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Abstract: Endophytes are ubiquitous organisms that reside within plant organs and contribute to the growth
and well-being of plants. Nevertheless, there is limited knowledge regarding the plant growth-promoting
endophytes found in medicinal plants. Therefore, the aims of the present work were to isolate some endophytic
bacteria associated with roots, stems, leaves and inflorescences of Aerva javanica, collected from the Shada
Alasfal Mountain at Albaha region, Saudi Arabia. After that, they were screened for some of their direct and
indirect plant growth-promoting mechanisms. Finally, based upon their internal transcribed spacer 165 rRNA
gene sequencing, the isolates were identified. The results showed that the selected endophytes differentially
produced IAA and ammonia, and solubilized phosphate as direct mechanisms. In addition, they had exhibited
variable capacities to produce some lytic enzymes and HCN beside their antifungal activities. Furthermore,
they showed abilities to tolerate some stress conditions. The bacterial endophytes were identified by molecular
methods and belonged to the genera of Micrococcus, Enterobacter, Pseudomonas, Delftia and Bacillus. The findings
of this study indicated that the bacterial endophytes isolated from Aerva javanica are possessing crucial
functions to improve plant growth and could be utilized as biofertilizers or bioagents to establish a sustainable
crop production system.
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1. Introduction

The medicinal plants and their valuable secondary metabolites have extensive applications as
raw materials in agriculture and industry due to their high economic value. Over the past two
decades, numerous research has concentrated on the endophytic microbiota by examining their
presence within the organs of medicinal plants [1]. These findings contribute to the comprehension
of the colonization and diversity of endophytic bacteria in medicinal plants. The arrangement and
makeup of endophytic communities are influenced by environmental conditions and characteristics
linked with plants, such as the genetic makeup of the plant, its stage of development, and its
phenology [2]. Endophytic bacteria were identified from many phyla of bacteria, including
Actinobacteria, Firmicutes, Proteobacteria, and Bacteroidetes [3]. Plant metabolites possess potent
physiological actions; yet, their production is hindered by unpredictable environmental conditions
and frequent climatic fluctuations, resulting in challenges for both quality and productivity [4].
Therefore, the exploration of bioactive metabolites from microorganisms through bioprospecting has
emerged as a very promising alternative approach for drug development [5]. Endophytes are
renowned for their role in enhancing and sustaining the health and growth of plants [6]. In turn,
plants offer a diverse environment consisting of various abiotic and biotic elements that facilitate the
colonization of endophytes. Nevertheless, as a result of distinct nutritional requirements throughout
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various phases of growth, the physiological characteristics of plants differ throughout their life cycle.
[7].

The use of endophytes is following two directions which are the direct and indirect mechanisms
by which these microorganisms can aid in plant health [8]. Converting endophytic bacteria into bio-
factories for the sustainable production of a variety of materials using renewable sources is the goal
of agricultural and industrial biotechnologies such as producing enzymes, HCN, which are
considered indirect mechanisms for plant growth, and other metabolic compounds, in agriculture
field, nutrition and solve environmental issues, etc. In this regard, the wide metabolic potential of
endophytes has resulted in a huge attention being attracted to these microorganisms in a
biotechnological perspective [1]. These systems can serve as both direct and indirect means of
enhancing plant development. For instance, many strains of endophytic bacteria have demonstrated
advantageous characteristics that serve as direct methods for promoting plant growth. These include
nitrogen fixation, inorganic phosphate solubilization, secretion of siderophores, and production of
IAA [9]. Moreover, the synthesis of antimicrobial substances is regarded as a very effective and
extensively researched method employed by endophytes to restrict the growth of disease-causing
microorganisms in plants. This mechanism has been widely comprehended in the last twenty years
[10].

Aerva javanica is a perennial herbaceous plant that is classified under the Amaranthaceae family
and is known for its therapeutic properties. This plant species exhibits a high level of adaptation that
enables it to thrive in the unique environment found in the southern west parts of Saudi Arabia,
which are known for their abundant plant variety [11]. The present investigation will concentrate on
Shada Alasfal Mountain, situated in the Albaha region of Saudi Arabia [12]. Aerva javanica is a plant
with a tall, upright, and sturdy stem that can reach a height of 1.6 meters [13]. It was studied ethno-
botanically, chemically, and biologically to assess their medicinal uses, phytochemical constituents,
and biological activities. In a study by Suleiman [14], the plant organs ethanolic extract had revealed
weak antimicrobial activities against some pathogens. Another investigation carried out on different
extracts of A. javanica revealed that methanolic extracts showed potential antibacterial activities [15].
Singh and Jha [16] had isolated Enterobacter cloaceae as an endophytic bacterium for A. javanica roots
that had the ability to produce ACC deaminase activity, nitrogen fixation and ammonia production.
The strain had shown the tolerance to NaCl concentrations up to 6% (w/v), growing ability up to pH
11 and temperature of 50°C. In another study, an endophytic fungus Cercospora sp. PM018 that was
isolated from A. Javanica, had produced palmitic acid and stearic acid as antibacterial compounds
[17].

