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Plant growth-promoting rhizobacteria (PGPR) are beneficial soil
microorganisms that promote plant growth in a several ways that includes
phosphate solubilization, nitrogen fixation, and phytohormone synthesis and
control of plant diseases. The medicinally valuable crop turmeric (Curcuma
longa) also provides an ideal rhizospheric site on which to investigate
microorganisms. The knowledge of the associated PGPR can be used to help
have a sustainable agriculture practice and have better crop productivity. This
study explored the effects of rhizospheric soil-derived plant growth-
promoting rhizobacteria (PGPR). Six of the fifty bacterial strains that were
identified were chosen. for further analysis, these isolates were characterized
based on functional traits, including phosphorus, zinc, siderophore synthesis,
indole-3-acetic acid synthesis, and potassium solubilization, and salt
tolerance. Isolates A and B showed significantly higher siderophore
synthesis, phosphate solubilization, and [AA synthesis. Three isolates
synthesized exopolysaccharides, two solubilized zinc, and three solubilized
potassium. According to molecular identification using 16S rDNA
sequencing, these strains are Bacillus spp.

Published by Arab Society for Fungal Conservation

Introduction

provision of shelter for microbe survival, the promotion of

The importance of PGPR in agriculture has increased due
to rising food demand and improved environmental
quality (Dobbelaere et al. 2001, Abo Nouh et al. 2021,
Hajji-Hedfi et al. 2025). According to Anandaraj and
Dinesh et al. (2013), widespread PGPR strains are those
found in the genera Acinetobacter, Arthrobacter,
Alcaligenes,  Bacillus,  Azotobacter,  Beijerinckia,
Azospirillum, Enterobacter, Burkholderia,
Flavobacterium, Erwinia, Serratia, and Rhizobium. These
PGPRs are found in the rhizosphere, the most important
zone for microbial interaction, where plants interact with
a variety of microorganism communities for a range of
objectives, such as the utilization of nutrients, the

growth, the enhancement of yield, and the management of
disease (Bhattacharyya & Jha 2012).

PGPR benefits the plant directly or indirectly through
different processes such as competition for nutrients and
space, production of hydrolytic enzymes, pathogen
inhibition, and antibiosis by secreting certain enzymes or
toxins (Weyens et al. 2009). The synthesis of plant growth
hormones like auxins, the generation of siderophores, the
solubilization of minerals like phosphorus, and
improvements in soluble leaf protein content, leaf area,
and nutrient uptake, and chlorophyll are just a few of the
mechanisms by which PGPR increase plants' stress
tolerance (Egamberdieva et al. 2015).
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Turmeric, also known as haridra or varavarnini in
Sanskritis the rhizome of Curcuma longa L. (Family:
Zingiberaceae) that has been boiled, washed, dried, and
polished. At least 53 names exist for turmeric in Sanskrit
(Raed et al. 2022, Kant et al. 2014). With a short stem and
tufted leaf, the plant is an herbaceous perennial that grows
to a height of 60-90 cm. Leaf-sheaths constitute the
pseudo stem, and there are roughly seven to twelve leaves.
Measuring 30—40 cm in length and 8—12 c¢m in width, the
lamina has a pale green bottom and a green top. The centre
spike, measuring 10—15 cm, is the inflorescence. The root
system of turmeric contains a wide range of secondary
metabolites synthesized by plant itself, the most frequent
of derivative i.e. curcuminoids, which are phenolic in
nature (Kumar et al. 2014). That property gives importance
to turmeric as high medicinal value plant.

The rhizome of turmeric is associated with numerous
Gram-positive and Gram-negative PGPR, according to
several previous reports. Through various processes,
including quorum sensing, nitrogen fixation, phosphate
solubilization, and so on, they colonize plant rhizospheres
and promote plant growth (Bhattacharyya & Jha 2012,
Andrews & Harris 2000). Kumar et al. (2016) conducted
extensive research and identified prominent PGPR groups
connected to the turmeric rhizosphere. Researchers are
keenly interested in the fate of these relationships, their
uses in plant growth, and the therapeutic value of plants
like turmeric. The turmeric rhizome had been infused with
various bacterial strains to control growth and metabolite
synthesis.

