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Abstract 

 

The present investigation aimed to assess endophytic bacteria's ca-

pacity to stimulate plant development. Eight endophytic bacterial 

strains were isolated from the root of Launaea arborescens (Batt.), 

native medicinal plant growing spontaneously in the region of Be-

char (south-west Algeria). The eight strains were tested for their ef-

fects on seed germination and plant growth of Triticum aestivum L. 

The results showed that all strains had positive effects on wheat 

seeds germination. The seeds inoculation of wheat by endophytic 

bacteria improves morphological parameters of the seedling (fresh 

and dry weight of plant, root and stem elongation). 16S rRNA gene 

sequencing was used to identify the powerful strain, it was found as 

Brevibacillus brevis. This one was found positive for many of the 

plant growth promoting attributes like ammonia production and az-

ote fixing. In addition, it was identified as resistant to azithromycine 

during antibiotic sensitivity test and It could tolerate up to 0.9 M of 

NaCl. Additionally, Brevibacillus brevis was identified as resistant in 

the herbicide and the insecticide susceptibility test. Results suggest 

that this endophyte is a strong candidate for use as plant growth-

promoting inoculants, to assist in lowering the amount of chemicals 

used in agricultural practices and enhance nutrient absorption and 

stress resistance in plant species. 
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Introduction 

It is crucial to increase plant productivity 
because one of the main problems facing hu-
manity is food insecurity on a worldwide scale. 
Synthetic fertilizers and chemical pesticides 
enable the production of crops with a high 
yield, but their widespread and continued use 

has raised concerns about upcoming  
environmental issues (Strassemeyer et al., 
2017). Therefore, establishing ecologically re-
sponsible and sustainable agriculture tech-
niques is highly desirable. Agricultural chemi-
cals, some of which have significantly improved 
the environment, can be replaced by microbial 

http://dx.doi.org/10.11594/jaab.04.01.08
https://portal.issn.org/resource/ISSN/2723-5106
mailto:mebarki.lakhdar@univ-bechar.dz


Lakhdar et al., 2023 / Plant growth-promoting endophytic bacteria isolated from Launaea arborescens 

 

    
 JAAB | Journal of Agriculture and Applied Biology 72 Volume 4 | Number 1 | June | 2023 

 

agents (Chen et al., 2020), by supplying crops 
with an abundance of nutrients and enhancing 
soil health and nutrient cycling (Karthik et al., 
2016), and improving agricultural productivity 
as a result. Biologically, plant endophytes ap-
pear to be a genuine treasure trove. The most 
attractive possibilities are endophytic bacteria 
that support plant growth (PGP) and skills in 
biocontrol because they can colonize the inside 
of a plant and establish a reliable, long-lasting 
relationship with it (Rani et al., 2022). They 
create antibacterials and other compounds that 
can protect the plant from stressful situations. 
Without creating any disease signs, these mi-
croorganisms coexist in close proximity to the 
host plant (Pacifico et al., 2019; Azevedo et al., 
2020). Additionally, endophyte bacteria are 
found in all plant tissues, and their potential to 
stimulate plant growth comes from either di-
rect processes (like their capacity to fix nitro-
gen, produce ammonia, produce plant hor-
mones, and dissolve phosphate and potassium) 
or indirect impacts (secretion of extracellular 
enzyme, siderophores and 1-aminocyclopro-
pane-1-carboxylate deaminase) (Hassan et al., 
2017). However, endophytes from medicinal 
plants have garnered interest because of their 
wide range of bioactive metabolites. (Toghueo 
et al., 2017). Launaea arborescens (Batt.) 
(Asteraceae) is widely used in traditional med-
icine. The latex from its stems is applied with a 
brush to treat dermatological conditions and 
hemorrhoids. On treat a child's fever, the 
crushed stems are applied as a poultice to the 
head and in order to treat stomach problems, 
stem powder is used. Despite Launaea arbo-
rescens' usefulness in medicine and the related 
bacteria's potential for bioactivity, no studies 
on its endophytic bacteria have been conducted 
to date. This study sought to collect several en-
dophytic bacteria from Launaea arborescens in 
order to assess their capacity to promote plant 
development and their potential role in stress 
management.   
 
Materials and methods 
Sampling of plant and bacterial endophyte 
isolation 

Endophytic bacteria were isolated from 
fresh roots of healthy wild medicinal plant 

(Launaea arboresens) collected from the region 
of Bechar (south-west Algeria). Plant roots 
were collected, packaged sterilely, and brought 
to the lab where they were treated right away. 
In order to get rid of any debris, plant roots 
were rinsed under flowing water for 3–5 min 
and then surface sterilized for 1 min with 70% 
ethanol, then washed for 4min with 3.8% so-
dium hypochlorite, followed by 30 sec of 70% 
ethanol, and finally rinsed three times with 
sterile distilled water to remove hypochlorite 
(Dalal & Kulkarni 2013). Using a sterile mortar 
pestle, the samples that had been surface-ster-
ilized were macerated for 20 to 30 min in so-
dium chloride (0.9% NaCl). In nutrient-agar 
plates, the macerate dilution (10-1 and 10-2) 
was applied and incubated for 3 to 7 days at 
28°C (Hazarika et al., 2021). Based on colony 
morphology, bacteria were isolated and 
streaked over nutrient agar plates until a cer-
tain purity level was reached. The following 
formula was used to determine the microbial 
population (Alyexandra, 2020): 
 

N (UFC / g) = ∑C/V[n1 + (0,1x n2)] d 
 
Where: 
N = colony counts per gram of sample (units = 
cfu.g-1). 
∑C = total of all the colonies in all of the plates.  
V = volume of inoculum applied to each disk (in 
ml).  
n1= number of dishes retained at first dilution.  
n2= number of dishes retained at second dilu-
tion. 
d = dilution factor corresponding to the first di-
lution retained. 
 
