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ABSTRACT 
 

 

Worldwide biodiversity is impacted strikingly by global environmental change, and thus its impact is 

reflected in all life aspects. Identifying microorganisms in environmental samples, particularly soil could 

be a valuable interest to study their effect on soil quality and plant growth. Through this study, we 

conducted a molecular characterization of bacteria found in the rhizosphere of Medicago sativa plants 

grown in Hai'l soil and we highlighted their main properties. The analysis of sequences revealed that the 

main bacterial isolates were Pseudarthrobacter, Metabacillus, Priestia, and Massilia species. According 

to the sequence analyses and the phylogeny tree results, some of the identified bacteria were classified at 

the species level: one of the pseudarthrobacter isolates was identified clearly as Pseudarthrobacter 

phenanthrenivorans; Metabacillus isolates grouped with Metabacillus sediminilitoris and the two Priestia 

isolates closely related to Priestia aryabhattai. We concluded that Hai'l soil is a niche of diverse bacteria 

with a high interest in soil environment and ecosystems. Further studies are required for further 

classification of all identified bacteria and to define their specific role in the environment.  
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Introduction 

Biodiversity is a term given to all living things on the 

Earth, and biodiversity includes all organisms from the 

smallest to the largest and from the simplest to most 

sophisticated creatures. The term refers to genetic 

variation, ecosystem variation, and species variation 

within an area, biome, or planet (1). It is also defined 

as the variation of living organisms derived from all 

sources, including terrestrial and marine ecosystems. 

This variation includes biological diversity within 

species, as well as between different ecosystems. 

In the last decades, the world faced changes in the 

environment due to climate change, which emerged as 

a priority crucial issue, which got global attention  (2). 

Climate change affects all aspects of life including soil 

bacteria, which in turn affect agriculture leading to 

food insecurity (3). 

To address this issue, the most efficient way is to 

work on the availability of basic information about the 

targeted bacteria and exploit them in addressing 

environmental emergent issues that affect life like 

pollution and abiotic stresses. The reason behind that is 

these bacteria work together in the consortium as a 

community in the environment to maintain it clean and 

maintain plant health and survival under environmental 

stresses (4,5). In addition, this approach is low-cost and 

eco-friendly technology. 

In bioremediation and inoculation approaches either 

one uses the micro-organisms already present at the site 

of contamination which is called “intrinsic 

bioremediation” or inoculums composed of micro-

organisms characterized by special catabolic properties 

which is called “bioaugmentation”  (6). Therefore, this 

study was conducted to identify and characterize the 

beneficial bacteria found in the soil around Medicago 
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sativa plants, thus contributing to the availability of 

basic information about the beneficial bacteria 

inhabiting Hai'l soil as a step toward application. 

 

Materials and Methods 

Study area 

Ha'il is located in the northwestern region of the 

KSA (27° 31′ 0″ N, 41° 41′ 0″ E). This area is 

considered as an agricultural and pastoral province, 

characterized by rich water resources, fertile soil, and a 

temperate climate. This has resulted in agricultural 

development, based on agricultural products, e.g. 

grains, dates, vegetables, forage crops, and fruit 

production. In recent history, a large percentage of the 

Kingdom's wheat production came from Ha'il 

Province, as the area to the North East of Ha'il, 60 km 

to 100 km away, predominantly consists of irrigated 

gardens. Nowadays, different crops and fruit trees are 

cultivated in Ha'il, including barley, corn, vine trees, 

date palms, citruses, and other economical crops. 

 

Isolation of Bacteria 

Medicago sativa roots were collected from the 

Agricultural plantation garden (APG) in the study area. 