Hence, this study was focused on the isolation and identification by molecular method of
putative endophytic bacteria isolates from Aerva javanica, which is a native inhabitant of Shada
Alasfal Mountain. Direct and indirect plant growth promoting (PGP) properties of the selected
bacterial endophytes involving extracellular enzymes (amylase, protease, cellulase, gelatinase, lipase
and esterase), JAA, HCN and ammonia productions, phosphate solubilization abilities, their
antifungal activities and abilities to tolerate some stress conditions were evaluated as some beneficial
roles for plant growth.

2. Materials and Methods
2.1. Plant Sampling and Study Area

Aerva javanica (Burm. f.) Juss. ex Schult. (Family Amaranthaceae) (Figure 1) was collected from
Shada Al-Asfal Mountain (19°44'07.7"'N 41°22'52.5"E) in Albaha region, Saudi Arabia (Figure 2).
Twelve individual plant samples were collected from the site. The plant samples were transferred to
the lab in sterile plastic bags and stored at 4°C until used. After that, they were subjected to isolation
procedures within 48 hrs [18]. A sample of the plant was formally identified and deposed at the
herbarium of Biological Sciences Department of King Abdul-Aziz University.
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Figure 1. Aerva javanica plant sample in field.
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Figure 2. A map of Shada Al-Asfal Mountain.

2.2. Isolation of Endophytic Bacteria

Aerva javanica samples were divided into stems, roots, leaves, and inflorescences and sterilized
by the five-step surface sterilization method, as outlined by Qin et al. [18] and Musa et al. [19]. To
isolate endophytic bacteria from each plant organ, the organ was aseptically fragmented into small
segments and placed directly on seven different agar media. These agar media included Starch Casein
Agar, Starch Nitrate Agar, Humic Acid-Vitamin Agar, Tryptic Soy Agar, Tap Water Yeast Extract
Agar, Inorganic Salts-Starch Agar (ISP 4), and Potato Dextrose Agar. The petri dishes were placed in
an incubator set at a temperature of 28°C for a duration of 1-2 weeks, as described by
Phongsopitanuna et al. [20]. To purify a single colony of bacterial endophyte, it was selected and
streaked over freshly prepared Tryptic Soy Agar in order to get pure isolates.

2.3. Direct Mechanisms by Endophytic Bacteria

2.3.1. Solubilization of phosphate

The approach described by Islam et al. [21] was employed to assess the capacity of the chosen
endophytes to solubilize phosphate. The isolates were inoculated onto Pikovskaya's agar plates
supplemented with tricalcium phosphate (TCP) and incubated at a temperature of 28°C for a duration
of 24 hours. Phosphate solubilization was suggested by the presence of a clear zone surrounding a
developing colony. The formulas used to compute the phosphate solubilization index (PSI) was as
follows:
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PSI = (colony diameter (mm) + halo zone diameter (mm)) / colony diameter (mm)

2.3.2. Production of Indole-3-acetic acid (IAA)

The determination of IAA production was conducted using the standard approach established
by Ndeddy Aka and Babalola [22]. The strains were introduced into a solution of tryptic Soy broth
supplemented with 2 mg/ml of L-tryptophan and subjected to incubation on an orbital shaker at a
speed of 150 rpm. The bacterial strains were cultured at a temperature of 28°C for a duration of 72
hours. The culture broths underwent centrifugation at a speed of 10,000 revolutions per minute for a
duration of 10 minutes. Following centrifugation, 1 ml of the resulting liquid above the sediment was
combined with 2 ml of Salkowski reagent. The presence of a pink color indicates the formation of
IAA.

