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Abstract

Environmental rhizobacteria play an important role in bioremediation against various heavy metal pollutants in soil and wastewater.
Phytoremediation is taken into account as a completely unique environmentally friendly technology that uses plants to get rid of or
uptake heavy metals. The utilization of heavy metal tolerance Plant Growth-Promoting Rhizobacteria (PGPB) forms a key technology
for increasing biomass preparation and defense of the plants to multiple heavy metals. The present study isolated 58 bacteria strains
from the soil and roots of maize plant rhizosphere irrigated with normal and waste water. The bacteria were tested for heavy metals
resistance, salt tolerance, and PGP attributes. Pot culture experiments were carried on under greenhouse environment and all data
regarding growth attributes, physiological attributes, multiple heavy metal tolerant indexes, and accumulation of heavy metal in maize
plant parts were recorded. Among the 58 isolated strains, 8 strains were preliminarily screened as multiple heavy metal resistance, salt
tolerance, indole-3-acetic acid, phosphate solubilization, and siderophore production, and lastly, WW-40 strain was selected as the potent
PGPR. Application of this strain in greenhouse conditions significantly increased highest 52% of seed germination, 1078 % of vigour
index, 68.57% of shoot length, 71% root length, 44.44% of shoot fresh weight, 50% of root fresh weight, 52.38% of shoot biomass, and
66.66% of root biomass excess as compared to heavy metal treatment maize seedling. The photosynthetic pigments of maize seedlings
in heavy metal contaminated pots were reduced as compared to the consortium (WW-40 + Heavy metal) pots. The chlorophyll contents
increased 68.75% excess in consortium with Zn than Zn inoculated pot. Similarly, the carotenoid contents increased 57.89% excess in
Zn consortium pot and xanthophylls contents increased 65.62% excess in Ni consortium pot as compared to other metal treatment pots.
The uptake of heavy metal by root and shoot of maize plants increased by inoculation of WW-40 strain as compared to plants in multiple
heavy metal contamination without inoculation. Thus, the heavy metal tolerance bacterial isolate distinguish in our research have promise
applications for rectifying metal contagion soils which is the potential of PGPR strain for both bioremediation and promotion of growth of

crop plants have importance in the control of environmental contamination.
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INTRODUCTION

The growing urbanization and industrialization in the present
world have resulted in serious environmental situations due to the
discharge of pollutants especially heavy metals pollutants released
regularly into the soil environment [1]. The contamination of normal
water resources and agricultural soil is affected by multiple heavy
metals due to the use of different fungicides, land chemical fertilizers,
wastewater irrigation, and sewage sludge [2,3]. Thus, the protection
of the environment from toxic effects is necessary for heavy metals
through bioremediation [4]. The traditional physicochemical
approach for metal rectification such as, electrochemical processes,
filtration, acid leaching, or ion exchange is costly and may not be
very effective. The development of sustainable and environmentally
friendly technologies is used to extract and remove toxic heavy metals
from water and soil [5]. The less cost-effective and environment-
friendly method, bioremediation, clean-up the heavy metal through
the use of microorganisms, plants, or other biological systems [6].
Among the bioremediation, phytoremediation is the most common
method for soil remediation which utilizes plants to remove toxic
metals from soils. The extraction of the standard quantity of
pollutants from superficial soil surfaces and water needs to hyper-
accumulator plants but it grows slowly in metals stress because of
toxicity of heavy metals and attains very low biomass [7,8]. So the
maintenance standard healthy state of heavy metal in soils can take
years for reconstruction and depends on the concentration of heavy
metals and types of soil of the particular area. At present, numerous
plant species like an alpine weed (Thlaspi caerulescens), helianthus
(Helianthus annuus), Indian mustard (Brassica juncea), and willow
(Salix spp.), are being employed to soak up and accumulate serious
metals from the soil [9]. The capability of phytoremediation can be
enhanced by the application of PGPR in metal contamination soils
[10] which are termed as rhizoremediation apply plant-microbe
for interactions to develop the potentiality of phytoremediation
[11]. Root colonization capacity of numerous beneficial plant
growth-promoting rhizobacteria promotes the growth of plants
by the production of growth regulators like auxin, cytokinin, and
gibberellin [12]. Auxins enhance plant growth and metal uptake in
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metal stress conditions [13], and ethylene-induced seed germination
or root growth by lowering the metal stress level. The most common
PGPR strains Bacillus and Pseudomonas have been strongly utilized
as metal uptake agents due to their high metal-binding capability
[14]. Morphological peculiarities of bacteria give them metal-
binding capability because of the charge of the cell wall properties,
the ratio of high surface-volume, protein of S-layer, and proteins
of metal-binding [15]. PGPR bacteria multiple metal resistances in
the rhizosphere of plants considerably enhance metal adsorbing in
plants and decrease metal toxicity [16,17]. Plant growth attributes
viz. growth hormones, siderophores, solubilizing phosphate by
PGPR increase the availability of soluble iron, phosphate, IAA for
improving total metal uptake by plants through reduction of metal
stress in the rhizospheric soil [18,19]. Metal bioavailability increased
by metals solubilizes microbes and specific plants and which are not
seen in a single PGPB [20,21].