Bacterial strains' impact on the germination 
of seeds 

Eight endophytic bacterial strains were 
found, and their capacity to promote the germi-
nation of wheat seeds (Triticum aestivum L) 
was evaluated in vitro in Petri dishes by using 
the method of Aiter (2015) (slightly modified). 
Wheat seeds were surface disinfected for 10 
minutes with 6% sodium hypochlorite, fol-
lowed by three sterile distilled water rinses. 
The surface disinfected seeds were immersed 
for 1 hour in 20 ml of each overnight bacterial 
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culture (adjusted to 108 CFU/ml using UV-visi-
ble spectrophotometer at OD600). After drying 
on sterile blotting paper, the seeds were sown 
in Petri dishes containing water agar (7 g/ L). 
The operation was repeated for five seeds. Un-
treated seeds served as a control. The Petri 
dishes were put for 5 days in a 24 °C climate-
controlled environment and 60–70% relative 
humidity with 16 h light (3000 lux) and 8 hours 
dark conditions. The following formula was 
used to get the germination percentage 
(Kerbab et al., 2021): 
Germination rate (%) = (number of seeds that 
grew / total number of seeds inoculated) × 100  
 
Bacterial strains' effects on the stimulation 
of plant growth 

All the dishes used to evaluate the effect of 
the isolates on the improvement of seed germi-
nation were recultivated until the 10th day in 
order to study the effect of the isolates on the 
promotion of plant growth. After cultivation, 
the vitro-seedlings were carefully uprooted 
and the roots were washed and freed from ad-
herent agar in order to measure the growth pa-
rameters. Five replicates of each treatment 
were collected and growth indicators including 
root length (RL), stem length (SL), plant fresh 
mass (PFW), plant dry mass (PDW) (only PDW 
which has been recorded after they had been 
drying the seeds in an oven at 105°C till the 
weight remained constant) were recorded for 
each wheat seedling and compared with those 
of the control (Aiter, 2015). 
 
Characterization of potent isolate 
Molecular identification  

Potential isolate was identified using 16S 
rRNA gene. The GF-1 Nucleic Acid Extraction 
Kit (Vivantis Technologies Sdn Bhd, Selangor 
DE, Malaysia) was used to extract the genomic 
DNA of bacteria according to the manufac-
turer’s instructions (González-Rodríguez et al., 
2016).  

The universal primers 16F27 (forward) (5’-
AGAGTTTGATCCTGGCTCAG-3’) and 16R1492 
(reverse) (5’-CCGTCAATTCCTTTGAGTTT-3’) 
were used to amplify the 16S rDNA (Edwards 
et al., 1989). 50 μl of master mix were used in 
the PCR reaction mixture (1.25 U Hot Start Taq 
DNA Polymerase (Solis Biodyne, Estonia), 25–

50 ng/µl μl of DNA template, 0.3 µM μl of each 
primer, 1.5 µM MgCl2 Magnesium chloride 
(Solis Biodyne, Estonia), and made up to 50 μl 
reaction volume with distilled H20. The follow-
ing conditions were used for PCR: Initial dena-
turation (at 94 °C for 12 min); Denaturation (at 
94°C for 30 s); Annealing (at 55°C for 30 s); Ex-
tension (at 72°C for 1 min 40 s). 30 cycles of 
amplification were performed. Subsequently, a 
last extension was made at 72°C (7 minutes). 
PCR was conducted using a thermocycler 
(iCycler Bio-Rad, USA). DNA concentrations 
were checked using Nanodrop Spectrophotom-
eter (NanoDropTM 2000, USA). 

Analysis of the amplified DNA was done by 
horizontal gel electrophoresis into a 1.5% aga-
rose gel (Sigma-Aldrich, USA). As DNA molecu-
lar weight markers one hundred base pair (100 
bp) DNA ladder (Solis Biodyne, Estonia) was 
used. Electrophoresis was done for 1 h 30 min 
at 80 V, and after being stained with Midori 
Green Advance, the gel was examined under UV 
lighting. (Nippon Genetics, Japan) and in-
spected with a UV transilluminator. The Clean-
Up kit (Vivantis) was used to purify the PCR 
products. 

Sequencing of the purified PCR products 
was  performed in the forward and reverse di-
rections in separate reactions and duplicates. 
For each reaction, the following ingredients 
were used: 2 µl of the appropriate PCR primer, 
40 µg template DNA, 10 µl water, and 2 µl 
BigDye Terminator v3.1 Ready Reaction Mix 
(Applied Biosystems). Each reaction was 
heated for 1 min at 96°C, followed by 25 cycles 
(96°C for 10 s, 50°C for 5 s, and 60°C for 4 s). 
With an ethanol precipitation method, the se-
quencing products were purified to get rid of 
any unincorporated reagents and ensure a neu-
tral charge. Briefly, 80 µl of an ethanol precipi-
tation mix was used to wash the sequencing 
products (62.5 µl 95 % ethanol, 3 µl NaAc, and 
14.5 µl water) and by centrifugation (15 
min/13 000 rpm) the DNA was pelleted. The 
pellet was again washed in 200 µl 75 % ethanol 
and centrifuged (15 min/13 000 rpm). A 3130 
Genetic Analyzer Capillary Array (Applied Bio-
systems) was used to load the pelleted DNA for 
detection after it had been air-dried and rehy-
drated in 15 µl formamide. Using Bionumerics 
v3.5 (Applied Maths), two forward and two  
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reverse sequences for each sample were 
aligned to obtain a composite sequence. Each 
sequence trace's quality was evaluated visu-
ally, and the low-quality sequences were modi-
fied and eliminated. Using BLASTn (available 
on the NCBI website), Consensus sequences 
were compared to a database to identify organ-
isms (http://blast.ncbi.nlm.nih.gov) (Kumar et 
al., 2015).  
 
Morphological and biochemical characteri-
zation 

In this part, morphological characteristics 
(Gram stain, motility and colony color) as well 
as biochemical characterization (catalase, oxi-
dase, nitrogen fixation, ammonia production 
and phosphate solubilization activities) of the 
potent isolate were carried out. 

The molecular nitrogen-fixing activity was 
examined in a solid nitrogen-free media. The 
bacterial cultures were streaked onto the Wick-
erham salt medium, which was then incubated 
for 48 hours at 30° C. Any development on this 
surface demonstrates the capacity of microor-
ganisms to fix nitrogen (Bouras, 2018). 

The peptone water was tested for ammonia 
production. 100 μl of freshly developed culture 
were injected in 10 ml of peptone water and in-
cubated at 30 ± 2°C for 48–72 hours. As a con-
trol, peptone water without bacterial inocula-
tion was utilized. Nessler's reagent was added 
in the tube along with 0.5 ml. A brown to yellow 
hue change was a sign that ammonia was being 
produced (Singh et al., 2014). 

The ability of bacteria to solubilize phos-
phate was evaluated by inoculation with spots 
on the Pikovskaya media (containing trical-
cium phosphate) and incubated at 28 ± 2 °C for 
2–3 days. Clear halo zones that developed 
around the strains demonstrated their effective 
phosphate solubilization activity (Shahid et al., 
2015). 
 
