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Assessment of PGP traits of
Bacillus cereus NDRMN001 and
its influence on Cajanus cajan
(L.) Millsp. phytoremediation
potential on metal-polluted soil
under controlled conditions

Mathiyazhagan Narayanan1, Arivalagan Pugazhendhi2

and Ying Ma3*

1Division of Research and Innovations, Department of Biotechnology, Saveetha School of
Engineering, Saveetha Institute of Medical and Technical Science, Tamil Nadu, India,
2School of Engineering, Lebanese American University, Byblos, Lebanon, 3College of
Resources and Environment, Southwest University, Chongqing, China
The current study looked at the plant growth-promoting (PGP) traits of the pre-

isolated and metal-tolerant Bacillus cereus NDRMN001 as well as their

stimulatory effect on the physiology, biomolecule content, and

phytoremediation potential of Cajanus cajan (L.) Millsp. on metal-polluted

soil. The bauxite mine, which is surrounded by farmland (1 km away), has

been severely polluted by metals such as Cd (31.24 ± 1.68), Zn (769.57 ± 3.46),

Pb (326.85 ± 3.43), Mn (2519.6 ± 5.71), and Cr (302.34 ± 1.62 mg kg−1) that

exceeded Indian standards. The metal-tolerant B. cereus NDRMN001 had

excellent PGP activities such as synthesis of hydrogen cyanide (HCN),

siderophore, indole acetic acid (IAA), N2 fixation, and P solubilization.

Furthermore, the optimal growth conditions (temperature of 30°C, pH 6.5,

6% glucose, 9% tryptophan, and 1.5% tricalcium phosphate) for effective

synthesis and expression of PGP traits in B. cereus NDRMN001 were

determined. Such metal-tolerant B. cereus NDRMN001 traits can significantly

reduce metals in polluted soil, and their PGP traits significantly improve plant

growth in polluted soil. Hence, this strain (B. cereus NDRMN001) significantly

improved the growth and phytoremediation potential of C. cajan (L.) Millsp on

metal-polluted soil without [study I: 2 kg of sieved and autoclaved metal-

polluted soil seeded with bacterium-free C. cajan (L.) Millsp. seeds] and with

[study II: 2 kg of sieved and autoclaved metal-polluted soil seeded with B.

cereus NDRMN001-coated C. cajan (L.) Millsp. seeds] B. cereus NDRMN001

amalgamation. Fertile soil was used as control. The physiological parameters,

biomolecule contents, and the phytoremediation (Cr: 7.74, Cd: 12.15, Zn: 16.72,

Pb: 11.47, and Mn: 14.52 mg g−1) potential of C. cajan (L.) Millsp. were
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significantly effective in study II due to the metal-solubilizing and PGP traits of

B. cereus NDRMN001. These results conclude that the test bacteria B. cereus

NDRMN001 considerably improved the phytoremediation competence of

C. cajan (L.) Millsp. on metal-polluted soil in a greenhouse study.
KEYWORDS

metal contamination, metal tolerant bacteria, PGP characteristics, C. cajan (L.) Millsp.,
greenhouse study
Introduction

Soil is an important factor in many ecological processes, and

majority of the creatures that live on Earth rely on it for the

successful completion of their lives (Kang et al., 2018).

Unfortunately, industrial revolution and modern agricultural

practices have caused widespread soil pollution over the last few

decades (Khan et al., 2017). Open cast mining, metalliferous

industries, dyeing industries, and the frequent application of

synthetic pesticides and fertilizers are major sources of soil

pollution (Minari et al., 2020). Surface mining industries, for

example, cause massive heavy metal pollution by dumping

unprocessed waste mine tailings as a heap (Minari et al., 2020).

Erosional events have dispersed the metal components from heap to

the surrounding land and water reservoirs. Residents near mining

sites continue to farm despite being unaware of metal pollution,

whichmay increase the risk of toxic metals spreading to living beings

through the utilization of plant-based foods originating from heavy

metal-contaminated sites (Anning and Akoto, 2018). Some plants’

root systems can absorb a certain amount of metals from the soil and

transfer them to their above-ground parts (Pinto et al., 2018). The

most common chemical and physical treatments are not suitable for

large-scale metal removal, and they may cause secondary pollution

on soil; additionally, such methodologies are not really economically

feasible (Allamin et al., 2020). Another popular technique is

microbial bioremediation using several numbers of bacteria

(Bacillus sp., Pseudomonas sp., T. ferrooxidans, Actinobacteria sp.,

Staphylococcus sp., etc.) and fungi (Aspergillus sp., Penicillium sp.,

Mucor sp., and so on) (Kumar et al., 2019) for metal remediation.

Nevertheless, the majority of the processes are really only

appropriate for small-scale treatment. Therefore, the

phytoremediation technique is the better option for large-scale

methods of soil reclamation with an eco-friendly solution, though

it has some disadvantages when applied to metal-polluted soil

(Gavrilescu, 2022). Only a few plant species have been identified

as metal-tolerant and capable of metal remediation (Alshaal et al.,

2015). Thus, individual plant-based phytoremediation andmicrobial

remediation approaches have become less effective in metal-polluted

soil because the massive heavy metal contents reduce the seed
02
germination percentages and are toxic to the plants by first

interfering with the biosynthetic pathways of chlorophyll pigments

in plants (Rai et al., 2021). It causes decreased photosynthesis, which

results in poor plant growth and biomass yield. The integrated

approach to remediate metal-contaminated site remediation was

also efficient (Hussain et al., 2019). The plant–microbe interactions

play the most important role in the reclamation process. Because

metal-tolerant microbes can convert toxic metals to non-toxic ones,

the plant could easily absorb metals with the aid of metal-susceptible

bacteria (Rane et al., 2022). Furthermore, rhizobacteria with plant

growth-promoting (PGP) characteristics together with metal

resistance could be a promising candidate for improving growth

and phytoremediation competence in metal-polluted soil (Allamin

et al., 2020). Cajanus cajan (L.) Millsp. has previously been identified

as an effective phytoremediation agent in metal-enriched mine

tailings (Mathiyazhagan and Natarajan, 2013). Furthermore, the

pre-identified Bacillus cereus NDRMN001 was shown to be an

excellent metal-tolerant and degradation bacterium (as it was

isolated from the metal-polluted site) on metal-polluted soil (Ma

et al., 2013). Hence, this research was framed to evaluate the PGP

characteristics of B. cereus NDRMN001, and its optimistic influence

on physiological parameters, biomolecule contents, and the

phytoremediation efficiency of C. cajan (L.) Millsp. grown on

metal-contaminated soil under greenhouse conditions was

also investigated.
Materials and methods

Soil sample collection and handling

About 200 kg of stones and dust-free soil sample (sieving by

sand filter: mesh size 140–200 and soil particle size was

approximately 0.66 to 0.78 mm) was collected in ethanol-wiped

sack from the agricultural land located 1 km away (11.815399,

78.222725) from the bauxite mine (11.816581, 78.221271) of

Yercaud, Salem district, Tamilnadu, India (Figure 1). About 10

soil samples were collected at a depth of 10 cm from nearby mining

areas and combined into one sample. The collected sample was
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immediately transferred to the laboratory for additional processes

such as physicochemical property analysis, and the sample was

prepared for the phytoremediation experiment under semi-

controlled conditions. The fertile soil from the Sri Ram nursery

garden, Salem, Tamil Nadu, India was utilized in this investigation

as the control soil. Moreover, for agricultural operations, the sample

collection site was initiated (Figure 1).
Soil characterization

The physicochemical properties of the soil are the most

important factor determining the growth and yield of plant

biomass. Parameters such as pH, electric conductivity (EC;

dSm−1), and N, P, K, Cd, Pb, Mn, Zn, Cr, Fe, and M contents

of the test and fertile soil (control) samples were analyzed using

Narayanan et al.’s protocol with slight modifications (Narayanan

et al., 2020a). Concisely, the pH and EC of soil samples were

determined using pH and conductivity meters, respectively. The

essential and metal element contents of 100 mg of soil samples

were investigated using the acid digestion method (digested with

a 1:3 ratio of Conc. HNO3 and HCl) pre- and post-treatment.

Whatman No. 0.5 filter paper was used to separate the elemental

extracts. The extracted metals of each sample were examined

through inductively coupled plasma–optical emission

spectrometry (ICP-OES, Perkin-Elmer, USA).
Frontiers in Plant Science 03
Brief profile of test bacterium

The pre-identified metal-tolerant B. cereus NDRMN001

(Narayanan et al., 2020b) was used in this study. It was

isolated from an adjacent bauxite mine tailings site; it is a

Gram-positive, aerobic-to-facultative, spore-forming rod; and

it also possesses impressive tolerance against various metals (Cr,

Pb, Zn, Mn, and Cd), up to 700 mg L−1 concentration of metals

and their degradation potential as demonstrated by a lab-scale

bioremediation investigation. This bacterial isolate was used in

this research to evaluate their PGP characteristics, as well as their

assistance in plant growth and the phytoremediation potential of

the selected plant species C. cajan (L.) Millsp.
Qualitative determination of PGP traits of
B. cereus NDRMN001

Ammonia (NH3), hydrogen cyanide (HCN),
siderophore, nitrogen (N2) fixing efficiency
determination, phosphate-solubilizing, and
indole acetic acid-producing potential analyses

The ammonia (NH3)-producing potential of B. cereus

NDRMN001 was investigated using the Prakash et al.

methodology with minor modifications (Prakash et al., 2019).