The aims of this research are to i) screening of multiple heavy
metals and salt tolerance rhizobacteria from contaminant maize
field; ii) characterization, and pot experiment for determination of
different plant growth parameters to increase phytoremediation
capability in metal toxicity soils; and iii) evaluation of enhancement
of Photosynthetic pigment contents, metal index, and accumulation
surrounds the maize root surface.

MATERIALS AND METHODS
Soil sampling and chemical analyses

The soil samples were collected from the rhizosphere of maize
cultivated irrigated with industrial and municipal wastewater
and irrigated with normal water maize fields in the English Bazar
Block of Malda District. The collected sample was placed in an
autoclaved container and brought to the laboratory for analysis. The
physicochemical parameters of soil samples like pH, conductivity,
total organic carbon, organic matter, total nitrogen content, total
phosphorous content, total potassium content were analyzed using
the standard method [22]. The samples were dried and run through
a 2 mm sieve before measuring pH, organic matter content, and
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the concentrations of available nitrogen (N), potassium (K), and
phosphorus (P) [23]. Alkali N-proliferation method applied for soil
available N detection whereas and available K and P measure with
the ASI method. The K,CrO, 2H,SO, oxidation method was used to
assess the soil organic matter. The air-dried soil samples were run
through a 2 mm nylon sieve to extract heavy metals and dissolve by
1:2:2 (V:V:V) HNO,: HCl: HCIO,. Vanadium (V), titanium (Ti), iron
(Fe), zinc (Zn), nickel (Ni), lead (Pb), manganese (Mn), copper (Cu),
chromium, arsenic (As), (Cr), and cadmium (Cd) were measured by
inductively coupled.

Isolation and screening of multiple heavy metal tolerance
rhizobacterial strains

To perform this experiment, 20 soil samples were collected from
the maize rhizosphere of wastewater and normal water irrigated
maize (Zea mays L., variety DHM-1) field, and samples were placed
individually in plastic bags and brought to the laboratory. Soil plastic
bags were open gently and 10 g of the soil sample were transferred
into sterile flasks containing 90 ml of double sterile distilled water
and kept on the rotary shaker at 150 rpm for 20 min. Then, serial
dilution was made up from 10" to 10~° using dilutions technique and
10 pl aliquot was inoculated in fresh sterile Nutrient Agar (NA) plate
and incubated into 37° C biological incubator for 48 h. The strains
were selected on the basis of their morphological features and tested
for their resistance against five heavy metals viz. cadmium, lead, zinc,
copper, and nickel. The heavy metal resistance assay was performed
by spot-inoculating on nutrient agar medium amended with the
respective metal salts. Minimum Inhibitory Concentration (MIC)
values were calculated by adding CdClz’ Pb(NO3)2, CuSO A ZnClZ,
and NiCl2 in standard medium at 200, 400, 600, 800 and 1000 mg L™
heavy metal concentrations. After incubation at 28°C for 5 days, the
MIC value of the viable Colony-Forming Units (CFU) was observed
after 48h of incubation at 30°C [24].