The objective of this study is to isolate, describe, and
identify strong strains of plant growth-promoting
rhizobacteria (PGPR). from the root associated soil of the
turmeric crop.

Materials and Methods

Isolation of PGPR

In order to isolate PGPR, 21 soil samples were
collected from different locations in the Baghdad city/
Iraq. The samples were afterwards carried to the lab in
sterile plastic containers. The baffled flasks containing
250 ml of autoclaved nutrient broth were filled with one
gram of each sample, which was then kept at 120 rpm for
the whole day at room temperature on rotary shaker. After
that serial dilution was performed using micropipette in
which 100pul sample from respective flask was distributed
on sterile nutrient agar plates.

To get pure culture, colonies with different
morphologies were selected and streaked over the same
media after a 24-hour incubation period at room
temperature. All of the pure bacterial isolates were kept at
4°C. Out of the 50 isolates, six were chosen on the basis
of performing favorable in initial screening of the
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important PGPR characteristics, like siderophore
synthesis, IAA synthesis, and phosphate solubilization.
These characteristics were measured and compared to
determine which took place as the best prospect in regard
to further investigations. The process of phenotypic
characterization involved examining as well as the
biochemical characteristics of the isolates by the
application of conventional methods following Bergey's
Manual of Determinative Bacteriology (Ahmad et al.
2008). Analysis of the 16s rRNA gene sequence was used
for further identification.

Genotypic identification of PGPR

Effective PGPR's genetic DNA was extracted via the
traditional phenol/chloroform extraction technique and the
16S rRNA gene was amplified using universal primers 16
F27 [5-CCAGAGTTTGATCMTGGCTCA G-3'7 and
16R1492 [5-TACGGYTACCTTGTTACGACTT-3"]
(Muslim 2018, Lazaro-Silva et al. 2015). The amplified
16S rRNA gene PCR products were purified using absolute
ethanol precipitation and then sequenced sequentially on an
Applied Biosystems Sanger Sequencing 3500 Series
Genetic Analyzer according to the manufacturer’s
instructions. Assembling was conducted with the laser gene
software, and recognition was executed through the Ez Bio
Cloud database (Yoon et al. 2017). The resultant sequences
were analyzed using the Nucleotide Basic Local Alignment
Search Tool (BLAST) to identify the optimal match with
sequences available at the NCBI BLAST service
(www.ncbi.nlm.nih.gov/BLAST).

Screening for plant growth-promoting attributes
Pphosphate solubilization

The bacterial strains that were identified were
inoculated into Pikovskaya's agar plates to evaluate its
phosphate solubilization capacity (Pikovskaya 1948). After
the incubation, the transparent zone around the growth
suggested that inorganic phosphate had been solubilized.
Bacteria growing in Pikovskaya's broth were quantified, with
a sterile uninoculated medium serving as a control. After 48
hours, the culture was extracted by centrifuging it for 15
minutes at 6000 rpm. and the concentration of phosphate that
is soluble in the supernatant was quantified using the
KH2PO4 standard curve was used to calculate the amount of
soluble phosphate (Fiske & Subbarow 1925).

Production of indole-3-acetic acid

The measurement of IAA production by cultivating
the PGPR at 28+1°C and constant shaking in a broth
containing mineral salts, mannitol, and yeast extract that
was supplemented with different amounts of tryptophan.
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Moreover, after centrifuging 5 cc of the cultures for
15 minutes at 10,000 rpm and 4+1°C for 48 hours, the
supernatant was taken out (Bric et al. 1991). The
supernatant (2 ml) was mixed with two drops of
orthophosphoric acid and 4 ml of Salkowski reagent (50
ml, 35% of perchloric acid, 1 ml 0.5 M FeCI3 solution).
It is the appearance of the cherry red color that indicates
IAA manufacturing. Using a UV—Vis spectrophotometer,
0.D at 540 nm was evaluated. The concentration of [AA
(50-300 pg/ml) was determined using a standard curve of
IAA.