2.3.3. Ammonia Production

The ammonia generation by endophytic isolates was evaluated using the methodology
described by Islam et al. [21]. Ten microliters of recently prepared strains cultures were introduced
into test tubes containing 10 milliliters of peptone water broth and placed in an incubator at a
temperature of 28 degrees Celsius for a duration of 24 hours. The test tubes were placed on a rotary
shaker and rotated at a speed of 150 revolutions per minute. After the incubation period, 1 ml of
Nessler's reagent was introduced into each test tube, and any alterations in color were noted. A shift
in the media's hue to yellow or brown indicates a beneficial outcome for ammonia production.

2.4. Indirect Mechanisms by Endophytic Bacteria

2.4.1. Antifungal Activities

The bacterial isolates were tested for their ability to inhibit the development of three
phytopathogens, namely Lasiodiplodia sp., Pinicillium sp., and Aspergillus flavus. This was done using
a dual-culture technique that measures the percentage of inhibition of radial growth (PIRG) [23].
Each phytopathogen was inoculated with a mycelial plug (5 mm) on one side of a Petri dish
containing tryptic soy agar (TSA), positioned 20 mm away from the edge. On the opposite side, each
endophytic bacterial isolate was streaked as a line on the medium, also 20 mm away from the edge.
The antagonistic activity of the chosen bacterial isolates against these phytopathogens was evaluated
after 7 days of incubation by measuring the radius of the phytopathogens colony using the specified
formula:

Percentage (%) of inhibition of radial growth (PIRG) = (R1 - R2/R1) x 100

Where R is the radial growth of the phytopathogen fungal colony on the control plate and Rz is
the radial growth of the phytopathogen fungal colony in the dual culture.

2.4.2. Production of Extracellular Enzymes

The selected isolates were tested for their capacity to produce hydrolytic enzymes (amylase,
protease, gelatinase, lipase, esterase, and cellulase) on Tryptic Soy Agar supplemented with 1%
starch, skimmed milk, gelatin, Tween 80, Tween 20, and carboxy methylcellulose (CMC)
correspondingly. The chosen bacterial isolates were streaked on the designated media and placed in
an incubator for a period of 72 hours at a temperature of 28 degrees Celsius. The control treatments
comprised of the identical media devoid of bacterial inoculation [24]. Furthermore, the presence of
catalase activity was identified by introducing 1 mL of a 3% hydrogen peroxide (H20:) solution to
the bacterial colonies following the incubation time. The addition of hydrogen peroxide resulted in a
positive reaction characterized by the creation of bubbles, which released O2 [25]. The experiments
were conducted three times to ensure accuracy and reliability.

An assistant performed the detection of certain enzymes using specified solutions. To produce
amylase, the plates were submerged in an Iodine solution, left for one minute, and then drained. The
reaction between iodine and starch results in the formation of a chemical that exhibits a blue tint. The
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rate of fading of this blue color is high. Therefore, the absence of color in the area surrounding
colonies shows the synthesis of amylase [26]. Furthermore, gelatinase synthesis was evaluated by
saturating the petri dishes with a 20% solution of trichloroacetic acid (TCA). The presence of a distinct
area devoid of growth within a minimum of 4 minutes highlights the excellent outcome [27]. In
addition, 1% solution of Congo Red was applied to the surface of mature cellulase test cells for a
duration of 20 minutes. Subsequently, the plate surfaces were immersed in a 1 M NaCl solution and
allowed to remain undisturbed for a duration of 30 minutes. The presence of halos surrounding
colonies serves as an indication of the deterioration of CMC and is indicative of the synthesis of
cellulase [28]. The activities of protease, lipase, and esterase were assessed by directly measuring the
ensuing clear zone after inoculation, without the use of immersion solutions.

Enzymatic activity was observed for all the enzymes examined, except for catalase. This was
determined by measuring the hydrolysis halos in millimeters and the diameter of the colonies at the
conclusion of the incubation period [24]. The experiments were conducted in duplicate.
Subsequently, the results were assessed by determining the enzymatic index (EI). The enzyme index
(EI) was determined using the following equation: EI is defined as the ratio of the diameter of the
halo to the diameter of the colony. The isolates were categorized according on their production levels
as non-producer (EI=0), low producer (0>EI<2), moderate producer (2>EI<3), and high producer
(EI>3). The calculation was performed using the formula:

EI = Diameter of hydrolysis zone (mm) divided by Diameter of colony (mm)

2.4.3. Production of Hydrogen Cyanide (HCN)

The determination of hydrogen cyanide activity was conducted following the procedure
established by Bakker and Schippers [29]. The endophytic bacterial cultures were streaked
individually on tryptic soy agar supplemented with 0.4% (w/v) glycine. A Whatman no. 1 filter paper,
saturated with a solution of picric acid, was positioned on the surface of the Petri dishes.
Subsequently, the plates were securely sealed using parafilm and placed in an incubator set at a
temperature of 28°C for a duration of 24 hrs. The transition of the filter paper's hue from yellow to
orange to reddish-brown, as visually seen, signifies a positive outcome.