Abiotic stress tolerance  
The evaluation of antibiotic sensitivity of po-
tent isolate  

The disc diffusion method was utilized for 
antibiotic sensitivity testing to identify the pat-
terns of sensitivity and resistance of a selected 
bacterial strain. Four drugs, including  

streptomycine (300 μg), spiramycine (100 μg), 
azithromycine (15 μg), and ciprofloxacine (5 
μg), were used. 

In order to conduct this test, a Mueller-Hin-
ton agar plate surface was inoculated with bac-
teria (108 CFU/ml). On the surface of the inocu-
lated agar, the antibiotic disks were applied. 
The zones of growth inhibition surrounding 
each antibiotic disk were measured to the near-
est millimeter after incubation period (24 h at 
30°C), and they were then contrasted with the 
range specified by Bauer et al. (1966).  
Where: susceptible: >15 mm; intermediate: 
10–15 mm; resistant: <10 mm. 
 
Salinity tolerance of potent isolate  

The selected bacterial strain was tested for 
its salt tolerance ability by inoculated by 
streaking on nutrient-agar containing different 
concentrations of NaCl (ranging from 100, 300, 
500, 700 and 900 mM), incubated at 30°C for 
24 hours and observed for growth. Growth on 
these media reflects the ability of bacteria to 
tolerate different concentrations of NaCl (Ro-
jas-Tapias et al., 2012).  
 
Herbicide and insecticide tolerance test  
The method of McKeen, Reilly and Pusey 
(1986) was slightly modified to evaluate the se-
lected bacterial strain for its tolerance to herb-
icide and pesticide. In this procedure, agar 
plates were inoculated with a standardized in-
oculum (108 CFU/ml) of the endophytic bacte-
ria. Then, sterile filter paper discs (about 6 mm 
in diameter) were soaked in the dilute solution 
of insecticides (1/200 of Majic:  Alpha-cyper-
methrin at 10% (w/v)) or herbicides (1/100 of 
Tiller:  Glyphosate acid at 410 g.L-1). Discs were 
drying at laboratory temperature and placed 
on the agar surface. After incubation at 30°C for 
24 hours, sensitivity to the insecticide or herb-
icides was manifested by the appearance of 
zones of inhibition.  
 
Results  
Isolation of endophytic bacteria 

In our study, endophytic bacteria were suc-
cessfully isolated from roots of the Launaea ar-
borescens using spread plate method. Nutrient 
agar plates inoculated with L. arborescens root 

http://blast.ncbi.nlm.nih.gov/


Lakhdar et al., 2023 / Plant growth-promoting endophytic bacteria isolated from Launaea arborescens 

 

 
 JAAB | Journal of Agriculture and Applied Biology 75 Volume 4 | Number 1 | June | 2023 

 

samples showed morphologically different col-
onies. Population of endophytic bacteria  
associated with the root of this plant was 
13.6.103 cfu.g-1 fresh weight. Therefore, eight 
endophytic bacterial strains, coded: Lar01 to 
Lar08, were isolated based on the morphologi-
cal characteristics of the colonies on the plates 
(of which Lar05 was orange-red, Lar06 was or-
ange and the others were white). 
 
Bacterial strains' impact on the germination 
of seeds 

The effect of bacterization treatment of 
wheat seeds on the germination rate is  

summarized in Table 1. The results indicated 
that all strains influenced the germination of 
wheat seeds favorably. In effect, the germina-
tion rate is variably affected by the treatment of 
the grains by the different isolates. A maximum 
germination rate (100%) was obtained by 
strain Lar01, Lar03, Lar04, Lar05 and Lar08. 
Isolates Lar06 and Lar07 clearly improved the 
germination power of seeds like that of the con-
trol with a germination rate of 80%. The Lar02 
strain appears in this case to be less efficient 
than all the isolates, causing a low germination 
rate of 60%.  

 
Table 1.  Seed germination and growth promotion effects of bacterial strains  

 Parameters 
Selected 
strains 

Germination 
rate (%) 

Stem length 
(cm) 

Root length 
(cm) 

Plant fresh 
weight (g) 

Plant dry 
weight (g) 

Lar01 100  10.65    7 0.83 0.03 
Lar02 60 10.5 10 0.98 0.12 
Lar03 100 11.10 10 0.85 0.08 
Lar04 100 13.5 11.30 0.91 0.13 
Lar05 100 12.68 12 0.91 0.13 
Lar06 80 14 11 0.46 0.05 
Lar07 80 11.12 11 0.81 0.13 
Lar08 100 14 10.82 0.81 0.10 
Control 80 9.25    9.25 0.79 0.08 

 
Bacterial strains' effects on the stimulation 
of plant growth 

For the effect of bacterial strains on final av-
erage length the stem and the root and accord-
ing the results obtained (Table 1), we noticed 
that the bacterization of the wheat seeds 
caused a clear difference in the length of the 
stem and the root of the seedling compared to 
the unbacterized controls. The best length of 
the rod was recorded under the effect of strains 
Lar06 and Lar08 and the values are between 
10.5 to 14cm compared to the control (9.25cm) 
(Figure 1). Similarly, the best length of the root 
was recorded under the effect of strain Lar05 
and the values are between 10 to 12 cm com-
pared to the control (9.25 cm). Strain Lar01 
was found to be ineffective on root length. 

On the impact of bacterial strains on the av-
erage fresh and dry weight of the seedlings, the 
results obtained indicated that for the majority 
of the strains tested, the bacterization of wheat 
seeds induces a clear difference in the fresh and 
dry mass of the seedlings treated in compari-
son to the controls. Fresh seedling biomass was 
improved by all strains except Lar06. The val-
ues are from 0.81 g to 0.98 g in comparison to 
the control (0.79 g). Likewise, the dry biomass 
of seedlings was improved by all strains except 
Lar01 and Lar06. The values were from 0.08 g 
to 0.13 g compared to the control (0.08 g). 
These findings reveal that among the isolates 
tested in this primary screening, the strain 
Lar08 has proven the best effects.
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Figure 1. Effect of Lar08 stain on promote seedling emergence and growth of Triticum aestivum 

A: Control ;  B: Triticum aestivum + Lar08 
 
Characterization of potent isolate 
Molecular identification  

Both strands of the DNA of the powerful iso-
late (Lar08) were sequenced for molecular 
identification. The sequence is accessible under 
the Genebank accession number OP994028 af-
ter being submitted to the National Center for 
Biotechnology Information (NCBI). 
(https://www.ncbi.nlm.nih.gov/nuccore/OP9

94028). The length of the amplified gene se-
quence was 1377 bp. When the bacterial iso-
late's sequenced PCR results were compared to 
the 16S rRNA sequences present in the Gen-
Bank database, they revealed a 99.77% similar-
ity to Brevibacillus brevis. The phylogenetic 
tree constructed using a bootstrap Neighbour-
joining method based on 16S rRNA gene se-
quencing is depicted in Figure 2.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Phylogenetic analysis of bacterial strains' 16S rRNA sequences using NCBI reference se-
quences. MEGA 11 was used to do the analysis, and the neighbour-joining approach was 
employed. 