Ammonia production

A newly cultivated PGPR culture was injected into
30 ml of peptone water. After that, the mixture was kpt in
an incubator at 30°C for 48 hours. Following the copletion
of bacterial growth Nessler’s reagent (0.3 ml) was added
to every flask. The appearance of a color that shifts from
yellow to brown indicates that the test for ammonia
generation is successful (Cappuccino & Sherman 2013).

Siderophore production

Chrome azurol S (CAS) agar was used to test the
siderophore synthesis of the isolates (Louden et al. 2011).
After being inoculated onto chrome azurol S agar plates,
all isolates were cultured at 30°C for 48—72 hours. After
the incubation time, the colony was surrounded by a
yellow to orange halo zone, it was regarded as sign of
siderophore synthesis.

Hydrogen cyanide production

The isolates' ability to produce cyanide was
investigated using King's B medium (King & Weinhold,
1995). Each isolated bacterium was put on King's B agar
plates that had been treated with 1% glycine. The Petri
plates underwent parafilm coating and were followed by
a piece of filter paper saturated with a few drops of 10%
NaCO3 and soaked in 1% picric acid. before being
incubated at 30°C (Lorck 1948). Controls plates were
made devoid of inoculation. The color change of a filter
paper from yellow to brown was thought to facilitate the
production of HCN. The color of filter paper changes
from yellow to brown.

Exopolysaccharide production

According to Nicolaus et al. (1999), the isolate's
production of exopolysaccharides was evaluated
qualitatively. Bacterial strains were cultivated in 250 mL
Erlenmeyer flasks at 30°C for 48 hrs under shaking
conditions in 100 ml medium supplemented with 1g of
yeast extract, 0.75g casamino acids, 0.3g trisodium
citrate, 0.2g KCl, 2 g MgS04.7H20, 0.036 mg
MnCI2.4H20, 5 g FeSO4.7H20 (120 rpm). The
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supernatant was extracted by centrifuging for 15 minutes
at 4°C at 8000 rpm. The development of a precipitate was
deemed positive for the synthesis of exopolysaccharides
after adding cold 100% ethanol dropwise under agitation.

Potassium solubilization

A modified Alexandrov's medium containing
(Glucose- 5 g; Magnesium sulfate- 0.5 g; Ferric chloride-
0.005 g; Calcium carbonate- 0.1 g; Tri- calcium
phosphate- 2 g; Potassium aluminosilicate- 2 g; agar 15-
20 g; Double distilled water- 1000 ml) was used to
inoculate isolates that were capable of solubilizing
potassium. The test organisms were seeded on the media
then incubated at 28°C for 48—72 hours. The colony's
color variation and the diameter of the zone around it were
both measured (Mahadevamurthy et al. 2016).

Zinc solubilization

The isolates were spot inoculated on an agar medium
having 0.1% insoluble zinc compounds, such as ZnO.
This media containing plates with test microorganisms
were incubated for 48 hours at 30°C. Additionally, the
widths of the clearing zones surrounding the colonies
were evaluated (Shakeel et al. 2015).

Salt tolerance

The isolated bacteria that stimulate the growth of
plants were utilized to evaluate their inherent ability to
resist salt stress. To achieve this objective, the isolates
were cultivated in flasks with nutritional broth enriched
with varying quantities of NaCl (1-7%). For 48 hours, the
flasks were incubated at 30°C. hours, following which
growth in NaCl-supplemented media was noted (Bhise &
Dandge 2019).