2.4.4. Abiotic Stress Tolerance

Various abiotic stress tolerance experiments were performed on fresh tryptic soy agar cultures
of endophytic bacteria at different levels. These tests included exposure to Sodium chloride (NaCl),
heavy metals such as copper sulphate (CuSOs) and cobalt sulphate (CoSOs), as well as high and low
temperature degrees and pH values. The salinity resistance test cultures were assessed by monitoring
their growth on a medium containing various concentrations of NaCl (0.5%, 2.5%, 5%, 7.5%, and 10%)
[30]. The isolates were subjected to heavy metal tolerance stress by cultivating them on TSA plates
that were supplemented with various soluble heavy metal sulphate salts (copper-Cu and cobalt-Co)
at different concentration ranges (4, 10, 20, 30, 50, 100, 150, 200, 300, 500, 700, 1000, 1250, and 1500
ppm) [31]. The temperature resistance was evaluated using a range of temperatures (4, 10, 20, 28, 37,
45, 50, 55, and 60°C). The pH values ranged from 4 to 11, encompassing both acidic and alkaline
conditions. The stress components' levels were examined in order to identify the maximum tolerance
concentration (MTC). Each of these petri dishes underwent incubation for a duration of 48 hours. The
results were classified as positive (+) or negative (-) based on the bacterial growth observed in each
treatment.

2.5. Molecular Identification of Endophytic Bacteria

The identification of bacterial chosen isolates was performed using the partial sequencing of 165
rRNA, as described by Nxumalo et al. [32]. The genomic DNA of each bacterial isolate was extracted
using the methodology described by Weiland [33]. In summary, individual colonies were collected
from a Tryptic Soy Agar plate using a sterile toothpick and then placed in a 50 pL solution consisting
of 25 puL of Mastermix (including 50 units/ml of Taq polymerase, 400uL of moles DNTPs, and 3mM
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of MgCl2), 19uL of ultrapure PCR water, 2 uL of forward primer, and 2uL of RNA template. The
thermocycler used for the reaction was the PTC 200 model from MJ Research. The reaction conditions
were as follows: an initial denaturation step at 95°C for 5 minutes, followed by 30 cycles of
denaturation at 95°C for 1 minute, annealing at 58°C for 1 minute, and elongation at 72°C for 2
minutes. The final elongation step was performed at 72°C for 5 minutes. These conditions were used
to amplify a partial 165 rDNA fragment using the bacterial universal primers 27f (5'-
AGAGTTTGATCCTGGCTCAG-3") and  1492r (5-GGTTACCITGTTACGACTT-3).  The
amplification process was verified through the detection of ethidium bromide fluorescence in a 1%
agarose gel. PCR results were sent to Macrogen, Inc. (Seoul, Korea) for sequencing. The obtained
sequences were then compared to similar sequences in their 165 rRNA databases using the NCBI
BLAST nucleotide search, which is based on the GenBank database [34].

3. Results

3.1. Isolation of Endophytic Bacteria

A total of 1129 bacterial colonies were isolated from the roots, stems, leaves, and inflorescences
of healthy Aerva javanica plants obtained from Shada Alasfal Mountain in the Albaha region of Saudi
Arabia. The roots and stems exhibited the greatest abundance of bacterial colonies, with 359 and 311
respectively, while inflorescences displayed the lowest number of endophytic bacteria, with 199
colonies. Moreover, tryptic soy agar and starch casein agar exhibited the highest efficacy in
promoting the growth of endophytic bacteria, with 225 and 191 isolates, respectively. The humic acid-
vitamins agar exhibited the lowest number of bacterial isolates, with a total of 128 strains (Figure 3).
All the data from the following experiments were presented as the average of three separate
replicates, with the standard deviation (SD) indicated as mentioned earlier. Mean values were
deemed statistically significant when p < 0.05.

gre™”

#TS8A =" TWYEA mSCA " SNA mHVA wISP4 mPDA

Figure 3. The total percentage of the appeared bacterial colonies on the isolation media for each organ
of A. javanica.