 

A B 
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Morphological and biochemical characteri-
zation 

The isolate Lar08 strain was gram positive, 
motile rod. It was punctiform with a raised ele-
vation and an entire margin. The colony was 
creamy white in color with a rough surface. It 

has shown positive results for the nitrogen fix-
ation test, ammonia production test and cata-
lase test. It produced negative results for phos-
phate solubilization, oxidase test, and could not 
ferment mannitol (Table 2).

 
Table 2.  Biochemical and morphological characterization of Lar08 strain 

Test Lar08 strain Test Lar08 strain 
Gram staining Positive Catalase Positive 
Colony color Creamish white Mannitol Negative 
Shape Rod Nitrogen fixation Positive 
Mobility Positive Ammonia production Positive 
Oxidase Negative Phosphate solubilization Negative 

 
Abiotic stress tolerance of potent isolate  
The evaluation of antibiotic sensitivity of po-
tent isolate  

The sensitivity of potent isolate against dif-
ferent antibiotics in terms of the zone of inhibi-
tion is presented in Table 3. The results showed 
that the strain was identified as resistant to 
Azithromycine and sensitive to Streptomycine, 
Spiramycine and Ciprofloxacine. 
 
Salinity tolerance of bacterial strains  

The selected bacterial strain was tested for 
its tolerance to salt stress by exposing the bac-
terial cells to various NaCl concentrations. The 

detailed responses are presented in Table 3. 
The results showed that the strain had grown 
at the concentration of 0.5, 0.7 and 0.9 M of 
NaCl.  

 
Herbicide and insecticide tolerance test  

The results obtained showed resistance to 
the herbicide for the strain tested translated by 
the absence of a zone of inhibition around the 
discs of the herbicide, which means that there 
is a tolerance to Tiller (410g.L-1) for this bacte-
rium (Table 3). Here, it was observed that the 
insecticide Majic at 10% concentrations was 
easily tolerable for the strain tested (Table 3). 

 
Table 3.  Abiotic stress tolerance of endophytic potent isolate (Lar08) 

Strain 

 
Antibiotics inhibition 

zone (mm) 
 

NaCl concentrations 
(M) 

Insecticides 
inhibition 
zone (mm) 

Herbicides 
Inhibition 
zone (mm) 

Azir Cip Sp Str 0.1 0.3 0.5 0.7 0.9 Majic (10%) Tiller (410g.L-1) 

Lar08 
00 
 (R) 

24 
 (S) 

22 
 (S) 

19 
 (S) 

- - + + + 
00 
(R) 

00 
 (R) 

Azir : Azithromycine (15 μg/disc) ;   Cip : Cipromycine (5 μg/disc);   Sp : Spiramycine (100 
μg/disc) ;  Str : Streptomycine (300 μg/disc) ;   S : sensitive;   R : Resistance ;  + : bacterial growth;   
- : no bacterial growth. 
 
Discussion 

In comparison to other epiphytic bacteria, 
endophytic strains have superior colonization 
efficiency, which makes them an important re-
source for disease and growth management in 
plant systems. In sustainable agriculture, endo-
phytic bacteria are emerging as valuable  

substitutes for biochemical pesticides since 
they are a source of natural bioactive chemi-
cals. This study's main objective was to isolate 
bacterial strains from the roots of the medicinal 
plant Launaea arborescens, and to assess 
whether those strains improve the germination 
of seed and seedling development as well as 
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their possible approach in stress management. 
It should be mentioned that numerous re-
searches have documented the isolation of en-
dophytes from the Asteraceae family. (Zhang et 
al., 2019; Amr et al., 2021). However, to the au-
thors’ knowledge, no previous studies focused 
on endophytic populations in Launaea arbo-
rescens plant.  

The bacterial population obtained was ob-
served to be within the range of endophytes 
previously reported in many previous studies 
(Elvira-Recuenco & Van Vuurde, 2000). Dalal 
and Kulkarni (2013) assert that the species, 
age, tillage, and environmental factors have an 
impact on the population of endophytic bacte-
ria. Compared to previous growth stages, the 
microbial population is at its highest during the 
reproductive period. Different maturity phases 
affect the diversity of microbial endophytes, 
which in turn affects the kind and quantity of 
root exudates. To be more precise, the host 
plant species' characteristics have a significant 
impact on the type of endophytic community 
that a plant has (Ding & Melcher, 2016). In fact, 
the endophytic variety of various plant species 
growing in the same soil might vary signifi-
cantly (Germida et al., 1998). Additionally, the 
technique utilized to investigate these bacteria, 
such as the type, concentration, and even the 
length of the treatment period for a sterilizing 
agent used to recover bacteria, affects the en-
dophytic diversity of plants. 

The heavy use of agrochemicals and man-
agement with a high environmental effect, that 
compromise soil fertility and crop develop-
ment, have long been hallmarks of Triticum aes-
tivum L. production techniques. In the current 
study, seeds of T. aestivum were treated with 
endophytic bacteria to verify their ability to 
promote seed germination. The results showed 
that all strains had positive effects on the ger-
mination of wheat seeds. These findings concur 
with those of numerous researches, including 
those on Brevibacillus brevis (Nehra et al., 2016; 
Sondang et al., 2021). 

Endophytic bacteria were also evaluated 
for their ability to promote seedling emergence 
and growth. It is observed that a few days after 
the treatment, a significant effect of the micro-
organism inoculum was observed in the  

seedlings, with an increase in the size, the fresh 
and dry biomass of the seedlings compared to 
the untreated wheat seedlings. These findings 
concur with those of numerous researches, in-
cluding those on Brevibacillus brevis (Nehra et 
al., 2016; Sondang et al., 2021). Endophytic bac-
teria are assumed to be responsible for the in-
crease in plant growth that results from their 
ability to boost nitrogen fixation, photosyn-
thetic activity, and indole acetic acid synthesis 
(Nongkhlaw & Joshi, 2014). Other beneficial ef-
fects of growth are connected to endophytic, in-
cluding aiding in osmotic management, sto-
mata, morphological adjustment, greater min-
eral uptake, and modifications in nitrogen 
buildup and metabolism. So, to increase plant 
development and yields, isolates demonstrat-
ing PGP activities can be utilized as soil or plant 
inoculants. Brevibacillus brevis is one endo-
phytic microbial strain that has been utilized 
regularly over the past 20 years in order to 
stimulate plant development and control biotic 
and abiotic stress (Kumar et al., 2014; Kumar et 
al., 2016; Nehra et al., 2016). 