The APG is periodically replenished from the 

communal water supply system. The APG is located in 

a typical urban environment, in the North of the Ha'il 

city, and is exposed predominantly to traffic-related 

pollution. The plant roots were washed thoroughly in 

sterilized distilled water to remove larger 

contaminants. Bacterial cultures were initiated by 

transferring 100 µL of suspension from Yeast Extract 

Maintol Agar (YEMA) medium containing g/l: 

mannitol, 10; K₂HPO₄, 0.5; MgSO₄.7H₂O, 0.2; NaCl, 

0.4; yeast extract, 1; agar, 15.  The colonies were sub-

cultivated several times to obtain purity. All rounds of 

cultivation were done at +27ºC. Colonies were stained 

according to Gram and checked under the microscope 

for stain reaction and purity of colonies. 

 

DNA isolation and16srRNA gene amplification  

We extracted the genomic DNA from the different 

isolates, then sent it to Macrogen, Inc., Seoul, Korea. 

The extracted DNA was used as a template in a 30-µL 

reaction mixture by using an EF-Taq DNA polymerase 

(SolGent, South Korea). To amplify 16srRNA, forward 

primer 

27F5`(AGAGTTTGATCMTGGCTCAG)3`and 

reverse primer 

1492R5`(TACGGYTACCTTGTTACGACTT)3` were 

used. PCR reactions were set as follows: 2 µl of 10x 

Taq PCR buffer, 1.6 µl dNTPs, 1 µl forward primer, 1 

µl reverse primer, 1 µl template DNA, 0.2 µl KOMA 

Taq polymerase, and 13.2 µl double distilled water to 

make a total volume of 20 µl. PCR conditions were: 

one cycle of an initial denaturation at 95°C for 1 

minute, 30 cycles of denaturation at 95°C for 

30seconds, annealing at 55°C for 2 minutes, extension 

at 68°C for 1.5 minutes, and one cycle of final 

extension at 68°C for 10 minutes. PCR products were 

purified and sequenced. 

 

16SrRNA Gene Sequencing  

Sequencing was done by using Big Dye Terminator 

Cycle sequencing kit v.3.1 (Applied Biosy, USA). The 

primers used for sequencing were 785F 5' (GGA TTA 

GAT ACC CTG GTA) 3' and 907R 5' (CCG TCA ATT 

CMT TTR AGT TT) 3'. The Sequences were resolved 

on Applied BioSystems model 3730 XL automated 

DNA Sequencing System at Macrogen, Inc., Seoul, 

Korea. The G+C content was calculated using APE (A 

plasmid Editor) software version 8.5.2.0. Sequences 

were deposited in GenBank under accession numbers: 

OM019337.1, OM021310, OM023870, OM023867, 

OM023887, OM033657, OM149777, and OM149810. 

 

Data analysis 

The algorithm Basic Local Alignment Search Tool 

(BLASTN) was used for sequence analyses of the 

different genes. Phylogeny tree analyses were done 

online at www.phylogeny.fr (7-11). 

 

Results and discussion 

The sequence analyses revealed that the isolates 

obtained from the rhizosphere of Medicago sativa 

grown in the Hail district are a genus of 

Pseudarthrobacter, Metabacillus, Priestia, and 

Massilia, two isolates for each (Table 1 and 2). The GC 

content of the different isolates obtained in this study 

including Pseudarthrobacter spp ranged from 53% to 

57% at the time, and the GC% of the other 

Pseudarthrobacter strains studied before ranged from 

64.4% to 70.8% (Table 1 and 2). These differences in 

GC% may be due to different environments from where 

the isolates were obtained and also may indicate that 

the isolates in this study are characterized by special 

http://www.phylogeny.fr/
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genetic traits. The importance of GC content represents 

in it is “effect on the accuracy of 16SrRNA  

sequencing” as a result of “PCR bias” (12). 

