firmicutes + + C3 

Firmicutes - + C4 

Firmicutes + + C5 

Firmicutes + + C6 

Firmicutes + + C7 

Firmicutes + + C8 

Firmicutes + - C9 

Firmicutes + + C10 

Firmicutes - + C11 

Firmicutes + + C12 

Firmicutes + + C13 

Firmicutes - + C14 

Actinomycetota + + C15 

Actinomycetota + + C16 

Actinomycetota + + C17 

Actinomycetota - + C18 
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Figure 6: PGPR parameters for the tested bacterial isolates after 24-48h incubation at 30°C. 

Positive to nitrogen fixation for isolate A4 and negative for isolate A2 (A), positive to 

phosphate solubilization for isolate A2, and negative to isolate A1 (B). 

3.5.1. Phosphate solubilization abilities of fungal isolates 

The clear zone became visible in the three isolates of Aspergillus sp. and one isolate of 

Penicillium sp., but there was no clear zone in the other fungal isolates (Figure 7). 

  

 

 

  

 

 

Figure 7: Phosphate solubilization abilities of the tested fungal isolates after incubation for 5-

7 days at 27 ± 2°C. Positive to phosphate solubilization for Aspergillus isolates A2 (A) and 

negative to phosphate solubilization for Fusarium isolate C1 (B). 

 

A B 

B A 
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3.6. Detection of the antagonistic effect of isolated bacteria against plant pathogens 

3.6.1. Primary screening  

The agar-plug diffusion technique demonstrated antifungal activity; each isolate was 

streaked into a nutrient agar plate where NA was chosen rather than PDA or SDA; this was due 

to a preliminary test that showed that NA was the best medium for fungal and bacterial growth. 

From the total of 38 bacterial isolates investigated, only a few out of 24 isolates demonstrated 

inhibition zones towards three species of phytopathogenic fungi. This observation is further 

supported by the graphical representations in Figures 8, 9,10, and 11. On the other hand, four 

bacterial isolates did not exhibit any antifungal activity, as seen by the absence of noted 

inhibition zones. The maximum zone of inhibition was noted against Penicillium at 30.3 ± 0.6 

mm, followed by Alternaria at 30.3 ± 1.5 mm. Therefore, the decision to select isolates for 

secondary screening was based on the outcomes obtained from this procedure.  

4.6.2. Secondary screening  

During the secondary screening phase, only ten bacterial isolates had antifungal activity 

against only two types of plant pathogenic fungi, Aspergillus and Alternaria. However, these 

isolates did not demonstrate any antagonistic effect against Penicillium. The isolate C8 

exhibited the highest activity against Aspergillus (42.7 ± 8.0 mm), while C9 was the most active 

against Alternaria (29 ± 2.6 mm), as presented in Figures 12 and 13. 
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Figure 8: Antifungal activity of bacterial isolates from the rhizosphere soil of Suaeda 

vermiculate against three phytopathogenic fungi: Aspergillus, Alternaria, and Penicillium. 

 

Figure 9: Antifungal activity of bacterial isolates from the rhizosphere soil of Heliotropium 

arbainense against three phytopathogenic fungi: Aspergillus, Alternaria, and Penicillium. 
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Figure 10: Antifungal activity of bacterial isolates from the rhizosphere soil of Solenostemma 

argel against three phytopathogenic fungi Aspergillus, Alternaria, and Penicillium 
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Figure 11: Antagonistic effect of the tested bacterial isolates against three phytopathogenic 

fungi Aspergillus, Alternaria, and Penicillium, by agar-plug diffusion method. (A) isolates B6, 

C6 and 8 against Aspergillus, (B) isolate C15 against Aspergillus, (C) isolates B6, C6 and 8 

against Penicillium and (D) isolates C4, 9, 10, and 11 against Alternaria.  

 

 

 

 



Sara Al-Harbi and Ebaa Ebrahim El-Sharouny         J. Sci. Res. Sci., 2024, 41, (2),122:166 

- 152 -  
 

 

Figure 12: Antagonistic effect of the tested bacterial isolates against three phytopathogenic 

fungi by agar-well diffusion method: Aspergillus, Alternaria, and Penicillium. (A) isolates B1, 

3 and 9 against Aspergillus and (B) isolates B6, C6, and 8 against Alternaria.  