Biocontrol of pathogens against fusarium oxysporum

Several rhizosphere bacteria have the ability to act as
biological insecticides that are boosting plant fitness and
yield while defending plants from disease. Multiple strain
mixes of PGPR have been successfully used in many
crops to increase and maintain the level of biological
control, particularly when individual strains are unable to
offer sufficient pathogen suppression.

Through a variety of strategies, such as resource
competition and the synthesis of antimicrobial chemicals,
PGPR protect plants from variety of diseases. By
inhibiting natural plant diseases, these rhizosphere
bacteria significantly enhance plant health. PGPR releases
antimicrobial  substances such as  antibiotics,
siderophores, and enzymes that break down pathogen cell
walls, which is one of the main ways it provides
protection (Lobhi et al. 2022). For example, PGPR, such
as Bacillus and Pseudomonas species, create siderophores
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and antibiotics that prevent the growth of harmful
pathogens, thereby lowering the incidence of disease in
plants (Singh et al. 1998). Fusarium wilt disease is
common disease caused by Fusarium Spp. in this current
research PGPR mixture extract is screened for antifungal
activity against Fusarium oxysporum in lab study
(Gowtham et al. 2016). For this agar well diffusion
methos is used in this conidial growth of Fusarium
oxysporum is taken aseptically in saline and grown on
Potato Dextrose Agar and then 25 to 100 pl of crude
extract was added in wells and plates was keep at room
temperature for 3 to 4 days (Fisher et al. 1983). After
incubation plates were checked for zone of inhibition and
results noted down.

Statistical analysis

The findings were analyzed using the analysis of
variance (ANOVA) with Tukey's comparison test (p <
0.05). The data are provided as means + SD (standard
deviation) for three replicates.

Results and Discussion

Isolation of PGPR

Using the culture-dependent standard plate approach,
PGPR strains were isolated. from soil adhering to
turmeric rhizomes. The 50 rhizobacterial isolates were
selected based on their different colony morphologies and
biochemical analysis. Among the 50 isolates, the two
PGPR (A and B) isolates with the highest plant growth
promotion activity were selected for physiological and
biochemical research.

Identification of isolates

The most efficient plant growth-promoting
rhizobacterial isolates were Bacillus spp. and E. coli.
Table (1) summarizes the biochemical profile of the
isolates. Bacillus spp. was chosen because of its very valid
PGPR properties, whereas E. coli, even though it is not a
typically known representative of PGPR, had surprisingly
potent characteristics, including phosphate solubilization
and TAA production. It was included on the basis of
empirically observed performance, not traditional
classification, and safety considerations were at least
considered and countered by identification at a strained
level. The sequencing of 16S rRNA study revealed the
isolates as Bacillus species and E. coli. The blast results
indicated getting new strains which they recorded under
accession numbers PX574988 for Bacillus spp. and
Px574989 for E. coli respectively.

Table 1 Biochemical characters of A) Bacillus spp. B) E.
coli
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Biochemical activity Bacillus spp E. coli

+
+

Glucose utilization
citrate utilization
catalase

Gelatin hydrolysis
Oxidase

starch utilization
Sucrose utilization
Fructose utilization
Maltose utilization
Raffinose utilization
Nitrate reduction + +

Salt tolerance 7% 5%
Gram nature Gram positive Gram negative

o+ttt

+

+present, - absent

Phosphate solubilization

Phosphate solubilization was tested on all isolates. In
Pikovskaya's agar plates, six isolates displayed a distinct
zone, but the diameter of the zone was significant in figure
1 A and B isolates. In a broth culture medium, Quantitative
phosphate solubilization was carried out for 48 hrs. After 48
hours of incubation, A and B had the highest phosphate
solubilization of 80.20 £0.01 and 85.25 £0.02 pg/ml. Data
are shown as mean + SD of three replicates. The second
most significant macronutrient after nitrogen (N),
phosphorus (P) is crucial for the growth and production of
plants. Even in soil that is rich in phosphorus, most of the P
is inaccessible to plants because of insoluble forms of the
mineral.