Analysis of the 16S rRNA gene fragment of 
strain Lar08 showed its 99.77% similarity to 
Brevibacillus brevis (Firmicutes). Several stud-
ies have demonstrated that Brevibacillus brevis 
is associated as endophytic bacteria with me-
dicinal plants: Pulicaria incisa (Amr et al., 
2021), and crops plants: cotton (Nehra et al., 
2016) and rice (Sondang et al., 2021). The pres-
ence of Brevibacillus brevis as endophyte bacte-
ria in crop plants allows us to say that this spe-
cies is not pathogenic for humans. In addition, 
previous studies have shown the ability of 
Brevibacillus brevis to grow as an endophyte af-
ter inoculation into crop plants as a new host 
(Soad et al., 2005). 

In our study, potent strain had the ability to 
produce ammonia and it was able to show ni-
trogen-fixing activity. Nitrogen fixation is a cru-
cial characteristic that can directly affect plant 
growth. Endophytic bacteria can increase the 
nitrogen supply for their host plants. By exhib-
iting nitrogenase activity, these microbium is 
capable of giving their host plants fixed atmos-
pheric nitrogen. All N2 fixing bacteria possess 
the highly conserved protein nitrogenase, and 
there is strong evidence to support lateral gene 
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transfer (Ivleva et al., 2016). Under controlled 
circumstances, nitrogen-fixing bacteria have 
been shown to boost the biomass of the host 
plant by N2. Nitrogen (N2) from the atmos-
phere is biologically fixed into assimilable 
forms by diazotrophic bacteria, who convert it 
to ammonia via nitrogenase. Plants utilize am-
monia as a source of nitrogen for growth. These 
findings are consistent with the majority of re-
search on the characteristics of PGPB. Breviba-
cillus brevis showed very good ammonia gener-
ation capability (Nehra et al., 2016). Addition-
ally, the selection of bacteria that support plant 
growth is frequently based on the synthesis of 
ammonia by microorganisms (Srivastava et al., 
2014). 

The potent isolate was further tested for its 
antibiotic susceptibility against four different 
antibiotics. Antibiotic-impregnated discs (6 
mm diameter) were utilized for this test. The 
Kirby Bauer disc-diffusion method was used to 
assess the strains' antibiotic sensitivity to 
azithromycin, spiramycin, cipromycin, and 
streptomycin. According to Bauer et al. (1966), 
organisms were classified as resistant, inter-
mediate, or sensitive based on the inhibition 
zones. In effect, the findings of our investiga-
tion showed a differential response of bacterial 
strain towards antibiotics. The strain was re-
sistance to azithromycine and no resistance 
was observed against cipromycine, spiramy-
cine and streptomycine. As in clinical impact 
strains, genes for antibiotic resistance can also 
be identified in environmental bacteria and 
their transfer occurs from one bacterium to an-
other horizontally (Larsson & Flach, 2022). One 
of the primary causes of antibiotic sensitivity in 
this situation may be the fact that endophytic 
bacteria are less exposed to humans than they 
are to inner plants (Liotti et al., 2018; Afzal et 
al., 2019). 

In the present research, the selected strain 
grew at high NaCl concentrations up to 0.9 
Mol.l-1, and it may be regarded as a facultative 
haplotype for resistance to abiotic stressors, 
particularly salinity and drought. Furthermore, 
the capacity of bacteria to withstand high NaCl 
concentrations may be a crucial characteristic 
for displaying their PGP activities in plants cul-
tivated in saline environments. Compared to 
other studies and according to Amr et al. 

(2021), Brevibacillus brevis had great salt  
tolerance up to 200 mM, and increasing the 
NaCl concentration over this point reduced 
their development. In contrast, compared to 
bacteria isolated from non-saline habitats, 
those from arid or salty environments can en-
dure inhibitory salt concentrations (Tripathi et 
al., 2018). 

The selected strain was tested for its toler-
ance to the herbicide and insecticide namely 
Majic and Tiller respectively. Pesticide-impreg-
nated discs (6 mm diameter) were used in this 
test. In our experiment, Majic herbicide was tol-
erated by the strain tested. There may be adap-
tation mechanisms that don't require particu-
lar selected agents to act as inducers, according 
to Rovida et al. (2021). On bacterial strains pos-
sessing tolerance systems without preceding 
selection processes, no papers could be located. 
In communities arranged as biofilms, sensitive 
bacteria can be efficiently shielded, where a 
portion of the population may have tolerance 
mechanisms but are chosen by stressors, as in 
the case of marine periphytic biofilms sub-
jected to the ecotoxicological effects of copper 
(Corcoll et al., 2019). 

During insecticide tolerance test and based 
on the inhibition zones, the selected strain had 
resistance to Tiller.  It should be noted that 
some that some pesticides may not affect the 
growth and survival of these bacteria, even at 
very high dosages. On the other hand, some 
pesticides can poison helpful bacteria even at 
very low levels (Shahid & SaghirKhan, 2022). 
Therefore, having a higher tolerance threshold 
is important for a number of reasons, including 
the fact that pesticide-tolerant isolates can 
flourish in an environment where there is pes-
ticide stress and that, if used as inoculants 
while there is pesticide stress, they can im-
prove the growth performance of cultivated 
plants (Shahid et al., 2021). In addition, the fact 
that many toxins and pesticides can be metab-
olized and degraded by plant-associated mi-
crobes raises serious concerns regarding their 
usage in biotechnology. 

Globally, Brevibacillus brevis, a PGPR that is 
widely distributed in soil and sediment and has 
several potential uses, has been heavily used in 
environmental remediation and agriculture 
throughout the world. Numerous researchers 
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have employed this bacterium as a PGPR on 
various crops (Nehra et al., 2016). Brevibacillus 
brevis has a high secretion capacity for second-
ary metabolites, which are crucial for pathogen 
control. Among these, tyrocidine, edeine, gra-
tisin, and gramicidin have all been consecu-
tively isolated and identified (Che et al., 2013). 
Because of its antagonistic activities against 
pathogenic bacteria and fungus, B. brevis may 
be an excellent choice for use as an antibacte-
rial agent to improve crop yield and quality. 