3.2. Direct PGP Activities of A. javanica Bacterial Endophytes

The PGP activities were directly assessed by evaluating the capacity of the chosen bacterial
isolates to solubilize phosphate, create indole acetic acid (IAA), and generate ammonia. 50% of the
bacterial isolates exhibited phosphate solubilization capabilities, while IAA was detected in 66.7% of
the bacterial samples. Nevertheless, only one isolate exhibited a complete lack of ammonia
production capability. BAB6 had the highest potential for phosphate solubilization, with an EI
(Effectiveness Index) of 2.75. On the other hand, IAA showed the highest production rate among
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BABI1, BAB4, and BAB6. Furthermore, both BAB2 and BAB5 exhibited the most elevated levels of
ammonia generation, as indicated in Table 1.

3.3. Indirect PGP Activities of A. javanica Bacterial Endophytes

All bacterial isolates tested positive for HCN, with BAB1 exhibiting the greatest production rate
(Table 1). According to figure 4., all bacterial isolates exhibited antagonistic effects against two
pathogenic fungi, namely Penicillium sp. and Aspergillus flavus. However, only one bacterial isolate
was unable to suppress the growth of Lasiodiplodia sp. BAB3 had the strongest antagonistic activity,
inhibiting Lasiodiplodia sp. by 81.6%. BAB5 also showed significant inhibitory activity, with a rate of
66.7%. However, BAB1 did not demonstrate any ability to inhibit Lasiodiplodia sp. In addition, BAB3
exhibited a 61% inhibition of the phytopathogenic fungus Penicillium sp. All of the bacterial isolates
exhibited a limited capacity to inhibit Aspergillus flavus, with inhibition rates ranging from 28.8% to
37.2%.

Table 1. Phosphate solubilization index (PSI) and IAA, ammonia and HCN production rates by the
selected endophytic bacteria strains.

Phosphate Ammonia Production HCN Production
Bacterial Solubilization 1AA Growth Growth
. 1O 1O
Isolate Index Production Color Rate Color Rate
BAB1 1.00 - Light Yellow + Reddish Brown +HH
BAB2 1.00 ++ Brownish Yellow + Light Brown +
BAB3 3.65 ++ Light Yellow + Dark Brown ++
BAB4 1.00 ++ Yellow - Dark Brown ++
BAB5 3.38 - Brownish Yellow + Light Brown +
BAB6 3.75 + Yellowish Brown ++ Dark Brown ++

The endophytic bacteria were examined for their capacity to synthesize various lytic enzymes,
including amylase, protease, gelatinase, cellulase, lipase, and esterase (Figure 5). The Enzymatic
Index (EI) for all of these isolates was determined by assessing their capacity to synthesize a minimum
of 3 out of the 6 examined enzymes. All of the isolates exhibited amylolytic activity. Four isolates
produced protease, gelatinase, and esterase enzymes apiece. Only two isolates showed lipolytic
activity, whereas three isolates had end cellulolytic activity. Certain isolates demonstrated
exceptional enzymatic efficiency. The amylase and gelatinase activity of BAB1 were found to be the
greatest, with an Enzyme Index (EI) of 1.38 and 4.94, respectively. BAB3 had the highest levels of
protease and esterase production, with an Enzyme Index (EI) of 2.59 and 2.00, respectively. On the
other hand, BAB5 demonstrated the highest EI for cellulase production, with a value of 2.00. In
contrast, only BAB3 and BAB4 isolates exhibited high EI readings of 0.96 and 1.00 respectively.

m Lasiodiplodia sp. = Penicillium sp. Aspergillus sp.
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Figure 4. Percentage of inhibition of radial growth (PIRG%) for some pathogenic fungal strains by the

35.3

> I

2 61.0

@ 346
]

. 418

12

2 s
;—au
v I 134
% s

B 1

endophytic bacteria isolated from Aerva javanica.
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The bacterial isolates were assessed for their abiotic stress resistance by observing their
development at varying levels of sodium chloride, temperatures, pH, and heavy metals such as
copper sulphate and cobalt sulphate. The majority of the bacterial isolates demonstrated the capacity
to thrive in the presence of 2.5% salt, with the exception of BAB2 and BAB6, which exhibited an
inability to grow under conditions of salinity stress. Nevertheless, BAB1 and BABI reached their
maximum growth rates at 7.5% and 10% respectively, as seen in Figure 6. Regarding temperature
stress, it was observed that only three isolates were able to develop at a minimum temperature of
20°C, despite the fact that all bacterial isolates were capable of growing within the range of 28-37°C.
In addition, BAB2, BAB3, BAB5, and BAB6 exhibited tolerance to temperatures up to 50°C, as shown
in Figure 7. Furthermore, the capabilities of the chosen bacterial isolates were evaluated for their
ability to thrive in both low and high pH environments. The findings indicated that the isolates
exhibited growth at a minimum pH of 6, while their tolerance to higher pH levels varied. For
example, BAB2 and BAB6 reached a pH of 9 and 10, respectively, while the other isolates grew up to
a pH of 11 (Figure 8).