Salt tolerance test of isolates

Assessment of salt tolerance test of all strains, NaCl (1-20%)
amended with NA medium and allow to solidification in a biological
incubator. The overnight fresh culture of each isolate with a uniform
population (5 x 10° cells ml') was spotted on the fresh sterile NA
agar plates and the petridishes were kept in the incubator at 37°C
after sealing. Morphological characterization on the basis of colonies
diameter and appearance of isolated strains were investigated after 3,
6, and 9 days incubation. Salt tolerance of each isolates to different
percentages of salinity was recorded by founding the quality of the
bacterial colonies grown in the control plates [25,26].

Plant growth promoting attributes of the isolates

Plant growth promoting parameters such as IAA production,
solubilization of inorganic phosphate, and siderophore were assessed
using different methods. IAA production was measured by Sheng, et
al. [27] methods of each PGPR isolated strain. The potent bacterial
strains were cultured in 0.5 mg ml™ L-tryptophan containing SMS
medium for 4 days at 37°C at 200 rpm. Then, 2 ml Salkowski’s
chromogenic reagent was gently mixed with 1 ml cell suspension [28]
and place it dark for 30 min at 28°C and colour changes of the cell
suspension were recorded. The ability of phosphate solubilization of
isolated bacteria strains was determined by inoculating the bacterial
culture in NBRIP medium at 28°C for 7 days and measurement the
solubilization zone around each bacterial colony [29]. Production of
Siderophore was determined using blue agar medium with Chrome
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Azurol S (CAS) and formation of halo zone around the colony was
measures in terms of diameters [30].

In vivo Greenhouse experiment

Inoculum preparation and seed inoculation: The strains were
cultured in a 250 ml conical flask individually containing 200 ml LB
media and keep it at 37°C in the orbital shaking incubator (100 rpm)
for 48 h. The fermenting broth was centrifuged at 6000 rpm for 6 min.
The cell pellet was cleaned two times with sterile distilled water, and
suspended in 10 ml sterile distilled water approximately 10° CFU/seed
(O.D = 0.8), vortex, and used for seed treatment. Approximately 10-
15 maize seeds were surface sterilized with 5% sodium hypochloride
(NaoCl, Merk, India) for 1 min and washed thrice in sterile distilled
water. Seeds were air-dried and soaked in bacterial suspension, and
the preparation was stirred frequently for 5 min. Bacterized seeds
were gently spread on a Petridish and air-dried overnight at room
temperature. The total number of bacterial cells per seed was counted
via serial dilutions and was set to approximately 10° CFU/seed (O.D
=0.8).

Experimental setup: The pots of earthen were filled with 8 kg soil
with sandy clay loam texture having pH 7.64, organic matter 0.63%,
EC 1.29 dS ml, saturation percentage 38.6%, extractable potassium
125.6 ppm, available phosphorous 7.5 ppm and while lead was not
detectable in that soil. Before filling of the pot, this soil was polluted
by lead using lead nitrate (PbNO,) salt, cadmium using cadmium
chloride (CdCl,) salt, zinc using zinc chloride (ZnCl,) salt, cupper
using copper sulphate (CuSO,) salt and nickel using nickel chloride
(NiCl,) salt at a concentration of 200, 400, 600, 800 and 1000 mg
L. Total 5 seeds were swan in each pot and kept at normal room
temperature.