In brief, a log phase culture of B. cereus NDRMN001
FIGURE 1

Satellite and straight view of study area. Red circle indicates heaps of abandoned bauxite mine tailing.
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(absorbance = 1.1 ± 0.021) was inoculated onto 6 ml of sterilized

peptone broth and incubated at 30° for 3 days. Approximately

0.5 ml of Nessler’s reagent was added to the culture-grown tubes

and the color changes observed from brown to yellow were

deemed positive. The standard method was used to assess B.

cereus NDRMN001 ability to produce HCN. A loop full of log

phase B. cereus NDRMN001 was streaked on an LB agar plate

nourished with glycine (4.4 g L−1). A layer of Whatman No. 1

filter paper moistened with 0.5% picric acid (enriched with 2% of

Na2CO3) was placed on top of the culture-grown medium.

Furthermore, the plates were wrapped in parafilm and

cultured at 30°C for 4 days, before the color changes from

light orange into light red were noted and considered positive for

HCN production by the test isolate. The siderophore synthesis

efficacy of B. cereus NDRMN001 was investigated using the

methodology of Bruno et al. (2020) with minor modifications. B.

cereusNDRMN001 was inoculated on the Chrome Azurol S agar

(selective media) and cultured at 30° for 76 h. The appearance of

a yellow to orange glow around the ridges of colonies was

interpreted as a sign of siderophore secretion. Furthermore,

the N2 fixing ability of B. cereus NDRMN001 was investigated

on Ashby medium using the Checcucci et al. protocol with some

modifications (Checcucci et al., 2017). Concisely, the medium

was made with glucose (2.5 g), mannitol (2.5 g), calcium

carbonate (5 g), sodium molybdate dihydrate (0.001 g),

calcium chloride dihydrate (0.1 g), magnesium sulfate

heptahydrate (0.1 g), potassium dihydrogen phosphate (0.1 g),

ferrous sulfate heptahydrate (0.01 g), dipotassium hydrogen

phosphate (0.9 g), and agar-agar (16 g L−1) in sterilized

double-distilled water. About 0.1 ml of pure B. cereus

NDRMN001 (absorbance = 1.1 ± 0.021) was inoculated by the

spread plate method on the sterilized Ashby medium-containing

plate. The inoculated plates were incubated at 30° for 72 h. After

incubation, the colonies with brown to black pigment were

considered positive for nitrogen fixation.

Similarly, the phosphate-solubilizing and IAA-producing

potential of test isolate were determined as follows. In brief,

100 μl of B. cereus NDRMN001 was inoculated on the sterilized

Pikovskaya’s agar (PKA) medium (pH 7.1 ± 0.3) via the pour

plate method and cultured at 30° for 48 h (Nayak et al., 2019).

After incubation, well-grown cultures (colonies) with halo zones

were deemed positive for phosphate solubilization. The IAA-

producing potential of B. cereus NDRMN001 was analyzed by

inoculating 100 μl of culture on LB broth supplemented with 1%

tryptophan and incubation at 30° for 72 h. After incubation, the

culture was spun at 10,000 g for 8 min, and then about 2 ml of

ready-made Salkowski solution was mixed to 1 ml of pellet-free

supernatant and later three drops of H3PO4 (orthophosphoric

acid) was added, and then kept under dark conditions for 2 h.

Later, the absorbance of this mixture was measured at 530 nm

using commercial tryptophan as the standard and the result

was recorded.
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Quantitative analysis of PGP traits of
B. cereus NDRMN001
HCN, siderophore, nitrogen fixation, IAA
secretion, and P solubilization quantitative
analyses

About 2 ml of B. cereus NDRMN001 (absorbance = 1.1 ±

0.021) was inoculated into 100 ml of King’s B broth medium

enriched with 4.4 g L−1 of glycine. A 10 × 0.4-cm filter paper

strip was drenched in alkaline picrate solution and retained hung

from the flask’s neck before being sealed with parafilm.

Furthermore, these flasks were kept at 30°C in a shaker

incubator at 150 rpm for 4 days. Following incubation, the

color of the sodium picrate filter paper was changed to reddish

corresponding to the amount of HCN produced. The color was

extracted from the filter paper by placing it in a flask with 10 ml

of distilled water. The absorption of the color dissolved in the

dis t i l l ed water was measured at 625 nm using a

spectrophotometer, and the distilled water was used as a blank

(Ullah et al., 2015; Subrahmanyam et al., 2018) and compared

with the growth of the cell. The ability of B. cereus NDRMN001

to produce siderophores was evaluated using a standard CAS

liquid assay with minor modifications. After blending 500 μl of

the centrifuged culture supernatant with 500 μl of CAS assay, 10

ml of shuttle solution was added and the mixture was left

undisturbed for a few minutes. The siderophore development

was shown to decrease the blue color of the solution. The color

intensity was noted at 630 nm using a spectrophotometer and

was correlated with the cell’s growth. The following formula was

used to calculate the percentage of siderophore:

Percentage of  Siderophore Units

=
ðAbsorbance of reference − Absorbance of sampleÞ

Absorbance of reference
  x100

The nitrogen-fixing potential of B. cereus NDRMN001 was

investigated on nitrogen-free Jensen’s medium using the

protocol of Checcucci et al. (2017). About 1 ml (absorbance =

1.1 ± 0.021) of B. cereus NDRMN001 in the logarithmic phase

was added into 250 ml of Jensen’s broth medium (N2-free) in a

1-L glass flask. The inoculated flask was cultured at 32° for 14

days with a 60-ppm dosage of atmospheric N2 in a gas chamber.

The high T° catalytic oxidation (HTCO) method was used to

calculate the rate of nitrogen fixation in the medium by the 1st

and 14th day’s nitrogen content analysis. The total volume of

nitrogen fixed by B. cereus NDRMN001 was estimated by the

following formula:

Rate of  N fixation

=
ðAmt: N in cell after incubation− Amt: of N in cell at intial day incubationÞ

ðIncubation periodÞ X Mass of dry weight of cell
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The IAA secreting ability of B. cereus NDRMN001 was

investigated using the protocol established by Fahad et al. with

some minor modification (Fahad et al., 2015). In brief, 0.1 ml

of B. cereus NDRMN001 was poured into the LB broth

containing 3% tryptophan in a separate flask. Each flask was

incubated in an orbital shaker incubator for about 76 h with

120 rpm at 30°. Then, culture contained in each flask was spun

at 10,000 rpm for 10 min. About 1 ml of culture supernatant

(pellet free) was collected and 2 ml of ready-made Salkowski

solution was added and then three drops of H3PO4 was added

and then kept under dark conditions for 2 h. The optical

density (OD) of each reaction mixture was documented at 530

nm by comparison with various dosages (20–320 μg ml−1) of

standard IAA. The graph was plotted, and the quantity of IAA

synthesis at various dosages of tryptophan was measured and

correlated with cell growth. The P-solubilizing potential of B.

cereus NDRMN001 was analyzed as per the methodology of

Narayanan et al. with required changes (Narayanan et al.,

2020b). In brief, about 0.1 ml of B. cereus NDRMN001 was

added into 100 ml of freshly prepared Pikovskaya’s medium

supplemented with 0.5 g of tricalcium phosphate in individual

flasks and cultured for 2 weeks at 30° with 120 rpm in a shaker

incubator and a separate control was maintained. Later, these

were centrifuged at 8,000 rpm for about 10 min, and the

soluble P in the supernatant was studied using the Mo blue

technique. Moreover, soluble P absorption was compared to

cell growth.

Optimization of growth parameters
The optimum growth conditions for IAA production,

nitrogen fixation, HCN and siderophore production, and P

solubilization were studied for B. cereus NDRMN001 using the

one-factor-at-a-time mode (Narayanan et al., 2020b). About 100

μl of B. cereus NDRMN001 (absorbance = 1.1 ± 0.021) was

cultured in 250 ml of nitrogen-free LB broth supplemented with

various dosages of glucose (2%, 4%, 6%, 8%, and 10%),

tryptophan (3%, 6%, 9%, 12%, and 15%), and tricalcium

phosphate (0.5%, 1.0%, 1.5%, and 2%) at various pH values

(5.5, 6.5, 7.5, and 8.5), temperatures (25, 30, 35, and 40°), and

days of incubation (3, 6, 9, 12, and 15). Triplicates were

performed for each growth parameter to get accurate and

reproducible results. The aforementioned respective protocol

was followed for each parameter quantification analysis.