 

Figure 13: Antifungal activity of the tested bacterial isolates from tested plants against 

pathogenic fungi: Aspergillus, Alternaria, and Penicillium. 
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4.6.3. Estimation of antagonistic efficiency of fungal isolates from tested plants against 

phytopathogenic fungi 

 The results showed varying degrees of growth suppression by the phytopathogens. The 

highest activity was observed in the A2 isolate (76.7 ± 10.4), which exhibited a long growth 

diameter compared with Penicillium growth (20 ± 1.7), meaning that the isolate reduced the 

growth area of phytopathogens. Among 13 fungi isolates, only one isolate (A4) exhibited 

antagonistic activity against Alternaria, as seen in Figures 14, 15, 16, and 17. 
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Figure 14: Antagonistic activity of the tested fungal isolates from tested plants against 

phytopathogenic fungi: Aspergillus, Alternaria, and Penicillium. (A) isolate A4 against 

Aspergillus, (B) isolate A9 against Alternaria, and (C) isolate A4 against Penicillium.  
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Figure 15: Antagonistic activity of the tested fungal isolates from tested plants against 

Alternaria.  

Figure 16: Antagonistic activity of the tested fungal isolates from tested plants against 

Aspergillus.   
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Figure 17: Antagonistic activity of the tested fungal isolates from tested plants against 

Penicillium. 

4. Discussion 

 The present study showed that all tested bacterial isolates were Gram-positive. This is 

due to environmental factors such as temperature, moisture, and pH. Various environmental 

conditions, including temperature and moisture, impact the upper soil layers. For example, arid, 

semi-arid, and desert soils frequently experience high temperatures. Some observations have 

shown that temperatures in temperate soils from middle latitudes vary from 50 to 70 °C [33], 

whereas in desert regions, temperatures of 90°C have been seen [34]. Elevated temperatures 

are often associated with reduced water levels in the soil [35]. It was found that a Pseudomonas 

strain exhibited the highest extracellular enzyme activity in conditions of significant water 

activity, as conducted in an investigation by Gomez et al. [36]. However, a desiccation-resistant 

bacterium (Deinococcus) and a soil thermophilic isolate (Parageobacillus) showed the highest 

extracellular enzyme activity under dry conditions (specifically, water activity levels that 

varied from 0.5 to 0.8). 

Conversely, in our current study, Firmicutes dominated with 30 isolates that belonged 

to the genus Bacillus, followed by Actinomycetota with 8 isolates. Bacillus species are essential 
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members of the microbial flora that coexists with various crops. Many authors identify 

Pseudomonas as the dominant genus in the rhizosphere owing to its faster growth rate under 

favorable environmental conditions than Bacillus [37].  

Bacillus spp. predominates due to its ability to use the nutrients provided by the plant 

via exudates efficiently. Additionally, various investigations have reported that Bacillus strains 

have produced substances that inhibit the growth of other microorganisms [38]. The lifestyles 

of all members of Bacillaceae are defined by their ability to form endospores. This phenomenon 

allows them to survive under unfavorable conditions for long periods, a few reaching thousands 

of years [39]; this explains the presence of these Bacillus spp. in the Uhud Mountain. In 

contrast, an earlier investigation [40] identified Bacillus as the prevailing genus within the 

rhizosphere of Elaeagnus angustifolia L. In similar studies performed on pea plants by Nazir et 

al. [4], the genera Bacillus, Pseudomonas, Micrococcus, and Azotobacter were isolated. Their 

study recorded more strains (80 isolates) of rhizobacteria, and Gram-positive Bacillus 

dominated the rhizobacterial communities.  

 Our study observed the growth of actinomycetes. Similar phyla were also isolated in 

similar studies conducted on other plants, such as maize [41], grape [42], and peanut [43]. Most 

actinomycetes have significant therapeutic effects. They rely on the soils of plant rhizospheres 

for survival, where they can aid in preventing the infection of plants' roots by harmful bacteria. 

Some of them possess the capacity to produce antibiotics, siderophores, antimicrobial enzymes, 

and plant growth-boosting chemicals. They are also capable of phosphate solubilization and 

compete for food and space with plant pathogens [44]. These plant growth-promoting PGP 

microorganisms have the added benefit of acting as biofungicides. They can be used in 

conjunction with inorganic fungicides or as a substitute to control fungicide resistance among 

plant diseases and to minimize the number of fungicide applications per year, which would 

otherwise cause substantial deterioration of soil health [45]. 