Potassium solubilization

Zinc solubilization

Fig 1. Solubilization of phosphate on Pikovskaya’s agar
after 48 hrs, Solubilization of potassium and
Solubilization of zinc where A) Bacillus spp. B) E.
coli
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It has been discovered that the endosymbiotic
Rhizobium  strains,  Bacillus,  Enterobacter, and
Pseudomonas are extremely effective P-solubilizers in the
soil microbial flora (Meena et al. 2015). Bacillus spp. and
E. coli our two PGPR strains, were shown to have different

Microbial Biosystems 10(4)-2025

P-solubilization zones in the current investigation. Figure 1
illustrates the clear solubilization zones for phosphate,
potassium, and zinc, with isolate B showing the widest zone
for zinc. Table 2 summarizes the quantitative data
supporting these observations.

Table 2 Solubilization of phosphate, IAA production, exopolysaccharide synthesis, solubilization of potassium and zinc
by A) Bacillus spp. B) E. coli after 48hrs. Data are presented as mean + standard deviation from three

replicates.
Organism name Solubilization TAA Exopolysa- Solubilization Solubilization
of phosphate Production ccharide of potassium of zinc
pg/ml in pg/ml production
A 80.20 +0.02 92.34 +0.2 + + +
B 85.25 +0.01 100.5 £0.02 + + +
C 30.35 +0.01 18.45 +£0.02 + - -
D 27.30 £0.03 43.45 £0.01 - - -
E 29.90 £0.01 66.55 +£0.03 - - -
F 35.67 £0.02 48.45 £0.02 - + -

+ present, - absent.

IAA production

Rhizobacterial strains were examined for [AA
quantification in tryptophan levels of 25, 50, 150, 200 and
250 pg/ml concentrations. The colorimetric investigations
revealed that distinctive Rhizobia isolates differed
substantially in their ability to produce IAA in the broth;
isolates A and B produced the most IAA (Table 2, Figure

Phosphate solubilization

2). In our study isolate A and B produced 92.34 and 100.5
pg/ml respectively. According to Kumari et al. (2018), [AA
production has a positive effect on root system growth and
elongation, which facilitates the absorption of water and
essential nutrients. Our investigation's findings are
consistent with previous research that demonstrate how
PGPR synthesizes [AA.

Phosphate and IAA production
120

100

85.25

80

concentration ug/ml
o
3

40

PGPR isolate

u Phosphate B IAA

Quantitative Phosphate solubilization and
TA A production

Fig 2. Quantitative estimation of IAA production and phosphate solubilization where A) Bacillus spp. B) E. coli.
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Siderophore, ammonia, hydrogen cyanide production

Out of six isolates, 4 can produce ammonia and
hydrogen cyanide where A and B can synthesize
siderophores on CAS agar medium, as illustrated in figure
3.A. According to Devi et al. (2022).

Microbial Biosystems 10(4)-2025

PGPR has the capacity to produce NH3, siderophores,
hydrogen cyanide, and fixation of N2. In an additional
study, isolated microbes from the root associated soil of the
C. longa plant were capable of producing ammonia,
siderophores as well as HCN (Jagtap et al. 2023).

Fusarium

oxysporumnm

Siderophore synthesis

Ammonia production

~ Zone of inhibition

Fig.3. A. HCN production, siderophore production and ammonia production by PGPR isolates where A) Bacillus spp.
B) E. coli B. Zone of inhibition of PGPR mixture against Fusarium oxysporum.