Analysis of plant growth attributes: Plant growth attributes
such as seed germination and vigour index, shoot length, root length,
shoot fresh weight, root fresh weight, shoot dry weight, and root
dry weight was recorded. Shoot and root dried in hot till the parts
were lost their internal cell water. The percentage of germination was
evaluated with the following formula [31]:

(%) =
number of

Germination rate (number of  seeds
germinated/total seeds) X 100
Vigour index = % of germination x total plant length.

Assessment of heavy metal tolerance index

Evaluation of heavy metal tolerance index was measured
according to the method of Balint, et al. The treated and control maize
seedling samples were taken and dried at 50°C in a hot air oven. The
heavy metal tolerance index was calculated using the formula:

% Heavy metal tolerance index = Dry weight of treated plants /
Dry weights of control Plants x 100

Determination of photosynthetic pigments

To an analysis of photosynthetic pigments, 100 mg leaf tissues
were collected from the heavy metal treated and control plant
separately and then cut into small pieces and mixed with 7 ml of
DMSO (dimethyl sulphoxide) in test tubes at 65°C for 3 h. After
crushing the samples, DMSO was poured onto make up the volume
up to 10 ml, and the absorbance of the filtered extract was recorded
by UV-vis Spectrophotometer (UV-Vis 1800, Shimadzu, Japan)
at 645 and 663 nm marking blank as pure DMSO [32]. Extraction
and estimation of Photosynthetic pigments from leaves of maize
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plants were ground with 80% acetone. Estimation of the chlorophylls
and carotenoids has followed the method of Chowdhury, et al.
[33]. Photosynthetic pigments viz. total chlorophyll, chlorophyll a,
chlorophyll b, and carotenoids were expressed as mg/g of fresh leaf
tissue. The absorbance for chlorophylls a & b and carotenoid was
recorded at 663, 645, and 470 nm, respectively.

The content of xanthophylls estimation in maize leaves was done
according to Lawrence [34] method. Samples were oven-dried, crush
and take 50 mg powdered to keep in a 100 ml flask. Then add the 30
ml of a combined extract of hexane (10 ml): acetone (7 ml): absolute
alcohol (6 ml): toluene (7 ml)) was done and the flask was shaken for
15-20 min. After the addition of 40% methanolic KOH (2 ml) to the
flask, it was then kept in the water bath (58°C) for 20-25 min and the
samples were placed under dark conditions for 1 h. For this purpose,
30 ml of hexane and 10% sodium sulfate were mixed to a volume of
100 ml and then vigorously shaking for a minute. The flask was again
incubated under dark conditions. After that, the upper portion was
transferred into a 50 ml volumetric flask, and the volume was makeup
using hexane, and absorbance was recorded at 474 nm.

Determination of multiple heavy metal accumulation

The seedlings of maize were collected and their separated roots
and shoots parts were allowed to dry in the oven at 65°C for 48 hrs.
The oven-dried samples were crushed to make powder and dissolve
according to the Allen, et al. [35] method. For this purpose, 200 mg
of dust form sample was taken and digested in aquaregia (H,SO,:
HNO,: HCIO,, v/v) in ratio 1:3:1 with help of beakers using a hot
induction plate. Then, dissolve samples were allowed to be cooled
and filtered through 0.22 um pore containing nylon syringe filters.
The dilution of samples was done by using double distilled water and
the final volume make up to 50 ml. After that, these digested samples
were stored at room temperature and estimated the roots and shoots
heavy metal accumulation in the plant through Atomic Absorption
Spectrophotometer (Shimadzu 6200).

Statistical analysis

All the statistical analysis was performed using the statistical
program SPSS v. 13.0 (SPSS, 2004).

RESULTS
Soil character analysis

The soil analysis result showed that different physicochemical
properties of waste water irrigated soil were significantly higher than
normal water irrigated soil which was shown in table 1. Similarly,
the heavy metal content analysis of waste water irrigated soil showed
higher mg L™ in the context of normal water irrigated soil as shown
in table 1.