Production of IAA, HCN, and siderophore,
nitrogen fixation, and P solubilization under
optimized conditions

Based on the results attained from the optimization study,

the PGP traits (production of IAA, HCN, and siderophore, N2-

fixing potential, and P solubilization) of B. cereus NDRMN001

were studied at 30°, pH 6.5, 6% of glucose, 9% of tryptophan, and

1.5% of tricalcium phosphate (Narayanan et al., 2020b).
Frontiers in Plant Science 05
Concisely, 1 ml of phase B of the log phase B. cereus

NDRMN001 (absorbance =1.1 ± 0.021) was inoculated by

triplicate analysis into 250 ml of nitrogen-free LB broth

medium in a 500-ml flask modified with the above parameters.

Then, they were cultured for 12 days at 30°. The growth kinetics

of B. cereus NDRMN001 (600 nm) during incubation along

with IAA (530 nm) and soluble phosphate (660 nm) levels

were analyzed on a 2-day interval for up to 12 days using a UV

double beam spectrophotometer (Ma et al., 2015; Franchi

et al., 2017).

Phytoremediation potential of Cajanus cajan
(L.) Millsp. with and without the amalgamation
of B. cereus NDRMN001 on metal-
contaminated soil

According to the earlier description by Mathiyazhagan and

Natarajan (2013), C. cajan (L.) Millsp. was chosen for this study

to assess its metal reclamation potential on metal-polluted soil

with and without the amalgamation of multipotential B. cereus

NDRMN001. The experimental setup was designed according to

Narayanan et al. (2020b) under greenhouse conditions. Briefly,

the quality seeds of C. cajan (L.) Millsp. were procured. About

1:1 proportions of 30% H2O2 as well as ethanol (v/v) were used

to sterilize the seed surfaces for 5 min, and the seeds were then

rinsed twofold with sterile distilled water, then air dried, and

stored in sterilized polythene bags. The logarithmic stage B.

cereus NDRMN001 [106 colony-forming unit (CFU) ml−1] was

coated on the surface of the sterilized C. cajan (L.) Millsp. by

sinking the seeds in the bacterial culture for 20 min, and the

seeds were air dried in a sterile chamber. The bacterial coat-free

seeds were used as the control.

The experiment was carried out in nursery grade (80-

micron) polythene bags with dimensions of 125 + 100 * 225

nm (2.5 L volume). The experimental setup was framed as

follows: study I: 2 kg of sieved and autoclaved metal-polluted

soil seeded with bacterium-free C. cajan (L.) Millsp. seeds (15

No.); study II: 2 kg of sieved and autoclaved metal-polluted soil

seeded with B. cereus NDRMN001-coated C. cajan (L.) Millsp.

seeds (15 No.). Furthermore, 2 kg of sterilized fertile nursery

garden soil seeded with bacterium-free C. cajan (L.) Millsp. seeds

(15 No.) was used as the control. About 50 g of the autoclaved

metal-free goat manure was added to all the groups as the

primary fertilizer. Triplicates (excluding control) were

performed for all the studies. The plantation study was

conducted at 400–450 μmol m−2 s−1 of illumination, 75%

humidity, and 30°. The experiment was continued for up to 50

days and the sterilized and metal-free water was used based on

the requirements.

Physiological and biomolecule analyses
During the experimental study, the percentage of

germination, biometric properties, and parameters including
frontiersin.org
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shoot and root length, width of shoot, and wet and dry biomass

(at the end of the experiment) were studied according to Anning

and Akoto (2018). Furthermore, the quantity of total proteins,

total carbohydrates, and chlorophyll, and the carotenoid content

of C. cajan (L.) Millsp. from study I, II, and control were studied

individually (Nayak et al., 2019). All the parameters were

analyzed in triplicate. The SPSS software 16.0 version was used

for statistical analysis.

Metal analyses of post-treated C. cajan (L.)
Millsp. biomass

C. cajan (L.) Millsp. from study I, II, and control was

harvested at the final stage of the study. The harvested plants

were rinsed individually with distilled water to wash out the soil

and dust particles attached to the surfaces of roots and shoots.

Once again, the samples were splashed with 0.1 N HCl for 10 s

and subsequently washed with deionized water. The washed

plant materials were dehydrated using desiccators and powdered

using a pulverizer. The standard acid digestion technique was

followed to extract the metal contents present in the roots and

shoots of each sample individually. The metals present in the

extract were investigated through ICP-OES. The treated and

untreated soils were adopted for metal analysis to quantify the

volume of the metals reduced in the treated soil by the

aforementioned method.

Accession number detail of pre-identified B.
cereus NDRMN001

The nucleic acid sequence of pre-identified B. cereus

NDRMN001 was submitted to the public database (NCBI) and

the accession number for the isolate was obtained as JQ683657.1

(https://blast.ncbi.nlm.nih.gov/Blast.cgi).
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Results

Physicochemical nature of soil samples

The soil sample collection site is situated 1 km away

(downward) from the bauxite mine site. The physicochemical

properties of the collected soil sample showed the presence of an

enormous amount (mg kg−1) of certain heavy metals such as Mn

(2,519.6 ± 5.71), Cd (31.24 ± 1.68), Zn (769.57 ± 3.46), Pb (326.85 ±

3.43), and Cr (302.34 ± 1.62) above the permissible limits. The

physical factors such as pH (6.8 ± 0.23) and EC (0.4 ± 0.001 dSm−1)

and K (68.85 ± 3.61) fell within the permissible limits. The other

most significant elements, N (96.31 ± 3.28) and P (2.6 ± 0.54), were

below the required amount for a healthy plantation (Table 1).
Characterization of PGP traits of
B. cereus NDRMN001

PGP traits such as syntheses of NH3, HCN, siderophore, and

IAA; N fixing; and P solubilization competence of B. cereus

NDRMN001 were qualitatively and quantitatively analyzed. The

attained PGP trait qualitative study results stated that the B.

cereus NDRMN001 has reasonable PGP traits such as it had the

efficiency to produce siderophore, HCN, and IAA. Furthermore,

it had the potential to fix N and solubilize P.
Quantitative analysis of PGP traits

The results attained from the qualitative analysis study stated

that the B. cereus NDRMN001 had excellent PGP activities
TABLE 1 Physicochemical properties of test soil sample compared with control soil.

Soil parameters Test soil sample Control soil Permissible limit

pH 6.8 ± 0.23 7.5 ± 0.74 6–8

EC (dsm−1) 0.4 ± 0.001 1 ± 0.03 0.1–1

N mg kg−1 96.31 ± 3.28 153.54 ± 2.98 114–180

P 2.6 ± 0.54 8.2 ± 0.53 4.6–9

K 68.85 ± 3.61 98.64 ± 2.41 49–113

Mg 3,652.8 ± 8.43 8,124.8 ± 9.47 52,000

Mn 2,519.6 ± 5.71 864.31 ± 3.94 1,000

Cd 31.24 ± 1.68 5.02 ± 0.39 2–6

Zn 769.57 ± 3.46 462.37 ± 3.18 300–600

Fe 3,594.2 ± 8.61 6,412.8 ± 6.17 129,000

Pb 326.85 ± 3.43 161.35 ± 7.91 200

Cr 302.34 ± 1.62 94.6 ± 1.34 100
The mentioned values are mean and standard error ( ± SE) of triplicates.
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except for NH3 synthesis. The absorbance-based quantitative

analyses were performed to assess the PGPmolecules of B. cereus

NDRMN001 along with bacterial growth. The acquired results

stated the significant quantities of PGP molecules such as

siderophore (OD: 0.038 at 630 nm) and HCN (OD: 0.057 at

625 nm), N fixation (OD: 0.062), P solubilization (OD: 0.065 at

650 nm), and IAA production (OD: 0.068 at 530 nm) after 4 to

14 days of incubation (Figure 2).
Optimization of growth parameters for
PGP traits of B. cereus NDRMN001

The beneficial traits of bacteria would be produced under

optimized growth conditions such as physical (temperature, pH,

etc.) and chemical parameters (glucose, tryptophan, etc.). Thus,

when bacteria have survived under these appropriate

circumstances, their PGP activities would be expressed

excellently (Figures 3A–G).
Optimization of the concentration
of glucose

The optimized glucose concentration for B. cereus

NDRMN001 was studied with 2% to 10% of glucose. The

attained results stated that the PGP traits of B. cereus

NDRMN001 were effectively expressed at 6% glucose

(Figure 3A). At this concentration, the siderophore, HCN,

fixed N, soluble P, and IAA had ODs of 0.071, 0.045, 0.096,

0.068, and 0.034, respectively. The significant growth of B. cereus

NDRMN001 was recorded at 6% of glucose, and it corresponded

to the fine PGP trait activities of the bacterium. The acquired

data were statistically significant at p < 0.01 to p < 0.05 compared
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to the remaining concentrations of glucose. The higher and

lower concentrations of glucose might reduce the metabolic

activities of B. cereus NDRMN001. Hence, the 6% glucose-

enriched medium could have enhanced the PGP traits of B.