 

Table 1. Different isolates obtained in this study 

and their GC contents 

# Isolate GC % 

1 Pseudarthrobacter Hail1 57 

2 Pseudarthrobacter Hail2 55 

3 Metabacillus Hail1 54 

4 Metabacillus Hail2 53 

5 Priestia Hail1 53 

6 Priestia Hail2 53 

7 Massilia Hail1 53 

8 Massilia Hail2 53 

 
Table 2. GC% of the different Arthrobacter studied before 

Strain GC% References 

Arthrobacter chlorophenolicus 65.1 (Westerberg et al., 2000) 

Pseudarthrobacter phenanthrenivorans 65.7 (Kallimanis et al., 2009)  

Arthrobacter defluvii 64.4 (Kim et al., 2017)  

Arthrobacter siccitolerans 65.3 (Santacruz-Calvo et al. 2013) 

Arthrobacter humicola 67 (Kageyama et al., 2008)  

Arthrobacter oryzae 67 (Kageyama et al., 2008)  

Arthrobacter niigatensis 70.8 (Ding et al., 2009)  

Arthrobacter globiformis 65.9 (Sahoo et al., 2019)  

Pseudarthrobacter enclensis  67.1 (Busse and Schumann, 2019) 

Massilia rhizosphaerae 66.3  (Li et al., 2021). 

 

One isolate of Pseudarthrobacter was found related 

to Pseudarthrobacter enclensis, Arthrobacter 

nitrophenolicus and Arthrobacter oryzae with identity 

99.27%, 98.55%, and 98.40%, respectively. The 

second Pseudarthrobacter isolate was classified as 

Pseudarthrobacter siccitolerans with 99.40% identity, 

the same isolate also related to Arthrobacter pass with 

98.81% identity. Both Metabacillus isolates were 

similar to Metabacillus sediminilitoris 99.71% and 

99.77%. The two Priestia isolates are closely related to 

Priestia aryabhattai one with 99.71% identity and 

another with 99.89%. On the other hand, the sequence 

analyses ensured that Massilia isolates are Massilia 

ginsengisoli 98.10% and Massilia rhizosphaerae 

97.57%.  

The phylogeny tree ensures the sequence analyses 

results in BLASTN to some extent, it is shown that one 

Pseudarthrobacter isolated in this study from the 

rhizosphere of Medicago sativa plants grouped with 

Pseudarthrobacter phenanthrenivorans, 

Pseudarthrobacter defluvii, Pseudarthrobacter 

siccitolerans, Arthrobacter oryzae, Arthrobacter 

humicola, Arthrobacter globiformis, and 

Pseudarthrobacter niigatensis. However, the second 

isolate which was designated in this study as 

Pseudarthrobacter Hai'l2 was grouped with 

Pseudarthrobacter phenanthrenivorans. There is 

strong evidence of a genetic relationship between the 

isolates obtained in this study and the other 

Pseudarthrobacter species found in the same group 

(Figure 1). This result is partially the same as reported 

before by Santacruz-Calvo et al. 2013 (13) that 

Arthrobacter siccitolerans are genetically close to 

Pseudarthrobacter phenanthrenivorans. These 

findings indicate that not all bacteria isolated in this 

study can be identified at the species level because they 

were found to interfere and related to more than one 

species except Pseudarthrobacter Hai'l2 which was 

identified as Pseudarthrobacter phenanthrenivorans, 

the two Metabacillus isolates were grouped with 

Metabacillus sediminilitoris and Priestia Hai'l1 

appeared as Priestia aryabhattai according to sequence 

analyses as mentioned above and the phylogeny tree 

(Figure 1). The reason for this may be the limitations 

of 16SrRNA to identify species, due to the possibility 

of genetic recombination and horizontal gene transfer 

occurrence which lead to sequence mosaicism 

(14,15,16). Another reason is that in “bacterial 

identification based on the analysis of 16SrRNA genes, 

closely related species cannot always be differentiated 

because of high levels of sequence conservation”(17). 

Despite this, the phylogeny tree analysis results seem 

to be more reliable than BLASTN, because the first 

show the exact place of the bacteria between the 

already identified species which help in the 

identification of the unknown species. 