Exopolysaccharide Production

After 72 hours, isolates were able to produce
exopolysaccharides in the minimal medium. A and B were
two of the six isolates that produced exopolysaccharides.
Data represents in (Table 2). Exopolysaccharides generated
by this PGPR have been proven to impact plant growth and
drought tolerance significantly. Exopolysaccharides have
crucial roles in desiccation resistance, microbial
aggregation, interactions between plants and microbes,
surface adhesion, and bioremediation (Chauhan et al.
2021). In the current study, both PGPR isolates can
synthesize exopolysaccharides.
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Potassium and Zinc solubilization

Potassium solubilizing capacity was found in A and B
isolates. The color of the pH indicator changes as potassium
was solubilized, and the resulting solubilization zone was
recorded. After 72 hours of incubation at 28+2°C, a range
of diameter zone 18 mm to 20 mm was noted. The zinc
solubilizing isolates were examined for effectiveness on
TRIS minimal medium enriched with zinc source ZnO. The
maximal solubilization zone of A and B was 15 mm and 22
mm. As a result, both isolates were capable of solubilizing
potassium and zinc. Data presented in figure 1 and table 2.
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According to Singh et al. (1998), increasing potassium
application rates had a favorable and significant influence
on fresh rhizome output. Burkholderia, Bacillus spp.,
Enterobacter spp., Paenibacillus mucilaginosus, and other
rhizospheric bacteria have been described as K-solubilizers
and have a high capacity for mobilizing and solubilizing K
from minerals.

Our results concur with the earlier studies that Bacillus
spp. demonstrated high PGPR abilities. Remarkably, the
growth of E. coli can be related to the works by Shakeel et
al. (2015) who showed that zinc translocation and growth
promotion occurs in rice varieties. This can be used to shed
some light on the potentials of these isolates as compared to
what is expected.

Salt tolerance

In the presence of NaCl, six out of twenty bacteria
showed a 3 percent salt tolerance capacity. A, on the other
hand, could withstand up to a 7% salt concentration,
whereas B could tolerate up to a 5% salt concentration.
The salinity of is a critical abiotic element that influences
crop growth and production. Saltiness ranks as one of the
most serious external factors affecting agricultural growth
and output. Under salty conditions, PPGPR enhances the
germination rate of plants, improves drought resilience,
and promotes root and shoot development found that
PGPR, such as Bacillus species and Pseudomonas
species., protected plants exposed to salt (Khan et al.
2019). Recent studies have shown that certain bacterial
strains have very promising potential for use in
therapeutics, especially as vectors for gene therapy. This
reflects an increased understanding of microbial
interactions with complex biological systems. Microbial
enzymes also play a crucial role in regulating lipid
metabolism, and new applications are emerging in
understanding ~ metabolism-related  diseases  and
developing targeted treatment protocols (Musa et al.
2024, Mohammed et al. 2024).

Biocontrol of pathogens against fusarium oxysporum
After incubation plates were checked for zone of
inhibition and results noted down, current experiment
shows good antifungal i.e 27 mm zine od inhibition at 100
pl crude concentration that gives idea about PGPR used
against the Fusarium wilt disease as it appears in figure 3.B.

Conclusion

According to this study, bacteria Bacillus spp. and E. coli
have a variety of characteristics that aid in the growth of
plants, such as the solubility of phosphate, zinc, and
potassium, the production of auxin, HCN, and ammonia,
the synthesis of siderophores, and a high tolerance to salt.
The PGPR is an affordable option for sustainable

248

Microbial Biosystems 10(4)-2025

agriculture and is attractive as biopesticides and fertilizers.
Plant growth and performance are enhanced by PGPR,
which also shields plants against phytopathogens. For plant
production and disease control, chemical fertilizers and
pesticides are usually practical and efficient; nonetheless,
they are hazardous to the environment, soil, plants, and
human health. Consequently, plant development can be
enhanced by utilizing these isolates as an inoculant. In
conclusion, this PGPR might eventually be applied as a
biofertilizer as well as a candidate for biocontrol agent
against some Fusarium spp. Although in the laboratory
there are encouraging results, in the field, the application of
these isolates might not be successful due to environmental
conditions, microbial competition and regulation. This
should be followed by field and safety trials to confirm
efficacy and to verify safety.
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