Screening of Heavy metal tolerance bacterial strains

Assessment of heavy metal tolerance of bacteria strains from
maize rhizosphere as shown in table 2. A total of 48 bacteria isolated
from maize rhizosphere irrigated with industrial and municipal
wastewater showed were resistance to multiple heavy metals and 10
strains isolated from maize plants cultivated with normal water were
mainly susceptible to heavy metals. The bacterial strains WW-09,
WW-16, WW-22, WW-25, WW-40, WW-48, WW-51 and WW-55
were potent against multiple heavy metals.
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Table 1: Different physico-chemical properties of normal water and polluted
water irrigated maize field soil.
Physicochemical Properties

Physicochemical waste water irrigated  Normal water irrigated

Properties Soil Soil

pH 6.6 5.1

Electrical Conductivity 02 02

(m)

Organic Carbon (%) 2.64 0.84
Available N (kg/ha) 200.7 553.93

Available P(kg/ha) 116.16 3.24

Available K(kg/ha) 247.5 4.95

Heavy metals content (mg L")

w -
aste water irrigated Normal water irrigated

Heavy metals (mg L") Soil Soil

Lead (Pb) 14.99 3.36

Zinc (Zn) 11.47 5.08

Cadmium (Cd) 13.60 4.74

Cupper (Cu) 11.61 3.66

Nickel (Ni) 10.38 5.38
Calcium (ca) 10.75 2.0

Salt tolerant test

The result of the salt tolerance test of potent 8 bacterial strains
is shown in figure 1. The result in this assessment showed that a
significant percentage of rhizospheric isolates were resistant to high
salinity percentages (up to 20 %). WW-40 isolated strains showed
higher salt tolerance than WW-09, WW-16, WW-22, WW-25, WW-
40, WW-48, WW-51 and WW-55. In addition, due to high salts
concentration, the rhizosphere isolates were not able to grow ina 21%
NaCl medium.

Maximum tolerable concentration assay of the potent
PGPR strains

The maximum tolerable concentration of multiple heavy metal
tolerance 8 bacterial strains are shown in table 3. According to the
results, strains WW-09, WW-16, WW-22, WW-25, WW-40, WW-
48, WW-51, and WW-55 showed good heavy metal tolerance
potentiality against Pb, Cd, Zn, Cu, and Ni in MIC assay. All selected
bacteria were observed to tolerate the tested heavy metals with
different capabilities ranging from 1000 to 1600 mg L™ for Pb, 600
to 1000 mg L' for Cd, 400 to 600 mg L™ for Zn, 200 to 500 mg L!
for Cu, and 300 to 1000 mg L' for Ni. Among the 8 strains, WW-40
showed the highest multiple heavy metal tolerable capabilities than
other isolated bacteria.

Plant growth promoting activity

The results showed that the potent bacterial strains growing
in medium amended with tryptophan were able to produce IAA
as shown in table 4. Strain WW- 40 produced the highest (7.68 g/
ml) whereas WW-16 produced the lowest (1.47 g/ml) IAA among
the eight isolates tested. In addition to IAA production, all 8 strains
exhibited the potential capability for phosphate solubilization (Table
4). The highest phosphate solubilization was observed by the isolated
strain WW- 40 (129.33 g/ml). The lowest quantity of phosphate
solubilization was observed by the isolate WW-22 (60.78 g/ml).
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Table 2: Heavy Metal tolerant assay of the isolated strains from normal water and polluted water irrigated maize field.