 
Conclusion 

The results from the present study point 
out that Launaea arborescens is associated with 
potential endophytic bacteria (Brevibacillus 
brevis), this may be used in the future as a po-
tential alternative for compounds that promote 
plant growth. A Launaea arborescens-associ-
ated endophytic isolate was discovered to fix 
nitrogen, create ammonia, and have favorable 
effects on wheat seed germination and in-
creased seedling growth. These traits are 
added to its tolerance to abiotic stress. This iso-
late's content allows for the creation of novel 
inocula for use in agriculture and industry. 
 
Author’s declaration and contribution 

The  authors  show  no  conflict  of  interest 
and equal contributions have been made by 
each author. 
 
Acknowledgements 

Sincere appreciation is extended by the au-
thors to all the techniques who have helped this 
research. 
 
References 
Afzal, I., Shinwari, Z.K., Sikandar, S., & Shahzad, S. (2019). 

Plant beneficial endophytic bacteria: mechanisms, 

diversity, host range and genetic determinants. Mi-

crobiology Research, 221, 36–49. CrossRef 

Aiter, N. (2015). Improvement of seed germination and 

growth of cultivated plants by bacteria initially en-

dophytes of spontaneous species. (Unpublished 

doctoral thesis), University of Saad Dahlab, Blida, 

Algeria. 

Alyexandra, A., Lorenza, M., Ilaria, F., Valentina, G., Ric-

cardo, A., & Giovanni, A. (2020). Microbiological 

quality of ready-to-eat leafy green salads during 

shelf-life and home-refrigeration. Foods, 9(10), 

1421. CrossRef 

Amr, F., Ahmed, M.E, Albaraa, E., Ehab, F.E., Mohammed, 

G.B., Ehab, A., Adi,l A.G.,  & Saad El-Din, H. (2021). 

Plant growth-promoting endophytic bacterial 

community inhabiting the leaves of Pulicaria incisa 

(Lam.) DC inherent to arid regions. Plants, 10, 76. 

CrossRef 

Azevedo, J.L., Maccheroni, W., Pereira, J.O., & Araújo, W.L. 

(2000). Endophytic microorganisms: a review on 

insect control and recent advances on tropical 

plants. Electronic Journal of Biotechnology, 3(1), 

40-65. Direct Link.  

Bauer, A.W., Kirby, W.M.M., Sherris, J.C., & Turck, M. 

(1966). Antibiotic susceptibility testing by a stand-

ardized single disk method. American Journal of 

Clinical Pathology, 45(4), 493-496. CrossRef 

Bouras, F.Z. (2018). Isolation and characterization of len-

til growth-stimulating microorganisms (Lens culi-

naris). (Unpublished doctoral thesis), University of 

Djillali Liabes , Sidi Bel Abbes, Algeria.  

Che, J., Liu, B., Lin, Y., Tang., W., & Tang, J. (2013). Draft 

genome sequence of biocontrol bacterium Breviba-

cillus brevis strain FJAT-0809-GLX. Genome An-

nounc, 1(2), e00160-13. CrossRef 

Chen, L., Li D., Shao, Y., Adni, J., Wang, H., Liu, Y., & Zhang, 

Y. (2020). Comparative analysis of soil microbiome 

profiles in the companion planting of white clover 

and orchard grass using 16S rRNA gene sequenc-

ing data. Frontiers in Plant Science, 11, 1431. Cross-

Ref 

Corcoll, N., Yang, J., Backhaus, T., Zhang, X., & Eriksson, 

K.M. (2019). Copper affects composition and func-

tioning of microbial communities in marine bio-

films at environmentally relevant concentra-

tions. Frontiers in Microbiology, 8,  3248. CrossRef  

Dalal, J., & Kulkarni, N. (2013). Population dynamics and 

diversity of endophytic bacteria associated with 

soybean (Glycine max (L) Merril). British Microbiol-

ogy Research Journal, 3, 96−105. CrossRef 

Ding, T., & Melcher, U. (2016). Influences of plant species, 

season and location on leaf endophytic bacterial 

communities of non-cultivated plants. PLoS 

One, 11, e0150895. CrossRef 

Edwards, U., Rogall, T., Blöcker, H., Emde, M., & Böttger, 

E.C. (1989). Isolation and direct complete nucleo-

tide determination of entire genes. Characteriza-

tion of a gene coding for 16S ribosomal RNA. Nu-

cleic Acids Research, 17(19), 7843-53. CrossRef 

http://doi.org/10.1016/j.micres.2019.02.001
https://pubmed.ncbi.nlm.nih.gov/?term=Arienzo%20A%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Murgia%20L%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Fraudentali%20I%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Gallo%20V%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Angelini%20R%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Angelini%20R%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Antonini%20G%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7601731/
http://doi.org/10.3390/foods9101421
http://doi.org/10.3390/plants10010076
https://www.researchgate.net/publication/317526310_Endophytic_microorganisms_a_review_on_insect_control_and_recent_advances_on_tropical_plants
http://doi.org/10.1093/ajcp/45.4_ts.493
http://rdoc.univ-sba.dz/
https://doi.org/10.1128/genomeA.00160-13
http://doi.org/10.3389/fpls.2020.538311
http://doi.org/10.3389/fpls.2020.538311
http://doi.org/10.3389/fmicb.2018.03248
https://doi.org/10.9734/BMRJ/2013/2302
https://doi.org/10.1371/journal.pone.0150895
https://pubmed.ncbi.nlm.nih.gov/?term=Edwards+U&cauthor_id=2798131
https://pubmed.ncbi.nlm.nih.gov/?term=Rogall+T&cauthor_id=2798131
https://pubmed.ncbi.nlm.nih.gov/?term=Bl%C3%B6cker+H&cauthor_id=2798131
https://pubmed.ncbi.nlm.nih.gov/?term=Emde+M&cauthor_id=2798131
http://doi.org/10.1093/nar/17.19.7843


Lakhdar et al., 2023 / Plant growth-promoting endophytic bacteria isolated from Launaea arborescens 

 

 
 JAAB | Journal of Agriculture and Applied Biology 81 Volume 4 | Number 1 | June | 2023 

 

Elvira-Recuenco, M., & Van Vuurde, J.W. (2000). Natural 

incidence of endophytic bacteria in pea cultivars 

under field conditions. Canadian Journal of Micro-

biology, 46, 1036-1041. CrossRef 

Ferreira, A., Quecine, M.C., Lacava, P.T., OdaS, Azevedo, 

J.L., & Araújo, W. (2008). Diversity of endophytic 

bacteria from Eucalyptus species seeds and coloni-

zation of seedlings by Pantoea agglomerans. FEMS 

Microbiology Letters, 287, 8−14. CrossRef 

Garcia-Lemos, A.M., Großkinsky, D.K., Saleem, A.S., Nico-

laisen, M.H., Roitsch, T., Nybroe, O., & Veierskov, B. 