All the above-mentioned isolates are of 

environmental importance and play a crucial role in 

addressing environmental pollution through 

bioremediation processes, promoting plant growth, and 

addressing abiotic stresses. Previously it is reported 

that Arthrobacter and other plant-associated bacteria 

play role in environment cleaning and promoting plant 

growth. Despite this, there is a scarcity of information 

about these groups, as they are not documented well in 

Saudi Arabia according to our knowledge. This group 

of bacteria requires exploring their diversity and roles 

in addressing climate change challenges. The genus 

Arthrobacter is drought-tolerant and found in a wide 

range of the environment including human and animal 

specimens and diets  (13, 18). These bacteria can grow 
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under harsh conditions because they are characterized 

by a versatile metabolism, which makes them relevant 

to the environment. Besides, they have the ability to 

establish a symbiotic association with different plant 

species  (19) and mitigate stress in harsh environments  

(20). In addition, some Arthrobacter spp. are cold-

tolerant which can be exploited at low environmental 

temperatures and applied in bioremediation  (21).  

There are many isolates of Arthrobacter and 

Pseudarthrobacter obtained from the soil in different 

countries and different environments were found to 

support this idea. For example, Kim et al. (22) isolated 

Pseudarthrobacter siccitolerans from the soil. 

Furthermore, Arthrobacter defluvii isolated from 

sewage in Korea was found to degrade 4-chlorophenol, 

it grows at an alkaline pH range of 6 –10 and NaCl up 

to 5 % (23) In addition to chlorophenol degradation, 

Pseudarthrobacter defluvii also degrades Phthalic acid 

esters, which are a class of biologically accumulated 

carcinogenic and teratogenic toxic chemicals that exist 

widely in the environment (24). 

On the other hand, Pseudarthrobacter 

phenanthrenivorans which grows at 4–37℃)(25) was 

isolated from soil containing charred wood remnants 

and was found to contain several genes including lgdA 

gene which is responsible for levoglucosan 

dehydrogenase (LGDH) activity (26). Levoglucosan is 

the most prevalent soluble carbohydrate remaining 

after high-temperature pyrolysis of lignocellulosic 

biomass (26). Besides cleaning up the environment 

from pollutants, some isolates obtained in this study 

related to those characterized before and were reported 

to promote plant growth, exhibit antibiotic activities, 

and ameliorate and tolerate different environmental 

stresses. These isolates include Arthrobacter 

siccitolerans, which are isolated from the rhizosphere 

in Spain, and described as a “desiccation-tolerant and 

neuroprotectant-producing strain”, it reduces nitrites to 

nitrogen, produces Indole and acetoin (7). In addition, 

Arthrobacter oryzae and Arthrobacter humicola were 

isolated from paddy soil in Japan, they tolerate up to 2 

% and 3% NaCl and they have the ability to grow at pH 

values between 6 – 11 and 6 – 10, respectively (27). 

Like that, Arthrobacter niigatensis also grow at a 

temperature range of 5-40 ℃, tolerates 7 % NaCl and 

the pH range for its growth is 6 –11 (28).  

As mentioned above in this study one of our isolates 

related to Arthrobacter pascens according to sequences 

analysis which was reported before to produce a 

growth-promoting substance (29). In addition, 

Arthrobacter pascens isolated from the rhizosphere of 

forest soil in China reported a salt-tolerant bacterial 

strain, that secretes IAA, dissolves inorganic 

phosphorus, and degrades persistent organic (POPs) 

pollutants like polycyclic aromatic hydrocarbons 

(PAHs) such as fluoranthene  (30). Like that, 

Arthrobacter globiformis to which Pseudarthrobacter 

Hai'l2 is related was isolated from a cave deposit in 

India and contained biosynthetic genes for encoding 

putative secondary metabolites and other antibiotics 

and showed antimicrobial activity(31). Arthrobacter 

globiformis was also found to ameliorate salt stress, 

which suggests the possibility to use this strain as 

inoculum for plants growing in highly saline soils (32). 

This bacterium also contains important enzymes that 

can be harnessed in the industry like the Diamine 

Oxidase (DAO), which has great potential in the 

fishery industry and in detecting biogenic amines in the 

biological fluids and the environment that may give rise 

to health issues (33). 