Strains Pb Cd Zn Cu NI Co Strains Pb Cd Zn Cu NI Co
NW- 30 - - - - - - WW- 1 + ++ + ++ + +
NW- 31 - - - - - - WW- 2 + + + + + +
NW- 32 - - - - - - WW- 3 + ++ + + + +
NW- 33 - - - - - - WW- 4 + + + + + +
NW-34 - - - - - - WW- 5 + ++ ++ + + +
NW- 35 - - - - - - WW- 6 + ++ + + + +
NW- 36 - - - - - - WW- 7 + + + + + +
NW-37 - . = — - - WW- 8 + + + + + +
NW-38 — — - - - — WW -9 +++ +++ ++ ++ ++ ++
NW-39 — - - — — - WW- 10 + + + + + +
WW- 40 +++ +++ ++ ++ ++ ++ WW- 11 + + + + + +
WW- 41 + + + + + + WW- 12 + +++ + + + +
WW- 42 + + + + + + WW- 13 + + + + + +
WW- 43 + + + + + + WW- 14 + + + + + +
WW- 44 + + + + + + WW- 15 + + + + + +
WW- 45 + + + + + + WW- 16 ++ +++ + ++ + ++
WW- 46 + + + + + + WW- 17 + + + + + +
WW- 47 + + + + + + WW- 18 + + + + + +
WW- 48 ++ +++ + ++ ++ ++ WW- 19 + +++ + + + +
WW- 49 + + + + + + WW- 20 + + + + + +
WW- 50 + + + + + + WW- 21 + + + + + +
WW- 51 ++ +++ ++ + ++ ++ WW- 22 +++ +++ ++ +++ ++ ++
WW-52 + + + + + + WW- 23 + + + + + +
WW- 53 + + + + + + WW- 24 + + + + + +
WW-54 + + + + + + WW- 25 ++ +++ ++ + + ++
WW-55 +++ +++ ++ ++ ++ ++ WW- 26 + + + + + +
WW- 56 + + + + + + WW- 27 + + + + + +
WW-57 + + + + + + WW- 28 + + + + + +
WW- 58 + + + + + + WW- 29 + +++ + + + +

Here +++ indicated highly heavy metal tolerant isolates, ++ indicated moderate heavy metal tolerant isolates and + indicated low heavy metal tolerant isolates. NW:
Normal Water irrigated soil; WW: Waste Water irrigated soil.

Table 3: Tolerance to heavy metals MIC (mg L™"). Table-4: IAA production and phosphate solubilization by bacterial isolates
without metal stress. All the values are mean of three replicates + standard
Strains Pb Cd Zn Cu Ni .
deviation (SD).
WW-09 1000 800 500 200 400 Strains 1AA PS
Ww-22 1200 1000 600 300 500 WW-16 1:47£0.05 114.48 £1.86
WW - 22 5.43+0.11 60.78 +0.20
WW-25 1400 1000 400 400 500
WW -25 1.86 +0.04 102.42 +0.80
WW-40 1600 1200 600 500 1000
WW - 40 7.68+ 0.45 129.33 +1.01
WW-48 1400 1000 500 400 500 WW -48 2524022 81.23 +0.92
WW-51 1200 800 400 300 400 WW - 51 1.85+0.09 126.42 +0.62
WW-55 1000 600 400 200 300 WW -55 6.33 £0.25 106.58 +0.87
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Furthermore, the application of WW-40 PGPR strain in the presence
of heavy metal for phosphate solubilization and IAA production
was also investigated (Figure 2). Results from this study focus that
the existence of 0.129 g/ml zinc, 0.190 g/ml copper, and 0.176 g/ml
Ni did not decrease the IAA production (Figure 2A). Although, IAA
production was decreased by Pb and Cd. Phosphate solubilization
potentiality was inhibited by lead, cadmium, zinc, and copper (Figure
2B) and not suppressed by nickel.

The production of siderophores by the 8 multiple-metal tolerance
bacterial strains was observed by the absorbance at 400 nm, as
described in materials and methods. The production of siderophore
was observed that WW 40 and WW 48 showing the maximum and
minimum siderophore levels released in the supernatant (Figure 3A).
In addition, various absorbances at 400 nm were shown between
bacterial cultures grown in the presence versus the absence of iron.
Furthermore, the effect of heavy metals on siderophore production
by the bacterial isolates was showed in figure 3B. Results showed
that except Nickel, all the heavy metals inhibited the production of
siderophore in comparison to control.