(2020). Identification of root-associated bacteria 

that influence plant physiology, increase seed ger-

mination, or promote growth of the christmas tree 

species Abies nordmanniana. Frontiers in Microbi-

ology, 11, 566613. CrossRef 

Germida, J.J., Siciliano, S.D., Renato de Freitas, J., & Seib, 

A.M. (1998). Diversity of root-assocated bacteria 

associated with field-grown canola (Brassica na-

pus L.) and wheat (Triticum aestivum L.). FEMS Mi-

crobiology Ecology, 26, 43-50. CrossRef 

González-Rodríguez, V.E., Garrido, C., Cantoral, J.M., & 

Schumacher, J. (2016). The F-actin capping protein 

is required for hyphal growth and full virulence 

but is dispensable for septum formation in Botrytis 

cinerea. Fungal Biology, 120, 1225–1235. CrossRef 

Hassan, E., Somayeh, E., & Hossein, A. A. (2017). Potas-

sium solubilizing bacteria (KSB): Mechanisms, pro-

motion of plant growth, and future prospects - a 

review.  Journal of Soil Science and Plant Nutrition, 

17(4), 897-911. CrossRef 

Hazarika, S.N., Saikia, K., Borah, A., & Thakur, D. (2021). 

Prospecting endophytic bacteria endowed with 

plant growth promoting potential isolated 

from Camellia sinensis. Frontiers in Microbiol-

ogy, 12, 738058. CrossRef 

Ivleva, N.B., Groat, J., Staub, J.M., & Stephens, M. (2016). 

Expression of active subunit of nitrogenase via in-

tegration into plant organelle genome. PLoS One, 

11,  e0160951. CrossRef 

Karthik, C., Oves, M., Thangabalu, R., Sharma, R., San-

thosh, S., & Arulselvi, P.I. (2016). Cellulosimicro-

bium funkei-like enhances the growth of Phaseolus 

vulgaris by modulating oxidative damage under 

Chromium (VI) toxicity. Journal of Advanced Re-

search, 7, 839–850. CrossRef 

Kerbab, S., Silini, A., Chenari Bouket, A., Cherif-Silini, H., 

Eshelli, M., El Houda Rabhi, N., & Belbahri, L. 

(2021). Mitigation of NaCl Stress in wheat by rhi-

zosphere engineering using salt habitat adapted 

PGPR halotolerant bacteria. Applied Sciences, 11, 

1034. CrossRef 

Kumar, A., Singh, M., Singh, P.P., Singh, S.K., Singh, P.K., & 

Pandey, K.D. (2016). Isolation of plant growth-pro-

moting rhizobacteria and their impact on growth 

and curcumin content in Curcuma longa L. Bio-

catalysis and Agricultural Biotechnology, 8, 1–7. 

CrossRef 

Kumar, A., Singh, R., Giri, D.D., Singh, P.K., & Pandey, K.D. 

(2014). Effect of Azotobacter chroococcum CL13 

inoculation on growth and curcumin content of 

turmeric (Curcuma longa L.). International jour-

nal of Current Microbiology and Applied Sciences, 3,  

275–283. CrossRef 

Kumar, V., Kumar, A., Pandey, K.D., & Roy, B.K. (2015). 

Isolation and characterization of bacterial endo-

phytes from the roots of Cassia tora L. Annals 

of Microbiology, 65, 1391–1399. CrossRef 

Larsson, D.G.J., & Flach, CF. (2022). Antibiotic resistance 

in the environment. Nature Reviews Microbiol-

ogy, 20, 257–269. CrossRef 

Liotti, R.G., da Silva Figueiredo, M.I., da Silva, G.F., de 

Mendonça, E.A.F., & Soares, M.A. (2018). Diversity 

of cultivable bacterial endophytes in Paullinia 

cupana and their potential for plant growth pro-

motion and phytopathogen control. Microbiologi-

cal Research, 207,  8–18. CrossRef 

McKeen, C.D., Reilly, C.C., & Pusey, P.L. (1986). Produc-

tion and partial characterization of antifungal sub-

stances antagonistic to Monolinia fructicola from 

Bacillus subtilis. Phytopathology, 76, 136-139. 

CrossRef 

Nehra, V., Baljeet, S.S., & Madhu, C. (2016). Evaluation 

of Brevibacillus brevis as a potential plant growth 

promoting rhizobacteria for cotton (Gossypium hir-

sutum) crop.  Springer Plus, 5, 948. CrossRef 

Nongkhlaw, F.M., & Joshi, S.R. (2014). Epiphytic and en-

dophytic bacteria that promote growth of ethno-

medicinal plants in the subtropical forests of Me-

ghalaya, India. Revista de Biología Tropical, 62(4), 

1295-308. CrossRef 

Pacifico, D., Squartini, A., Crucitti, D., Barizza, E., Lo 

Schiavo, F., Muresu, R., Carimi F., & Zottini, M. 

(2019). The role of the endophytic microbiome in 

the grapevine response to environmental trig-

gers. Frontiers in Plant Science, 10, 1256. CrossRef 

Rani, S, Kumar, P., Dahiya, P., Maheshwari, R ;, Dang ,A., S 

& Suneja, P. (2022). Endophytism: A multidimen-

sional approach to plant–prokaryotic microbe in-

teraction. Frontiers in Microbiology,  13, 861235. 