cereus NDRMN001.
Optimization of the concentration
of tryptophan

The IAA synthesizing potential of the test isolate was studied

with various concentrations (3% to 15%) of tryptophan since

tryptophan is highly important and determines the synthesis of

IAA in bacteria. Among the various concentrations of

tryptophan, the significant growth of B. cereus NDRMN001

was observed (OD: 0.124) at 9% tryptophan. Furthermore, with

this tremendous growth, PGP traits such as siderophore (OD:

0.062), HCN (OD: 0.051), fixed N (OD: 0.074), soluble P (OD:

0.062), and IAA (OD: 0.089) were statistically significant (at p <

0.001 to p < 0.05) (Figure 3B).
Optimization of the concentration of
tricalcium phosphate

The active PGP traits, especially P solubilization (OD: 0.11)

by B. cereus NDRMN001, occurred at a 1.5% concentration of

tricalcium phosphate. The bacterial growth (OD: 0.124) and

other PGP traits such as siderophore (OD: 0.042), HCN (OD:

0.062), fixed N (0.075), and IAA (OD: 0.049) were effective at

1.5% compared to the other concentrations (Figure 3C). These

were statistically significant at p < 0.01 to p < 0.05 compared to

the other concentrations. This might be related to the biomass

of bacteria.
FIGURE 2

Quantitative analyses of PGP traits of B. cereus NDRMN001.
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Suitable pH and temperature

pH as well as temperature are also the most important

factors to determine the metabolism, PGP traits, and growth

of bacteria (Minari et al., 2020). The suitable pH and

temperature for the expression of PGP traits of B. cereus

NDRMN001 were studied. The obtained results showed that

the excellent PGP traits (siderophore: OD 0.068 and 0.062,

HCN: OD 0.059 and 0.062, fixed N: OD 0.071 and 0.069, IAA:

OD 0.051 and 0.068, and soluble P: OD 0.085) were recorded at

pH 6.5 and 30°C (Figures 3D, E). These outcomes were

statistically significant at p < 0.01 to p < 0.05 compared to the

other pH values and temperatures.
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Suitable incubation time

Among the various growth parameters, the sufficient time

duration of incubation had been the most important one to

attain the maximum PGP potential of B. cereus NDRMN001.

Hence, the suitable incubation period for analyzing the PGP

traits of the test isolate was evaluated with various incubation

periods on 3-day intermittent analysis for 15 days of incubation

along with the growth of B. cereus NDRMN001. The results

stated that most of the PGP traits such as siderophore (OD:

0.071), fixed N (OD: 0.072), soluble P (OD: 0.063), and IAA

(OD: 0.075) were influential on the 12th day of incubation and

HCN (OD: 0.068) synthesis was effective on the 9th day of
B

C
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FIGURE 3

Optimization of growth parameters for PGP activities of B. cereus NDRMN001. The mentioned values are mean and standard error ( ± SE)
of triplicates. * Significantly differs (p < 0.05), ** significantly differs (p < 0.001) from others ns, Not significant. (A) Various percentage of glucose.
(B) Various percentage of tryptophan. (C) Various percentage of tricalcium phosphate. (D) Various pH. (E) Various temperature. (F) Days of
incubation. (G) PGP trait production under optimized conditions at different days of interval.
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incubation (Figure 3F). These outcomes were statistically

significant at p < 0.01 to p < 0.05 compared to the others.
PGP traits under optimized conditions

The extreme PGP traits of B. cereus NDRMN001 under the

optimized growth conditions (6% glucose, 9% tryptophan, 1.5%

tricalcium phosphate, pH 6.5, and temperature 30°) with 12 days

of incubation were studied. The obtained PHP traits under these

optimized conditions were as follows: siderophore: OD 0.076,

HCN: OD 0.071, fixed N: OD 0.085, IAA: OD 0.068, and soluble

P: OD 0.071 (Figure 3G). These outcomes were statistically

significant at p < 0.01 to p < 0.05 compared to others.
B. cereus NDRMN001 effects on C. cajan
(L.) Millsp.

The optimistic influence of this multi-potential B. cereus

NDRMN001 on physiological and biomolecule contents of C.

cajan (L.) Millsp. grown on metal-contaminated soil was studied
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under greenhouse (Figure 4) conditions with the various

experimental setups in triplicate.
Total chlorophylls and carotenoid
The C. cajan (L.) Millsp from experimental study II [C. cajan

(L.) Millsp. along with B. cereusNDRMN001] showed a reasonable

quantity of total chlorophyll (OD: 1.24) and carotenoids (OD: 0.36)

compared to C. cajan (L.) Millsp. (without B. cereus NDRMN001)

from study I (total chlorophyll: OD: −0.835 and carotenoid: OD:

−0.32) (Figure 5A). The amount of photosynthetic pigments of C.

cajan (L.) Millsp. from study II was comparable with the control

and statistically significant at p < 0.05 compared to study I. This

might have been because of the amalgamation of multi-potential B.

cereusNDRMN001withC. cajan (L.)Millsp. B. cereusNDRMN001

reduced the metal toxicity and provided the PGP components to

improve the plant growth by maintaining the active biosynthesis of

the photosynthetic pigments.
Proteins and carbohydrates
Significant amounts (mg g−1) of protein (27.18) and

carbohydrate (60.13) were noticed in C. cajan (L.) Millsp.
frontiersin.org
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FIGURE 4

C. cajan (L.) Millsp. grown under greenhouse experiment with different treatment groups and control. (A) 10th day; (B) 30th day; (C) 50th day.
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from study II compared to study I (protein 20.35 and

carbohydrate 48.12) and nearly similar to control (Figure 5B).

Furthermore, these values were significant at p < 0.05 compared

to study I. This was possible due to the presence of

multipotential B. cereus NDRMN001 in the rhizosphere region

of C. cajan (L.) Millsp. that reduced the metal toxicity impact on

the plant.
Physiological influence
C. cajan (L.) Millsp. amalgamated with B. cereus

NDRMN001 (study II) showed a significant influence on

germination (100%), root length (39.13 cm), shoot length

(6.23 cm), and width of the stem (1.1 cm) from metal-

contaminated soil (Figure 5C) and was identical to the

control crops grown on fertile soil. The bioinoculant free C.

cajan (L.) Millsp. from study I showed a reduced length of the

shoot (32.74 cm), root (5.85 cm), and width of the stem (1 cm),

and it might have been due to the metal stress. The percentage

of germination from study I and II was 100%, and it

might have been due to the effect of goat manure. The C.

cajan (L.) Millsp. from B. cereus NDRMN001 amalgamated

experimental study II showed improved wet (29.84 g) and dry

(14.57 g) biomass parallel to the control and greater than study

I (bioinoculant free) (wet biomass: 18.23 g and dry biomass

9.37 g) (Figure 5D), and these were significant at p < 0.05

compared to study I.
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Phytoremediation potential of C. cajan (L.)
Millsp. on metal-polluted soil with the
amalgamation of B. cereus NDRMN001

In the phytoremediation study, the C. cajan (L.) Millsp. from

experimental study II had effectively absorbed metals such as Cr

(43.17 mg g−1), Cd (16.18 mg g−1), Zn (47.31 mg g−1), Pb (32.23

mg g−1), and Mn (23.49 mg g−1) from the metal-polluted soil

compared to study I (Cr: 7.74, Cd: 12.15, Zn: 16.72, Pb: 11.47,

and Mn: 14.52 mg g−1) (Table 2). Furthermore, the plant growth

elements N (142.24), P (4.39), and K (71.28 mg kg−1) were

increased in study II-treated soil than in study I soil (N: 105.26,

P: 2.91, and K: 65.18 mg kg−1). The pH of study II soil also

showed significant changes (Table 3) compared to pre-treated

soil. This might be due to the fact that the root of the test plant

might synthesize and secrete a considerable volume of secondary

metabolites, which may alter the pH of the treated soil. The pre-

and post-treated soil samples were also studied, and it was noted

that certain amounts of metals had been reduced in the soil and

it was significantly interconnected with the amounts of metals

absorbed by C. cajan (L.) Millsp. The obtained values were

significant at p < 0.01 to p < 0.05 compared to others.
Discussion

Analysis of the physicochemical parameters revealed that the

mine surrounding sites have been severely polluted with heavy
B
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A