BAAS5 6.79 2.00 4.15 +
BAA3 2.06 3.71 4.93 2.58 2.37 +
BAA2 2.68 4.11 2.88 2.53 4.29 +

sant D 77 30 | T

=G Lipase =E = Cell mC

- y -

Figure 5. Enzymatic index (EI) for the selected bacterial isolates.
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Figure 6. Salt salinity tolerance by the selected bacterial isolates.
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Figure 7. High temperatures tolerance by the selected bacterial isolates.
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Figure 8. pH tolerance by the selected bacterial isolates.

In addition, the bacterial endophytes demonstrated resistance to copper sulphate and cobalt
sulphate, which were used as heavy metal tests. BAB5 exhibited the lowest levels of resistance to
copper sulphate, with maximum growth observed at a concentration of 200 ppm. In contrast, BAB2
and BAB3 shown resistance up to a concentration of 300 ppm. Nevertheless, BAB1, BAB4, and BAB6
exhibited greater resistance to concentrations of 500, 700, and 1000 ppm, respectively, as shown in
Figure 9. However, the chosen isolates exhibited a greater resistance to cobalt sulphate compared to
copper sulphate. BAB6 exhibited the greatest level of resistance to 1500 ppm of cobalt sulfate,
followed by BAB4 and BAB1 with concentrations of 1250 and 1000 ppm, respectively. At a
concentration of 500 ppm, both BAB3 and BAB5 exhibited their maximum tolerance to copper
sulphate, as shown in Figure 10. BAB2, on the other hand, reached its maximum tolerance at a
concentration of 700 ppm.

L1 ulo =20 30 50 » 100 w150 200 300 100 500 =700 W1000 s ] e— E_
mane RN - .
sans NN I
BAB4 0 0 ] [

BAB3 - mm
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Figure 9. Stress tolerance of Copper Sulphate as a heavy metal by the selected bacterial isolates.
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Figure 10. Stress tolerance of Cobalt Sulphate as a heavy metal by the selected bacterial isolates.

3.4. Molecular Identification of Selected Endophytic Bacteria

Six bacterial isolates were chosen for further investigation based on the variations seen among
the colonies. In summary, BAB1 and BAB2 were extracted from the roots, whereas BAB3 was
extracted from the stems. However, the remaining isolates were obtained from leaves. In addition,
BAB1, BAB5, and BAB6 were obtained from SNA, SCA, and TWYEA, respectively, while the
remaining isolates were obtained from ISP4 Table (2). The bacterial isolates BAB1, BAB2, BAB3,
BAB4, BAB5, and BAB6 were identified molecularly by comparing their 165 rRNA gene sequences to
known sequences. The results showed that BAB1 had a 99% similarity to the sequence of Micrococcus
sp. Mcap_H18, BAB2 had a 99% similarity to the sequence of Enterobacter cloacae HSNJ4, BAB3 had a
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99% similarity to the sequence of Pseudomonas aeruginosa AAII-2, BAB4 had a 99% similarity to the
sequence of Delftia sp. 1p09, BAB5 had a 99% similarity to the sequence of Bacillus licheniformis
VTM1R80, and BAB6 had a 99% similarity to the sequence of Bacillus parabrevis strain NAP3. Table 1
and Figure 11 displayed the source organ for each chosen bacterial isolate, along with their genetic
identity. The sequences of closely related organisms were collected from Gen Bank in order to
reconstruct the phylogenetic tree.

Table 2. Isolated organ and medium, and sequence similarities of endophytic bacteria strains with
sequences registered in GenBank.

Isolate Isolated Isola.ted Species P.erc.ent.“ o Accession Number
organ medium Similarity
BAB1 Roots SNA Micrococcus sp. Mcap_H18 100 KP640586.1
BAB2 Roots ISP 4 Enterobacter cloacae HSNJ4 100 KY463446.1
BAB3 Stems ISP 4 Pseudomonas aeruginosa AAII-2 100 LN558606.1
BAB4 Leaves ISP 4 Delftia sp. Ip09 9 KR673339.1
BAB5 Leaves SCA Bacillus licheniformis VIMIR80 100 KP245794.1
BAB6 Leaves TWYEA Brevibacillus parabrevis NAP3 9 K]872854.1

“@Micrococcus sp. Mcap_H18 168 ribosomal RNA gene, partial sequence
Bacillus licheniformis strain VTM1R80 168 ribosomal RNA gene, par.