CrossRef 

http://doi.org/10.1139/w00-098
http://doi.org/10.1111/j.1574-6968.2008.01258.x
http://doi.org/10.3389/fmicb.2020.566613
http://doi.org/10.1111/j.1574-6941.1998.tb01560.x
http://doi.org/10.1016/j.funbio.2016.07.007
http://doi.org/10.4067/S0718-95162017000400005
http://doi.org/10.3389/fmicb.2021.738058
https://doi.org/10.1371/journal.pone.0160951
https://doi.org/10.1016/j.jare.2016.08.007
http://doi.org/10.3390/app11031034
http://doi.org/10.1016/j.bcab.2016.07.002
https://www.ijcmas.com/vol-3-9/Ajay%20Kumar,%20et%20al.pdf
http://doi.org/10.1007/s13213-014-0977-x
https://doi.org/10.1038/s41579-021-00649-x
http://doi.org/10.1016/j.micres.2017.10.011
http://doi.org/10.1094/Phyto-76-136
http://doi.org/10.1186/s40064-016-2584-8
http://doi.org/10.15517/rbt.v62i4.12138
http://doi.org/10.3389/fpls.2019.01256
https://doi.org/10.3389%2Ffmicb.2022.861235


Lakhdar et al., 2023 / Plant growth-promoting endophytic bacteria isolated from Launaea arborescens 

 

    
 JAAB | Journal of Agriculture and Applied Biology 82 Volume 4 | Number 1 | June | 2023 

 

Rojas-Tapias, D., Moreno-Galván, A., Pardo-Díaz, S., 

Obando, M., Rivera, D., & Bonilla R. (2012). Effect 

of inoculation with plant growth-promoting bacte-

ria (PGPB) on amelioration of saline stress in 

maize (Zea mays). Applied Soil Ecology, 61, 264– 

272. CrossRef 

Rovida, A.F.D.S., Costa, G., Santos, M.I., Silva, C.R., Freitas, 

P.N.N., Oliveira, E.P., Pileggi, S.A.V., Olchanheski, 

R.L., & Pileggi, M. (2021). Herbicides tolerance in 

a Pseudomonas strain is associated with metabolic 

plasticity of antioxidative enzymes regardless of 

selection. Frontiers in Microbiology, 12, 673211. 

CrossRef 

Shahid, M., & SaghirKhan, M. (2022). Tolerance of pesti-

cides and antibiotics among beneficial soil mi-

crobes recovered from contaminated rhizosphere 

of edible crops. Current Research in Microbial Sci-

ences, 3, 100091. CrossRef 

Shahid, M., Hameed, S., Tariq, M., Zafar, M., Ali, A., & Ah-

med, N. (2015). Characterization of mineral phos-

phate-solubilizing bacteria for enhanced sun-

flower growth and yield-attributing traits. Annals 

of Microbiology, 65, 1525–1536. CrossRef 

Shahid, M.S., Manoharadas, M., Altaf, M., & Alrefaei, A.F. 

(2021). Organochlorine pesticides negatively influ-

enced the cellular growth, morphostructure, cell 

viability, and biofilm-formation and phosphate-

solubilization activities of Enterobacter cloa-

cae strain EAM 35. ACS Omega, 6(8), 5548-5559. 

CrossRef 

Singh, P.,  Kumar, V.,  & Agrawal, S. (2014). Evaluation of 

phytase producing bacteria for their plant growth 

promoting activities. International Journal of Mi-

crobiology,  426483. CrossRef  

Soad, A., Algam, X.G., & Jef, C. (2005). Delivery methods 

for introducing endophytic Bacillus into tomato 

and their effect on growth promotion and suppres-

sion of tomato wilt. Plant Pathology Journal, 4, 69-

74. CrossRef 

Sondang, Y., Siregar,  R., & Anty, K. (2021). Identification 

of endophytic and rhizosphere bacteria in rice 

(Oryza sativa L.) in the experimental field at Paya-

kumbuh State Agriculture Polytechnic, West Suma-

tra, Indonesia. IOP Conferences Series: Environ-

mental Earth Sciences, 883, 012085. CrossRef 

Srivastava, N., Bhandari, V., & Bhatt, A.B. (2014). PGPR 

Isolated from rhizospheric soil of Zanthoxylum ar-

matum DC. in Garhwal Himalaya.  International 

Journal of Herbal Medicine, 2(1), 100-108. Direct 

Link. 

Strassemeyer, J., Daehmlow, D., Dominic, A., Lorenz, S., & 

Golla, B. (2017). SYNOPS-WEB, an online tool for 

environmental risk assessment to evaluate pesti-

cide strategies on field level. Crop Protection, 97, 

28–44. CrossRef  

Toghueo, R.M.K., Zabalgogeazcoa, I., Vázquez de Aldanab, 

B.R., & Boyoma, F.F. (2017). Enzymatic activity of 

endophytic fungi from the medicinal plants Termi-

nalia catappa, Terminalia antaly and Cananga odo-

rata. South African Journal of Botany,  109, 146–53. 

CrossRef 

Tripathi, V.C., Satish, S., Horam, S., Raj, S., Arockiaraj, J., 

Pasupuleti, M., & Dikshit, D.K. (2018). Natural 

products from polar organisms: structural diver-

sity, bioactivities and potential pharmaceutical ap-

plications. Polar Science, 18, 147–166. CrossRef 

 Zhang, Q., Acuña, J.J., Inostroza, N.G., María Luz 

Mora, Sergio Radic, Michael J. Sadowsky &   Milko, 

A. (2019). Jorquera, endophytic bacterial commu-

nities associated with roots and leaves of plants 

growing in chilean extreme environments. Scien-

tific Reports, 9, 4950. CrossRef. 

 

http://doi.org/10.1016/j.apsoil.2012.01.006
http://doi.org/10.3389/fmicb.2021.673211
https://www.sciencedirect.com/journal/current-research-in-microbial-sciences/vol/3/suppl/C
http://doi.org/10.1016/j.crmicr.2021.100091
http://doi.org/10.1007/s13213-014-0991-z
http://doi.org/10.1021/acsomega.0c05931
https://doi.org/10.1155/2014/426483
http://doi.org/10.3923/ppj.2005.69.74
http://doi.org/10.1088/1755-1315/883/1/012085
https://www.florajournal.com/vol2issue1/28.1.html
https://www.florajournal.com/vol2issue1/28.1.html
https://doi.org/10.1016/j.cropro.2016.11.036
http://doi.org/10.1016/j.sajb.2016.12.021
http://doi.org/10.1016/j.polar.2018.04.006
https://www.nature.com/articles/s41598-019-41160-x#auth-Mar_a_Luz-Mora
https://www.nature.com/articles/s41598-019-41160-x#auth-Mar_a_Luz-Mora
https://www.nature.com/articles/s41598-019-41160-x#auth-Sergio-Radic
https://www.nature.com/articles/s41598-019-41160-x#auth-Michael_J_-Sadowsky
https://www.nature.com/articles/s41598-019-41160-x#auth-Milko_A_-Jorquera
https://www.nature.com/articles/s41598-019-41160-x#auth-Milko_A_-Jorquera
https://doi.org/10.1038/s41598-019-41160-x