 

 

Figure 1. Phylogeny tree of the different isolates obtained 

from rhizosphere of Medicago sativa 

*Both Bacilus aryabhattai and Priestia aryabhattai are used 

because they are deposited in the gene bank by different 

authors although the first is synonymous with the other)  

 

The same as Pseudarthrobacter, Priestia spp. also 

plays a crucial role in environmental cleaning. For 

example, Priestia aryabhattai degrades benzoate as a 

sign of the ability to degrade aromatic compounds 

which can be useful in fertilizers and pesticide 

degradation. The presence of like these soil bacteria 
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which contain ligninolytic enzymes and tyrosinase may 

indicate an active role they play in soil fertility (34). It 

is able to degrade organophosphorus compounds (OPs) 

used as effective insecticides. As a result, using too 

many OPs causes the residues of pesticides to be 

washed away into the water or soil, not only polluting 

water and soil but also directly or indirectly affecting 

the environment and human health. They are very 

dangerous neurotoxins to humans, animals, and the 

environment. Using these strains shows the potential 

for biological decontamination of the pesticide and 

solving environmental pollution spots (35). 

Recently, for the development of biological 

products, preference has been given to strains that 

combine such useful properties as the biocontrol of 

phytopathogens and stimulation of plant growth, as 

well as the ability of the biodegradation of xenobiotics 

(34). In addition to the role, the isolates in this study are 

expected to play in the environment, Massilia spp. were 

found to play role in the biological control of fungi like 

Massilia rhizosphaerae which was recently isolated 

from rhizosphere soil of rice and characterized as 

Gram-stain-negative and show antibacterial activity 

(30).  

On the other hand, Metabacillus sediminilitoris 

obtained in this study was also characterized before as 

Gram-stain-positive, endospore-forming bacteria, 

grow at 16–47°C and alkaline pH 6.0–10.0 and tolerate 

NaCl up to 7% (w/v). The G+C content of its genomic 

DNA was 35.7mol% (36). Species of the genus 

Metabacillus are ubiquitous in natural environments 

and have been isolated from a wide variety of habitats, 

including soil, a hypersaline lake and a marine coastal 

region (37). 

Based on the above discussion, the association of the 

different bacteria with Medicago sativa rhizosphere 

can be interpreted by the different roles these bacteria 

can play to contribute in plant growth, health, and 

availability of different plant exudates used by these 

microbes as energy sources. This assumption is 

supported by what was stated before that the interaction 

between the plants and their associated microbes is 

achieved by a consortium of different microbes, which 

integrate to help in more efficient nutrient mobilization 

(38). 

The rhizosphere is a microecological area near the 

plant root, where rapid and numerous chemical 

interactions take place and its environment is more 

competitive than the soil mass. This environment is 

divided into three regions: internal, middle and 

external, based on proximity to the root and the extent 

of its impact. Compounds added to the soil by the roots 

are classified into four categories: exudates (passively 

removed from the roots), secretions (actively removed 

from the roots), dead cells, and gaseous compounds. 

The compounds in the substances left by the roots, by 

acidifying or changing the redox conditions in the 

rhizosphere or directly chelating the elements, help to 

provide nutrients such as nitrogen, phosphorus, iron, 

etc. As the soil dries, the hydraulic potential decreases, 

after which the root seepage begins to return water to 

the soil, increasing the degree of stability of the 

rhizosphere (39-48). 

Finally, since the isolates obtained in this study are 

genetically related to the already characterized isolates, 

it is expected that they play the same role in the 

environment. 

 

Conclusions 

Diverse bacteria inhabit the rhizosphere of 

Medicago sativa grown in Hai'l soil; they may play a 

positive role in cleaning up the environment, promoting 

plant growth, and ameliorating different abiotic 

stresses that face plants. However, characterization of 

these bacteria using housekeeping genes can determine 

their species, and “Omics” studies are required to prove 

the ability of these bacteria to play the fore mentioned 

roles. 
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