FIGURE 5

Physiological and biomolecule properties of C. cajan (L.) Millsp. along with and without the amalgamation of B. cereus NDRMN001. The
mentioned values are mean and standard error ( ± SE) of triplicates. * Significantly differs (p < 0.05), ** and *** significantly differs (p < 0.001 and
0.003) from others. (A, B) Biomolecule content of C. cajan (L.) Millsp. from both study I and II compared with control. (C) Size of root, shoot,
and stem of C. cajan (L.) Millsp. from both study I and II compared with control. (D) Wet and dry biomass of C. cajan (L.) Millsp. from both study
I and II compared with control.
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metals (Table 1). These findings revealed that the distribution of

metal pollution from the bauxite mine heaps was geographically

positioned in an elevated location relative to the sampled site

(Narayanan et al., 2020c) since it is likely to disperse metal

pollution heap to surrounding farm sites by weathering activities

(Nayak et al., 2019). The farmers are cultivating some crops and

simultaneously face less germination and low yield. Hence, the

farmers are applying more fertilizers to replace the shortage of

essential elements (N and P). This activity might enhance the

soil spoilage due to over-dumping of chemical fertilizers (Raza

et al., 2020). Moreover, the seedling, which is susceptible to

infection, lower yield, etc., could reduce these metal contents’

large volume (Hussain et al., 2019). Besides that, metal

pollutants can contaminate the food chain and pass through

the uptake of the foods obtained from metal-contaminated sites

(Kang et al., 2018). Any crops will extract a few percent of metals

in their tissues or people that consume parts of plants (leaf,

fruits, etc.) (Guo et al., 2020). This bacterial strain was previously

isolated from metal-enriched soil (Narayanan et al., 2020b).

Furthermore, the test strain had been reported to have an

outstanding metal tolerance, remediation, and solubilization

potential on mine soil (Kumar et al., 2019). This characteristic

feature of B. cereus NDRMN001 could be useful to minimize the

metal toxicity in plants and support the germination and growth

of plants on metal-polluted soil. The bacteria including

Alcaligenes sp., Aeromonas sp., Bacillus sp., and Pseudomonas

sp. have been reported as HCN producers (Kidd et al., 2017).

Another essential PGP trait is IAA production; the existence of

the IAA-producing bacterial isolate B. cereus NDRMN001 in the
Frontiers in Plant Science
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rhizosphere region of the plant could enhance the development

of roots along with number of root hairs, which facilitate the

growth of plants by easy nutrient uptake (Usmani et al., 2019).

The N-fixing as well as P-solubilizing potential of bacteria can

enhance the availability of the soluble forms of N and P for an

easy and comfortable nutrient-absorbing process in plants.

Moreover, it would enhance the metabolism process and

support plant protection mechanisms (Sharma and Archana,

2016). The siderophore is one of the most essential PGP traits to

chelate the iron elements for the growth of plants (Hmaeid et al.,

2019). The percentage of siderophore unit (SU) synthesis was

derived from the OD value through the SU index as 68.24% SU.

The percentage of the SU might vary among the bacterial

species; some soil-borne bacteria could produce the

siderophore as 9.27% to 62.28% (Devi and Thakur, 2018). The

presence of these siderophore-producing isolates in the metal-

polluted soil could enhance the plant’s metabolic activity by

providing a sufficient quantity of iron molecules, and it could

reduce the oxidative stress damage to the plant under metal

stress conditions (Das and De, 2018).

The test bacterium had outstanding N-fixing and P-

solubilizing potentials; thus, it could aid to increase the

germination rate and cell proliferation. The N-fixing native

metal-tolerant bacterium and its interactions with the plant

are a promising biotechnological approach for the reclamation

of degraded land and ecosystems (Ferreira et al., 2012). Similarly,

few studies have previously reported that the bacteria isolated

from the mining had metal tolerance as well as PGP activities

(Ferreira et al., 2012). This B. cereusNDRMN001 fixed the N in a

soluble state; thus, the plant could easily utilize the soluble form

of N and provide secondary metabolites from the root region;

eco-friendly phytoremediation is more feasible by this

interaction of plant bacteria with metal exposure sites (Enebe

and Babalola, 2018). Moreover, P is the most essential factor for

a healthy plantation (Dogra et al., 2019). The test isolate had the

superior P-solubilizing potential; it mobilized the insoluble P

(rock P) into soluble P and made it easy for plant utilization

(Asemoloye et al., 2017). The most familiar bacterial species

recorded to date to be potent P solubilizers are Acinetobacter sp.,
TABLE 3 Significant changes in the quantity of essential elements
and pH in treated soil compared with control.

Parameters Study I Study II Contro

pH 7.9 7.1 7.5

N (mg kg−1) 142.24 105.26 295.56

P (mg kg−1) 4.39 2.91 2.53

K (mg kg−1) 71.28 65.18 195.81
TABLE 2 Phytoremediation competence of C. juncea (L.) Millsp. in bauxite mine soil with and without the amalgamation of bacterial isolates.

Metals Pre-treatment (soil) Experimental study I Experimental study II

Post-treatment Metal in plant (mg g−1) Post-treatment(Soil) Metal in plant (mg g−1)

Root Shoot Root Shoot

Cr 302.34 ± 1.75 294.6 ± 2.67 1.89 ± 0.14 5.85 ± 0.84 259.17* ± 2.67 13.04 ± 0.67 30.13 ± 0.94

Cd 31.24 ± 0.98 19.09 ± 0.35 4.52 ± 0.21 7.63 ± 0.65 15.06* ± 0.61 5.56 ± 0.28 10.62 ± 0.38

Zn 769.57 ± 2.61 752.85 ± 2.63 7.4 ± 0.68 9.32 ± 0.35 722.36** ± 3.95 25.11 ± 0.79 22.10 ± 0.61

Pb 326.85 ± 3.84 315.38 ± 2.96 4.85 ± 0.37 6.62 ± 0.96 294.52** ± 1.98 12.11 ± 0.51 20.12 ± 0.84

Mn 2,519.61 ± 6.95 2,504.58 ± 5.21 12.11 ± 0.69 2.31 ± 0.08 2,349.21** ± 6.58 18.65 ± 0.82 4.84 ± 0.25
f

The values mentioned in the table were means and ± SE of triplicates. * Significantly dissimilar (p < 0.05), ** significantly varies (p < 0.001) from the pre-treated soil.
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Bacillus sp., Burkholderia sp., Alcaligenes sp., Flavobacterium sp.,

etc. (Das and De, 2018). In most cases, the naturally available

rock P and superphosphate are associated with calcium, and

when the pH of the soil fluctuates, other geochemical

conversions lead to P precipitation in the form of CaHPO4 or

CaHPO4 2H2O (Fahad et al., 2015). Thus, the availability of

metal-tolerant and P-solubilizing bacteria with the plant

seedling in a metal-polluted site could be useful for the

phytoremediation process (Li et al., 2019). The IAA

synthesized by B. cereus NDRMN001 by utilizing 3%

tryptophan corresponded to 45.21 μg ml−1. Similarly, Devi and

Thakur (2018) reported that 21 isolates enumerated from the

soil sample possessed IAA, producing efficiency up to 1.6–47.56

mg ml−1 with the consumption of 5 mg ml−1 of tryptophan. The

availability of IAA-producing bacteria in the stressed

environment could provide moderate growth through the

significant proliferation of cell division, especially in the root

region; it supports the lengthening of roots and development of

root hairs (Alka et al., 2020). It supports the gradual absorption

of water and nutrients from the metal-polluted sites (Enebe and

Babalola, 2018). Carbon sources such as glucose are a major

nutritional factor that determines the metabolism and growth of

bacteria (Bruno et al., 2020). Nevertheless, the quantity of

glucose in a medium is also the most significant factor to

promote the PGP traits of the bacterium (Das and De, 2018).

Hence, a 6% glucose-enriched medium could have enhanced the

PGP traits of B. cereus NDRMN001. It might be because glucose

is a ready-made and energy-enriched carbon source, and the

bacterium could have utilized the glucose gradually and

maintained its metabolism in a steady-state manner (Dogra

et al., 2019). This indicated that the B. cereus NDRMN001

might have a tryptophan-dependent IAA pathway (Etesami,

2018). This test bacterium might have possessed tryptophan-

metabolizing enzymes such as tryptophan-2-monooxygenase

and IAM-hydrolase (Alka et al., 2020). Initially, the

tryptophan might have been reduced to indole-3-acetamide

(IAM) through tryptophan-2-monooxygenase and the final

IAA might have been derived from IAM by IAM-hydrolase

(Garg and Aggarwal, 2011). Hence, this 9% tryptophan

concentration effectively facilitated the IAA synthesis in B.

cereus NDRMN001. This IAA could have acted as active

auxins to support active root growth and root hair

proliferation and plant growth (Gong et al., 2018).