Brevibacillus parabrevis strain NAP3 168 ribosomal RNA gene, partia..

9 -2 Enterobacter cloacae strain HSNJ4 168 ribosomal RNA gene, pa.

9

IU.U'/‘ I -

“Pseudomonas aeruginosa partial 16S rRNA gene, isolate AAII-2

-9 Delftia sp. Ip09 168 ribosomal RNA gene, partial sequence

Figure 11. Phylogenetic analysis of 165 rRNA sequences of the bacterial isolates with the sequences
retrieved from NCBI (National Center for Biotechnology Information).

4. Discussion

Plant growth promoting bacteria are currently being used as a promising approach to enhance
plant growth and increase crop output in sustainable agriculture. Endophytic bacteria are valuable
bioresources due to their capacity to inhabit the internal tissues of plants through direct contact [35].
Plants face ongoing challenges from their surroundings, including living organisms and non-living
factors including infections, high and low pH levels, extreme temperatures, and heavy metals.
Endophytes can assist these plants through various direct and indirect means, offering possible
support. The study aimed to separate and categorize the chosen endophytic bacteria from Aerva
javanica based on their physical features and molecular classification. The following six Plant Growth
Promoting Bacteria (PGPB) were isolated from various parts of A. javanica, including roots, stems,
leaves, and inflorescences: Micrococcus sp. Mcap_H18, Enterobacter cloacae, Pseudomonas aeruginosa,
Delftia sp., Bacillus licheniformis, and Brevibacillus parabrevis. Bacillus, Enterobacter, and Pseudomonas are
the predominant genera of bacterial endophytes, as described by Hassan [36], Ben Slama et al. [37],
and Pinto et al. [38].

Endophytes can contribute to plant health through two distinct processes: direct and indirect.
These strategies involve the active participation of bacteria in promoting plant well-being [8]. Direct
interactions with endophytes involve enhanced nutrient uptake and increased phytohormone levels
in the plant. These interactions directly contribute to increased biomass production, root system
development, plant height, weight reproduction, and yield. Due to these advantages, they can be
labeled as biofertilizers [39]. Initially, the direct actions of PGP have been conducted by screening for
the solubilization of phosphate and the formation of ammonia and IAA. 50% of the bacteria that were
separated were capable of exhibiting phosphate solubilization. The genera that exhibited the highest
level of productivity were Bacillus and Pseudomonas. Pinto et al. [38] have documented comparable
findings. Endophytic bacteria have the ability to produce indole acetic acid (IAA), which is an
important hormone that regulates plant growth. They do this by using different routes and using
tryptophan as the major building block [40]. Our analysis revealed that all the isolates tested, with
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the exception of BAB1 and BAB5, were capable of producing IAA. Extensive evidence exists to
support the fact that the majority of endophytic bacteria are capable of synthesizing indole-3-acetic
acid (IAA) [36, 37, 40].

The generation of ammonia is a significant characteristic of bacteria that promote plant growth.
It collects and provides nitrogen to their host plants, hence enhancing plant development. Several
investigations have documented the ammonia generation by endophytic bacteria. All bacterial
strains, save one, exhibited positive ammonia production in this investigation. The isolates have been
classified as diazotrophic bacteria due to their capacity to convert gaseous nitrogen into a useful form
of ammonia [41]. The results align with the discoveries made by Hassan [36] and Pinto et al. [38]. All
of the bacterial strains that were examined showed positive results for the HCN production test. It
was thought that the synthesis of HCN contributes to the stimulation of plant growth by inhibiting
plant diseases [42]. Nevertheless, this notion has undergone recent modifications. HCN synthesis is
thought to enhance phosphorus availability by binding and isolating metals, hence indirectly
increasing nutrient availability to rhizobacteria and host plants [43-44].