Several enzymes, including amylase, caseinase, and lipase, have been identified in 

bacteria isolated from aggressive mountain regions. These enzymes exhibited thermostability 

and demonstrated tolerance to a diverse range of pH levels and other challenging circumstances 

essential to their use in industry applications [46]. Our data revealed that 26 out of 38 isolates 

can hydrolyze starch, followed by 21 degraded caseins, and nine isolates can hydrolyze lipids. 
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The bacteria isolated were tested under in vitro conditions for their plant growth-

promoting traits. The rhizospheric soil contained abundant total bacteria, followed by N2-fixing 

and phosphate-solubilizing bacteria. Additional study on biological N2 fixation and P 

solubilization is crucial for energy conservation. Therefore, adding potential microorganisms 

to soils may improve crop productivity by preserving a healthy microbial population and 

facilitating atmospheric N2 fixation while producing more soluble P through solubilizing 

insoluble P from the soil [47].  

Agronomists have extensively researched the colonization of plant root systems or soil 

through seed bacterization. The primary contributing factor to this phenomenon may be 

attributed to the secretion of nutrients by organisms inhabiting the soil environment, often 

referred to as the rhizosphere. Additionally, plant roots release signal molecules known as root 

exudates, which further contribute to this process. These chemicals are actively involved in the 

bacterial construction of the rhizosphere, hence influencing colonization [48]. 

Bacteria employ various techniques to support their antagonistic activity against other 

microbes, including synthesizing toxins, peptides, antibiotics, bacteriocins, and enzymes that 

inhibit their competitors' growth [49]. In another test to measure the efficacy of the bacterial 

abilities and their impact on plant growth, bacterial isolates were tested to detect their 

antifungal and antibacterial abilities against phytopathogenic fungi and human pathogenic 

bacteria.  

To ascertain the presence of bacteria with antagonistic properties against Aspergillus, 

Alternaria, and Penicillium, thirty-eight (38) bacterial isolates were examined. The primary 

screening results, conducted using the agar-plug diffusion method, revealed that thirty-four 

(34) of these isolates exhibited varying degrees of antagonism towards these three 

phytopathogenic fungi. Four isolates showed no antagonistic activity against phytopathogenic 

fungi.  

The growth inhibition of phytopathogens may be due to hyperparasitism, antibiosis 

[50], or the production of chitinase and B-1,3-glucanase enzymes, which degrade the cell wall 

of the pathogens [51]. Muhammad and Amusa [52] reported that two distinct mechanisms 

mediated the interactions between the antagonist and the pathogen. One aspect involves the 

synthesis of biologically active metabolites, while the other relates to the fast proliferation of 
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biocontrol agents on a wet agar surface, resulting in a reduction of pathogen development. The 

chitinolytic enzyme, one of the cell wall-degrading enzymes, is crucial in displaying 

antagonism by breaking down chitin, a significant structural component of the cell wall. The 

additional extracellular enzymes, 1,3-glucosidase, cellulase, and protease, are additionally 

responsible for hyphal lysis and preventing phytopathogen proliferation [53]. Chitinases are 

the primary defense mechanism produced by Actinomycetota against fungi [54]. 

Actinomycetes produced extracellular antifungal metabolites, particularly chitinase and β -1,3 

glucanase, which in F. oxysporum and S. rolfsii caused a swelling of the hyphae, aberrant 

morphologies, and cell wall lysis, preventing the growth of fungi [55, 56]. 

 In the secondary screening, eleven isolates were chosen to be tested against 

phytopathogenic fungi using the agar-well diffusion method. Most of them belonged to 

Bacillus spp., which can develop diverse secondary metabolites with distinct structures and 

functions [57]. Various studies have shown that Bacillus species are one of the most abundant 

sources of bioactive natural products; they have a broad spectrum of antimicrobial activity due 

to their use as antifungal agents [58] and antibacterial agents [59]. 

Our results indicated that all eleven isolates exhibited antagonistic effects against 

Aspergillus, but none showed antagonistic activity against Penicillium. The agricultural 

application of plant protection, specifically targeting soil-borne fungal infections, is a 

significant study area within a particular discipline. This field focuses on adapting to the soil 

environment, enhancing the ability to compete effectively against other microorganisms [60].  