Phosphate is one of the essential factors for the active growth of

plants and biological activities in soil (Asad et al., 2019). The

soluble form of P could support plant metabolism and develop

resistance in plants against drought, flood, disease, etc. (Sharma

and Archana, 2016). Hence, the availability of soluble P is more

important (Sharaff et al., 2017). The P-solubilizing feature of B.

cereus NDRMN001 could be useful to improve the soil ecosystem

and fertility, and support plant growth (Li et al., 2019). Numerous

bacterial species such as Azotobacter sp., Azospirillum sp., Bacillus

sp., and Burkholderia sp. have been identified as potential P-
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solubilizing rhizobacteria that could enhance soil fertility and

plant growth (Ma et al., 2013). pH and temperature are also the

most significant factors to determine the metabolism, PGP traits,

and growth of bacteria (Minari et al., 2020). A suitable pH is a

major important factor to improve the PGP traits of B. cereus

NDRMN001 since it regulates the bioavailability of basic essential

nutritional contents and enhances the activities of the enzymes

(Ma et al., 2015). Each enzyme-related metabolic activity is directly

related to the pH conditions of the bacterial surroundings (Hmaeid

et al., 2019). The pH requirement of bacteria might vary from

acidic to alkaline, based on the origin (Kang et al., 2018). Similarly,

the B. cereus NDRMN001 was isolated from slightly acidic

environmental conditions like pH 6. Correspondingly, the

effective PGP traits were expressed at pH 6.5. The optimized

temperature could activate and maintain internal cell organelle

activities and chelate certain metabolic activities and cell

proliferation (Li et al., 2019). The temperature changes among

the bacteria might be derived from their inheritance, and

temperature determines the enzymatic activities involved in the

PGP traits of B. cereus NDRMN001 (Ma et al., 2015). Hence, pH

and temperature are the major factors of concern for the effective

PGP traits of B. cereus NDRMN001. The growth of B. cereus

NDRMN001 was also noticed on the 12th day of incubation. Such

results suggested that the maximum PGP potential of B. cereus

NDRMN001 was expressed after 12 days of incubation. The

maximum PGP traits corresponded to the biomass of B. cereus

NDRMN001 (Narayanan et al., 2020b).

These entire results confirmed that the B. cereus NDRMN001

could serve as the most suitable PGP bacterium (Hmaeid et al.,

2019). It was previously identified that it had metal tolerance and

degradation potential and could be applied on metal-polluted soils

as a bioremediation agent and soil fertility-enhancing PGP

bacterium (Narayanan et al., 2020c). Therefore, this multi-

potential B. cereus NDRMN001 could support and improve the

phytoremediation potential of the plant by reducing the metal

toxicity and providing the PGP components under metal stress

conditions (Kang et al., 2018). The chlorophylls (including a and b)

and carotenoids are pivotal photosynthetic pigments in plants used

to convert solar energy to chemical energy through the

photosynthesis process (Raza et al., 2020). In most plants, the

photosynthetic pigment secretion process is susceptible to metal

stress (Hmaeid et al., 2019). The earliest impact of metals on plants

is damaging the photosynthetic pigments by causing chlorosis and

retardation (Asemoloye et al., 2017). B. cereusNDRMN001 reduced

the metal toxicity and provided the PGP components to improve

plant growth by maintaining the active biosynthesis of the

photosynthetic pigments (Hussain et al., 2019; Allamin et al., 2020).
Possible biochemical reactions

The metal-tolerant and degradation/solubilization

properties of B. cereus NDRMN001 blended with C. cajan (L.)
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Millsp. can reduce metal toxicity, and their PGP traits delay the

senescence process of the plant through the accumulation of

potassium ions, the reduction of ethylene synthesis, and the

induction of growth hormones such as IAA, which prevent

senescence, enhance the accretion of carbohydrates and

proteins, and support the plant survival under metal stress

conditions (Enebe and Babalola, 2018). Furthermore, it

facilitates a rapid recovery from metal stress than the plant

without bioinoculants (Mathiyazhagan and Natarajan, 2013).

This positive relationship contributes to the accumulation of

carbohydrates in the plant and, during stress, reserves osmolytes

and helps the plant stay green (Jerez Ch and Romero, 2016; Kang

et al., 2018). Similarly, Arachis hypogaea amalgamated with

Bradyrhizobium sp. under abiotic stress conditions had huge

amounts of proteins and carbohydrates achieved by the

nitrogenase catalyzed (N fixation) process in the rhizosphere

region leading to the accumulation of proteins and

carbohydrates in the plant (Pandey et al., 2018). The metal

tolerance and active PGP traits of B. cereus NDRMN001

enhanced the growth of the plant by improving the root and

shoot lengths via IAA synthesis (Pinto et al., 2018) and by

offering sufficient and soluble N and P molecules through N

fixation and P solubilization (Prakash et al., 2019). Similarly, P.

fluorescens amalgamated cowpea plant had lengthy roots and

shoots compared with the non-bioinoculant cowpea plant in an

abiotic stress environment (Manaf and Zayed, 2015). These

properties improved the photosynthetic pigments and

photosynthesis and led to more biomass of C. cajan (L.)

Millsp. (Garg and Aggarwal, 2011). The obtained results

correlated with the findings of Manaf and Zayed (2015). They

reported that the endomycorrhizae and P. fluorescens inoculated

with Vigna unguiculata under a metal stressed environment

showed higher wet as well as dry biomass.

The addition of the multi-potential B. cereus NDRMN001

considerably improved the phytoremediation competence of C.

cajan (L.) Millsp. This was possible due to the metal tolerance

and PGP traits (enhanced the plant metabolic activities) of B.

cereus NDRMN001 (Checcucci et al., 2017). Similarly, another

study reported the stimulus effect of rhizobacteria in

phytoremediation efficiency of Helianthus on metal-

contaminated soil (Kong and Glick, 2017).
Conclusion

The pre-isolated multi-metal-tolerant B. cereus NDRMN001

possesses remarkable PGP traits such as secretion of HCN,

siderophore, IAA, N fixing, and P solubilization. The optimum

growth parameters required for the expression of PGP traits

were optimized. The C. cajan (L.) Millsp. inoculated with B.

cereus NDRMN001 (study II) showed excellent physiology and

biomolecule contents and effectively absorbed the metals from
Frontiers in Plant Science 13
the soil and accumulated them in the root and shoot regions

compared to the plant without the bacterial inoculum (study I).

These outcomes concluded that this optimistic interaction

among C. cajan (L.) Millsp. and B. cereus NDRMN001 could

be an effective sustainable approach to removing the metal

pollutants from the contaminated site.
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et al. (2015). “Giant reed (Arundo donax l.): a green technology for clean
environment,” in Phytoremediation (New York City: Springer, Midtown), 3–20

Anning, A. K., and Akoto, R. (2018). Assisted phytoremediation of heavy metal
contaminated soil from a mined site with typha latifolia and chrysopogon
zizanioides. Ecotoxicol. Environ. Saf. 148, 97–104. doi: 10.1016/j.ecoenv.
2017.10.014

Asad, S. A., Farooq, M., Afzal, A., and West, H. (2019). Integrated phytobial
heavy metal remediation strategies for a sustainable clean environment-a review.
Chemosphere 217, 925–941. doi: 10.1016/j.chemosphere.2018.11.021

Asemoloye, M. D., Jonathan, S. G., Jayeola, A. A., and Ahmad, R. (2017).
Mediational influence of spent mushroom compost on phytoremediation of black-
oil hydrocarbon polluted soil and response of megathyrsus maximus jacq.
J. Environ. Manage. 200, 253–262. doi: 10.1016/j.jenvman.2017.05.090

Bruno, L. B., Karthik, C., Ma, Y., Kadirvelu, K., Freitas, H., and Rajkumar, M.
(2020). Amelioration of chromium and heat stresses in sorghum bicolor by Cr6+
reducing-thermotolerant plant growth promoting bacteria. Chemosphere 244,
125521. doi: 10.1016/j.chemosphere.2019.125521

Checcucci, A., Bazzicalupo, M., and Mengoni, A. (2017). “Exploiting nitrogen-
fixing rhizobial symbionts genetic resources for improving phytoremediation of
contaminated soils,” in Enhancing cleanup of environmental pollutants (Midtown
Manhattan, New York City: Springer), 275–288.