Furthermore, indirect PGP activities encompass the synthesis of secondary metabolites, such as
antimicrobial agents and enzymes. Additionally, these activities provide protection for plants against
biotic threats, such as pests, and abiotic challenges, including salt salinity, extreme pH levels,
temperatures, and heavy metal exposure. This work investigated indirect pathways by conducting
screenings for antifungal activity against pathogenic fungi, lytic enzymes, and abiotic stimuli such as
salt salinity, high and low pH, temperatures, and heavy metals like copper sulfate and cobalt
sulphate. Endophytic bacteria engage in several interactions with plants, including the control of
plant diseases through antagonism, which indirectly enhances plant development characteristics.
Endophytes possessing plant growth promoting properties are employed as a substitute for chemical
pesticides in the agricultural sector [45-46]. Our results indicated that every isolated endophytic
bacterium exhibited zones of inhibition against at least one of the fungal infections that were
examined. These endophytes have the capacity to act as biocontrol agents by suppressing the growth
of pathogenic fungus.

Endophytes possess enzymatic capabilities that enable them to defend their host plants by
breaking down the cell walls of harmful bacteria, as described by Glick [9]. Endophytes acquire
nutrients from plants through the secretion of enzymes. These enzymes enhance plant nutrition and
contribute to plant aging by breaking down certain organic compounds within the plants [47].
Amylases are employed for the process of breaking down starch into sugars on a large scale in
industries. On the other hand, cellulase is utilized in the manufacturing of biofuels, specifically
bioethanol, by utilizing lignocellulosic substrates. Lipases, also known as triacylglycerol ester
hydrolyses, facilitate the hydrolysis of triglycerides into glycerol and free fatty acids at the interface
between oil and water. Under conditions without water, they facilitate the formation of glycerides
from glycerol and fatty acids by catalyzing the reverse processes, namely esterification,
interesterification, and transesterification [48]. In addition, protease is an enzyme that is found in all
living species and is necessary for cell signaling, differentiation, cell proliferation, and metabolism.
The majority of proteases are obtained from Bacillus sp. [48]. Antioxidant enzymes, like catalase, have
a crucial function in removing reactive oxygen species (ROS). Research has shown that during
drought conditions, these enzymes are activated as a response to stress. This suggests that a strong
antioxidant capacity is linked to the ability to tolerate stress [49]. Catalase catalyzes the conversion of
hydrogen peroxide (H20:) into water and molecular oxygen (Oz) [50].

Abiotic stress refers to any non-living environmental element that restricts the growth and
metabolic processes of plants. The research focused on studying temperatures, salt saltiness, pH, and
heavy metals like copper sulphate and cobalt sulphate. These parameters have significant impacts on
agricultural output and serve as important limitations. The prevalence of salt salinity is extensive,
impacting around 10% of the Earth's land surface, particularly in regions with irrigation [51].
Furthermore, fluctuations in temperature can induce several forms of stress in plants, including
osmotic damage, desiccation, loss of stomatal control, and decreased efficiency of the photosynthetic
machinery [52]. Research has demonstrated that a rapid rise in the surrounding temperature of 5-7
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degrees Celsius induces heat stress in plants. According to Ljubej et al. [53], it disrupts the process of
photosynthesis, decreases plant water availability, hinders flowering and fruiting, and attracts pests
and illnesses. The pH of soil primarily affects the water in the soil and has a crucial role in influencing
soil biology, chemistry, and physical processes. These factors directly affect the growth and
development of plants and the productivity of crops [54], while there is variation among plants in
their ability to withstand severe pH levels, the majority of agricultural plants thrive best when the
pH is close to neutral [55].

Soil contamination by heavy metals is a type of mineral toxicity that has physiological
significance in plants. The presence of abnormally high levels of heavy metals in soils can be
attributed to mining activities, the composition of the parent rocks, and the processing of metals.
Plant growth is significantly impacted by a high concentration of heavy metals, as it results in toxic
effects that hamper the plants' ability to absorb nutrients. This, in turn, leads to damage to the
membrane integrity and enzyme activity of the plants' cells [56].

5. Conclusions

Currently, the study found that the A. Javanica medicinal plant, which is a native of Shada Al-
Asfal Mountain, serves as an ecological niche for a variety of putative bacterial endophytes. In this
study, A. Javanica selected bacterial had a variety of production of IAA, ammonia, and phosphate
solubilization factors as direct mechanisms, while indirect mechanisms were demonstrated by these
bacteria which had produced HCN and some lytic enzymes with antifungal activities. Moreover, the
bacterial isolates had good stress tolerance towards some tested factors like pH, temperatures, salt
salinity and heavy metals which were copper sulphate and cobalt sulphate. Future studies will
examine these isolates' further biocontrol capabilities, though.
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