As for evaluating the antagonistic activity of fungal isolates against tested 

phytopathogens, more significant differences were observed. Isolates that produced more 

antagonistic compounds against phytopathogens presented the highest growth area compared 

to pathogens' growth. Among the thirteen isolates tested, only one isolate, A4, produced 

compounds capable of reducing the growth of all phytopathogenic fungi. However, twelve out 

of thirteen fungal isolates did not reduce the growth of Alternaria sp. This finding is consistent 

with recent research by Lou et al. [61] that emphasizes the capacity of specific Alternaria 

isolates to generate bioactive compound metabolites that exhibit antifungal properties. Among 

thirteen isolated fungi, ten exhibited antagonistic activity against Penicillium sp., while five 

isolates reduced the growth of Aspergillus sp. Simultaneously, the highest activity was 

observed in the A2 isolate (76.7 ± 10.4), which exhibited a long growth diameter compared 

with Penicillium growth (20 ± 1.7), meaning that the isolate reduced the growth area of 
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phytopathogens. Many of the fungal isolates detected in our research are ascomycetes, 

recognized for their ability to generate antimicrobial substances [62]. Certain species of 

Aspergillus and Fusarium have been the subject of organic compound profiling, with Morath 

et al. [63] and Siddiquee et al. [64] having successfully isolated antifungal components. 

5. Conclusion 

In conclusion, using microbes as biological control factors for plant pathogens could be 

a promising technique for several agricultural improvements, as shown in this study. However, 

extensive research is required to ascertain the same antagonistic effect on other crops in vivo. 
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 الملخص العربي 

 المدينة المنورة مسح للميكروبات المستوطنة في جذور بعض النباتات المتنامية على جبل أحد في 

 2،1، إباء إبراهيم الشاروني،*1سارة الحربي

 قسم الأحياء، كلية العلوم، جامعة طيبة، شارع الجامعات، المدينة المنورة، المملكة العربية السعودية 1

 ، مصر قسم النبات والأحياء الدقيقة، كلية العلوم، جامعة الإسكندرية2

 : الملخص العربي 

الميكروباتالنباتات    ارتباطيعد    الخلفية: إن    و  حيث  بالجذور،  المحيطة  للمنطقة  البيئي  النظام  عمليات  في  حاسمًا  أمرًا 

المحاصيل وتعمل كبدائل   انتاج   التفاعلات الإيجابية بين النباتات وفطريات الميكوريزا والبكتيريا المحفزة لنمو النبات تزيد من

 طبيعية للمبيدات الكيميائية للسيطرة على أمراض النبات.

عزل    الطرق: إلى  الدراسة  هذه  نباتات:    الميكروباتهدفت  ثلاث   Solenostemma argel    ،Heliotropiumمن 

arbainense ، و Suaeda vermiculate  .من جبل أحد بالمدينة المنورة 

النبات في الظروف المختبرية،    النتائـج: فحص  سواءً عن طريق  أظهرت معظم العزلات نتائج واعدة لصفات تحفيز نمو 

، بينما  Actinomycetota   و  Firmicutesهما  شعبتين  . انتمت العزلات البكتيرية إلى  المزارع والخواص البيوكيميائية

. وقد تم تقييم كفاءة  Zygomycota، و    Ascomycota    ،Deuteromycota:  شعبانتمت السلالات الفطرية إلى ثلاث  

تثبيط  المعزولة في إنتاج عوامل مضادة للميكروبات ضد الميكروبات المسببة للأمراض من خلال قياس منطقة    الميكروبات

فطر    ضد   C8رقم     Bacillusعزلة البكتيريا العصوية  منطقة تثبيط كانت في    كبر. أظهرت النتائج أن أالنمو الميكروبي

Penicillium  (30.3    ±0.6  في الفحص الأولي، بينما كانت العزلم )ة م  C8  فطر  هي الأكثر فعالية ضد  Aspergillus  

فطر    A2م(. وكشف تقييم النشاط المضاد للعزلات الفطرية عن أعلى نشاط للعزلة  م  8.0±    42.7)  في الفحص الثانوي

Penicillium (76.7   ±10.4  .) 

أظهرت هذه الدراسة أن استخدام الميكروبات كعوامل مكافحة بيولوجية ضد مسببات الأمراض النباتية يمكن أن   الاستنتاج:

 يكون استراتيجية فعالة للعديد من التطورات الزراعية. 

ال الأمراض  :مفتاحيةالكلمات  على  أحدHeliotropium arbainense  ؛السيطرة  جبل  النبات؛    ؛؛  نمو  تحفيز  معلمات 

Solenostemma argel ؛Suaeda vermiculate 

 