Das, S., and De, T. K. (2018). Microbial assay of N2 fixation rate, a simple
alternate for acetylene reduction assay. MethodsX 5, 909–914. doi: 10.1016/
j.mex.2017.11.010

Devi, R., and Thakur, R. (2018). Screening and identification of bacteria for plant
growth promoting traits from termite mound soil. J. Pharmacogn. Phytochem. 7,
1681–1686. Available at: https://www.phytojournal.com/archives/2018/vol7issue2/
PartX/7- 2-101-419

Dogra, N., Yadav, R., Kaur, M., Adhikary, A., Kumar, S., and Ramakrishna, W.
(2019). Nutrient enhancement of chickpea grown with plant growth promoting
bacteria in local soil of bathinda, northwestern India. Physiol. Mol. Biol. Plants 25,
1251–1259. doi: 10.1007/s12298-019-00661-9

Enebe, M. C., and Babalola, O. O. (2018). The influence of plant growth-
promoting rhizobacteria in plant tolerance to abiotic stress: a survival strategy.
Appl. Microbiol. Biotechnol. 102, 7821–7835. doi: 10.1007/s00253-018-9214-z

Etesami, H. (2018). Bacterial mediated alleviation of heavy metal stress and
decreased accumulation of metals in plant tissues: mechanisms and future
prospects. Ecotoxicol. Environ. Saf. 147, 175–191. doi: 10.1016/j.ecoenv.2017.08.032

Fahad, S., Hussain, S., Bano, A., Saud, S., Hassan, S., Shan, D., et al. (2015).
Potential role of phytohormones and plant growth-promoting rhizobacteria in
abiotic stresses: consequences for changing environment. Environ. Sci. pollut. Res.
22, 4907–4921. doi: 10.1007/s11356-014-3754-2

Ferreira, P., Bomfeti, C. A., Soares, B. L., and De Souza Moreira, F. M. (2012).
Efficient nitrogen-fixing rhizobium strains isolated from amazonian soils are highly
tolerant to acidity and aluminium. World J. Microbiol. Biotechnol. 28, 1947–1959.
doi: 10.1007/s11274-011-0997-7

Franchi, E., Rolli, E., Marasco, R., Agazzi, G., Borin, S., Cosmina, P., et al. (2017).
Phytoremediation of a multi contaminated soil: mercury and arsenic
phytoextraction assisted by mobilizing agent and plant growth promoting
bacteria. J. Soils Sediments 17, 1224–1236. doi: 10.1007/s11368-015-1346-5

Garg, N., and Aggarwal, N. (2011). Effects of interactions between cadmium and
lead on growth, nitrogen fixation, phytochelatin, and glutathione production in
mycorrhizal cajanus cajan (L.) millsp. J. Plant Growth Regul. 30, 286–300.
doi: 10.1007/s00344-010-9191-7

Gavrilescu, M. (2022). Enhancing phytoremediation of soils polluted with heavy
metals. Curr. Opin. Biotechnol. 74, 21–31. doi: 10.1016/j.copbio.2021.10.024

Gong, X., Huang, D., Liu, Y., Zeng, G., Wang, R., Wei, J., et al. (2018). Pyrolysis
and reutilization of plant residues after phytoremediation of heavy metals
contaminated sediments: for heavy metals stabilization and dye adsorption.
Bioresource Technol. 253, 64–71. doi: 10.1016/j.biortech.2018.01.018
Frontiers in Plant Science 14
Guo, S., Xiao, C., Zhou, N., and Chi, R. (2020). Speciation, toxicity, microbial
remediation and phytoremediation of soil chromium contamination. Environ.
Chem. Lett. 19:1–19. doi: 10.1007/s10311-020-01114-6doi: 10.1007/s10311-020-
01114-6

Hmaeid, N., Wali, M., Mahmoud, O. M.-B., Pueyo, J. J., Ghnaya, T., and Abdelly,
C. (2019). Efficient rhizobacteria promote growth and alleviate NaCl-induced stress
in the plant species Sulla carnosa. Appl. Soil Ecol. 133, 104–113. doi: 10.1016/
j.apsoil.2018.09.011

Hussain, M. I., Muscolo, A., Farooq, M., and Ahmad, W. (2019). Sustainable use
and management of non-conventional water resources for rehabilitation of
marginal lands in arid and semiarid environments. Agric. Water Manage. 221,
462–476. doi: 10.1016/j.agwat.2019.04.014

Jerez Ch, J. A., and Romero, R. M. (2016). Evaluation of cajanus cajan (pigeon
pea) for phytoremediation of landfill leachate containing chromium and lead. Int. J.
Phytoremediation 18, 1122–1127. doi: 10.1080/15226514.2016.1186592

Kang, X., Yu, X., Zhang, Y., Cui, Y., Tu, W., Wang, Q., et al. (2018). Inoculation
of sinorhizobium saheli YH1 leads to reduced metal uptake for leucaena
leucocephala grown in mine tailings and metal-polluted soils. Front. Microbiol. 9
(1853). doi: 10.3389/fmicb.2018.01853

Khan, M. A., Khan, S., Khan, A., and Alam, M. (2017). Soil contamination with
cadmium, consequences and remediation using organic amendments. Sci. Total
Environ. 601, 1591–1605. doi: 10.1016/j.scitotenv.2017.06.030

Kidd, P. S., Alvarez-Lopez, V., Becerra-Castro, C., Cabello-Conejo, M., and
Prieto-Fernandez, A. (2017). “Potential role of plant-associated bacteria in plant
metal uptake and implications in phytotechnologies,” in Advances in botanical
research (Netherlands: Elsevier), 87–126.

Kong, Z., and Glick, B. R. (2017). “The role of plant growth-promoting bacteria
in metal phytoremediation,” in Advances in microbial physiology (Netherlands:
Elsevier), 97–132.

Kumar, A., Chaturvedi, A. K., Yadav, K., Arunkumar, K., Malyan, S. K., Raja, P.,
et al. (2019). “Fungal phytoremediation of heavy metal-contaminated resources:
current scenario and future prospects,” in Recent advancement in white
biotechnology through fungi (Midtown Manhattan, New York City: Springer),
437–461.

Li, X., Wang, X., Chen, Y., Yang, X., and Cui, Z. (2019). Optimization of
combined phytoremediation for heavy metal contaminated mine tailings by a field-
scale orthogonal experiment. Ecotoxicol. Environ. Saf. 168, 1–8. doi: 10.1016/
j.ecoenv.2018.10.012

Manaf, H. H., and Zayed, M. S. (2015). Productivity of cowpea as affected by salt
stress in presence of endomycorrhizae and pseudomonas fluorescens. Ann. Agric.
Sci. 60, 219–226. doi: 10.1016/j.aoas.2015.10.013

Ma, Y., Oliveira, R. S., Wu, L., Luo, Y., Rajkumar, M., Rocha, I., et al. (2015).
Inoculation with metal-mobilizing plant-growth-promoting rhizobacterium
bacillus sp. SC2b and its role in rhizoremediation. J. Toxicol. Environ. Health
Part A 78, 931–944. doi: 10.1080/15287394.2015.1051205

Ma, Y., Rajkumar, M., Luo, Y., and Freitas, H. (2013). Phytoextraction of heavy
metal polluted soils using sedum plumbizincicola inoculated with metal mobilizing
phyllobacterium myrsinacearum RC6b. Chemosphere 93, 1386–1392. doi: 10.1016/
j.chemosphere.2013.06.077

Mathiyazhagan, N., and Natarajan, D. (2013). “Phytoremediation efficiency of
edible and economical crops on waste dumps of bauxite mines, Salem district,
Tamil nadu, India,” in On a sustainable future of the earth's natural resources
(Berlin, Heidelberg: Springer), 493–508.

Minari, G. D., Saran, L. M., Constancio, M. T. L., Da Silva, R. C., Rosalen, D. L.,
De Melo, W. J., et al. (2020). Bioremediation potential of new cadmium, chromium,
and nickel-resistant bacteria isolated from tropical agricultural soil. Ecotoxicol.
Environ. Saf. 204, 111038. doi: 10.1016/j.ecoenv.2020.111038

Narayanan, M., Devarajan, N., He, Z., Kandasamy, S., Ashokkumar, V., Raja, R.,
et al. (2020a). Assessment of microbial diversity and enumeration of metal tolerant
autochthonous bacteria from tailings of magnesite and bauxite mines. Mater
Today: Proc 33, 4391-4401. doi: 10.1016/j.matpr.2020.07.652

Narayanan, M., Kandasamy, G., He, Z., Kandasamy, S., Alfarhan, A. H., and
Pugazhendhi, A. (2020b). Phytoextraction competence of j. curcas l. @ on ore waste
dump of the bauxite mine under the influence of multi potential bacillus cereus.
Environ. Technol. Innovation 21, 101221. doi: 10.1016/j.eti.2020.101221

Narayanan, M., Natarajan, D., Kandasamy, G., Kandasamy, S. ,
Shanmuganathan, R., and Pugazhendhi, A. (2020c). Phytoremediation
competence of short-term crops on magnesite mine tailing. Chemosphere 270,
128641. doi: 10.1016/j.chemosphere.2020.128641
frontiersin.org

https://doi.org/10.1016/j.eti.2020.100602
https://doi.org/10.1016/j.eti.2020.100602
https://doi.org/10.1038/s41598-020-60668-1
https://doi.org/10.1016/j.ecoenv.2017.10.014
https://doi.org/10.1016/j.ecoenv.2017.10.014
https://doi.org/10.1016/j.chemosphere.2018.11.021
https://doi.org/10.1016/j.jenvman.2017.05.090
https://doi.org/10.1016/j.chemosphere.2019.125521
https://doi.org/10.1016/j.mex.2017.11.010
https://doi.org/10.1016/j.mex.2017.11.010
https://www.phytojournal.com/archives/2018/vol7issue2/PartX/7- 2-101-419
https://www.phytojournal.com/archives/2018/vol7issue2/PartX/7- 2-101-419
https://doi.org/10.1007/s12298-019-00661-9
https://doi.org/10.1007/s00253-018-9214-z
https://doi.org/10.1016/j.ecoenv.2017.08.032
https://doi.org/10.1007/s11356-014-3754-2
https://doi.org/10.1007/s11274-011-0997-7
https://doi.org/10.1007/s11368-015-1346-5
https://doi.org/10.1007/s00344-010-9191-7
https://doi.org/10.1016/j.copbio.2021.10.024
https://doi.org/10.1016/j.biortech.2018.01.018
https://doi.org/10.1007/s10311-020-01114-6
https://doi.org/10.1007/s10311-020-01114-6
https://doi.org/10.1007/s10311-020-01114-6
https://doi.org/10.1016/j.apsoil.2018.09.011
https://doi.org/10.1016/j.apsoil.2018.09.011
https://doi.org/10.1016/j.agwat.2019.04.014
https://doi.org/10.1080/15226514.2016.1186592
https://doi.org/10.3389/fmicb.2018.01853
https://doi.org/10.1016/j.scitotenv.2017.06.030
https://doi.org/10.1016/j.ecoenv.2018.10.012
https://doi.org/10.1016/j.ecoenv.2018.10.012
https://doi.org/10.1016/j.aoas.2015.10.013
https://doi.org/10.1080/15287394.2015.1051205
https://doi.org/10.1016/j.chemosphere.2013.06.077
https://doi.org/10.1016/j.chemosphere.2013.06.077
https://doi.org/10.1016/j.ecoenv.2020.111038
https://doi.org/10.1016/j.matpr.2020.07.652
https://doi.org/10.1016/j.eti.2020.101221
https://doi.org/10.1016/j.chemosphere.2020.128641
https://doi.org/10.3389/fpls.2022.1017043
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org


Narayanan et al. 10.3389/fpls.2022.1017043
Nayak, A., Basu, A., Panda, S., Dhal, N., and Lal, R. (2019). Phytoremediation of
heavy metal-contaminated tailings soil by symbiotic interaction of cymbopogon
citratus and solanum torvum with bacillus cereus T1B3. Soil Sediment
Contamination: Int. J. 28, 547–568. doi: 10.1080/15320383.2019.1634001

Pandey, C., Bajpai, V. K., Negi, Y. K., Rather, I. A., and Maheshwari, D. (2018).
Effect of plant growth promoting bacillus spp. on nutritional properties of
amaranthus hypochondriacus grains. Saudi J. Biol. Sci. 25, 1066–1071.
doi: 10.1016/j.sjbs.2018.03.003

Pinto, A., De Varennes, A., Dias, C., and Lopes, M. (2018). “Microbial-assisted
phytoremediation: a convenient use of plant and microbes to clean up soils,” in
Phytoremediation (Midtown Manhattan, New York City: Springer), 21–87.

Prakash, G., Soni, R., Mishra, R., and Sharma, S. (2019). “Role of plant-microbe
interaction in phytoremediation,” in In vitro plant breeding towards novel
agronomic traits (Midtown Manhattan, New York City: Springer), 83–118.

Rai, G. K., Bhat, B. A., Mushtaq, M., Tariq, L., Rai, P. K., Basu, U., et al. (2021).
Insights into decontamination of soils by phytoremediation: A detailed account on
heavy metal toxicity and mitigation strategies. Physiol Plantarum 173, 287–304.
doi: 10.1111/ppl.13433

Rane, N. R., Tapase, S., Kanojia, A., Watharkar, A., Salama, E.-S., Jang, M., et al.
(2022). Molecular insights into plant–microbe interactions for sustainable
remediation of contaminated environment. Bioresource Technol. 344, 126246.
doi: 10.1016/j.biortech.2021.126246
Frontiers in Plant Science 15
Raza, A., Habib, M., Kakavand, S. N., Zahid, Z., Zahra, N., Sharif, R., et al.
(2020). Phytoremediation of cadmium: physiological, biochemical, and molecular
mechanisms. Biology 9, 177. doi: 10.3390/biology9070177

Sharaff, M., Kamat, S., and Archana, G. (2017). Analysis of copper tolerant
rhizobacteria from the industrial belt of Gujarat, western India for plant growth
promotion in metal polluted agriculture soils. Ecotoxicol. Environ. Saf. 138, 113–
121. doi: 10.1016/j.ecoenv.2016.12.023

Sharma, R. K., and Archana, G. (2016). Cadmiumminimization in food crops by
cadmium resistant plant growth promoting rhizobacteria. Appl. Soil Ecol. 107, 66–
78. doi: 10.1016/j.apsoil.2016.05.009

Subrahmanyam, G., Sharma, R. K., Kumar, G. N., and Archana, G. (2018).
Vigna radiata var. GM4 plant growth enhancement and root colonization by a
multi-metal-resistant plant growth-promoting bacterium enterobacter sp. C1D
in cr (VI)-amended soils. Pedosphere 28, 144–156. doi: 10.1016/S1002-0160(17)
60448-X

Ullah, A., Mushtaq, H., Ali, H., Munis, M. F. H., Javed, M. T., and Chaudhary, H.
J. (2015). Diazotrophs-assisted phytoremediation of heavy metals: a novel
approach. Environ. Sci. pollut. Res. 22, 2505–2514. doi: 10.1007/s11356-014-
3699-5

Usmani, Z., Kumar, V., Gupta, P., Gupta, G., Rani, R., and Chandra, A. (2019).
Enhanced soil fertility, plant growth promotion and microbial enzymatic activities
of vermicomposted fly ash. Sci. Rep. 9, 1–16. doi: 10.1038/s41598-019-46821-5
frontiersin.org

https://doi.org/10.1080/15320383.2019.1634001
https://doi.org/10.1016/j.sjbs.2018.03.003
https://doi.org/10.1111/ppl.13433
https://doi.org/10.1016/j.biortech.2021.126246
https://doi.org/10.3390/biology9070177
https://doi.org/10.1016/j.ecoenv.2016.12.023
https://doi.org/10.1016/j.apsoil.2016.05.009
https://doi.org/10.1016/S1002-0160(17)60448-X
https://doi.org/10.1016/S1002-0160(17)60448-X
https://doi.org/10.1007/s11356-014-3699-5
https://doi.org/10.1007/s11356-014-3699-5
https://doi.org/10.1038/s41598-019-46821-5
https://doi.org/10.3389/fpls.2022.1017043
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org

	Assessment of PGP traits of Bacillus cereus NDRMN001 and its influence on Cajanus cajan (L.) Millsp. phytoremediation potential on metal-polluted soil under controlled conditions
	Introduction
	Materials and methods
	Soil sample collection and handling
	Soil characterization
	Brief profile of test bacterium
	Qualitative determination of PGP traits of B. cereus NDRMN001
	Ammonia (NH3), hydrogen cyanide (HCN), siderophore, nitrogen (N2) fixing efficiency determination, phosphate-solubilizing, and indole acetic acid-producing potential analyses

	Quantitative analysis of PGP traits of B.&#146;cereus NDRMN001
	HCN, siderophore, nitrogen fixation, IAA secretion, and P solubilization quantitative analyses
	Optimization of growth parameters
	Production of IAA, HCN, and siderophore, nitrogen fixation, and P solubilization under optimized conditions
	Phytoremediation potential of Cajanus cajan (L.) Millsp. with and without the amalgamation of B. cereus NDRMN001 on metal-contaminated soil
	Physiological and biomolecule analyses
	Metal analyses of post-treated C. cajan (L.) Millsp. biomass
	Accession number detail of pre-identified B. cereus NDRMN001


	Results
	Physicochemical nature of soil samples
	Characterization of PGP traits of B.&#146;cereus NDRMN001
	Quantitative analysis of PGP traits
	Optimization of growth parameters for PGP traits of B. cereus NDRMN001
	Optimization of the concentration of glucose
	Optimization of the concentration of tryptophan
	Optimization of the concentration of tricalcium phosphate
	Suitable pH and temperature
	Suitable incubation time
	PGP traits under optimized conditions
	B. cereus NDRMN001 effects on C. cajan (L.) Millsp.
	Total chlorophylls and carotenoid
	Proteins and carbohydrates
	Physiological influence
	Phytoremediation potential of C. cajan (L.) Millsp. on metal-polluted soil with the amalgamation of B. cereus NDRMN001


	Discussion
	Possible biochemical reactions

	Conclusion
	Data availability statement
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