In vivo Plant growth parameters

The percentage of seed germination under various treatment
conditions of Maize seedling is shown in figure 4A which is focused on
the potentiality of WW-40 strain to induced maize seed germination
in the presence of Pb, Cd, Cu, Zn, and Ni. Results showed that the

highest percentage of seed germination occurs in only WW 40 strain
in comparison to control. The application of WW-40 strain with Pb,
Cd, Cu, Zn, and Ni heavy metals, seed germination increases 2 fold
approximately in comparison to Pb, Cd, Cu, Zn, and Ni inoculated
pot. Similarly, vigour index of Maize seedling was observed highest
in case of WW-40 strain inoculated pot than control as shown in
figure 4B. Application of consortium (WW 40 strain + heavy metals)
showed that the vigour index increased approximately 5 fold of maize
seedling compared with Pb, Cd, Cu, Zn, and Ni inoculated pots.

The effect of strain WW 40 up to 30 days maize seedlings under
Pb, Cd, Cu, and Ni stress was assessed in terms of shoot length, root
length, shoot fresh weight, root fresh weight, shoot biomass, and
root biomass as shown in figure s4A-C. Results on root and shoot
growth of maize seedling showed that the application of strain WW-
40 increases with multiple heavy metal 2 fold length increased in Pb
inoculated pot followed by 3 fold increased in Cd, 2.5 fold increased
in Cu, 2.7 fold increased in Zn and 2.8 fold in Ni inoculated pots
with comparison to Pb, Cd, Cu, Zn, and Ni inoculated pots as shown
figure 5A. Similarly, shoot fresh weight increased excess 15 cm in
Pb inoculated pot followed by 10 cm, 15 cm, 20 cm and 21 ¢cm in
Cd, Cu, Zn and Ni inoculated pots. The root fresh weight observed
highest excess growth 9 cm in Ni and Zn inoculates maize seedling
whereas lowest growth 3 m by Cd and Cu inoculated pots as shown
in figure 5B. The shoot biomass excess increase by the application of
strain WW 40 in Pb pot is 2.2 cm followed by 2 ¢cm, 2.3 cm, 3 cm and

Absorbance (0.D.Value)

1%

3% 5% T%

EWWO09 EWW 16 mWW22 mWW25

3 EWW40 mWW48 = WW 51 =WW 55

9%

10% 12% 14% 16% 18% 20%

NaCl (%)

Figure 1: Salt tolerance (%) assay of maize (Zea mays L.) rhizospheric isolates irrigated with industrial and municipal waste water.
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Figure 2: A) IAA production by WW-40 and B) phosphate solubilization by WW-40 in the presence of heavy metals. Control: absence of heavy metals.
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2.7 cm in Cd, Cu, Zn and Ni pots whereas root biomass significantly
increased 0.9 cm in Pb pot followed by 0.7 cm, 0.5 cm, 0.6 cm and 1.2
cm as shown in figure 5C.

Photosynthetic pigment

The photosynthetic pigments were determined by analyzing total
Chlorophyll, Carotenoid, and Xanthophyll contents as shown in
figures 6A-C. Total chlorophyll content was observed lower 0.2 mg/g
FW in Pb stress followed by 0.25 mg/g FW, 0.3 mg/g FW, 0.36 mg/g
FW, and 0.4 mg/g FW in the presence of Cd, Cu, and Ni as compared
to control seedlings as shown in Figure-6a. Application of strain
WW 40 with Pb inoculated seedling observed that the chlorophyll
content is significantly increased 1.5 -fold higher than Pb inoculated
maize seedling. Similarly, in case of Cd, Zn, Cu and Ni inoculated
pots, chlorophyll content increased 3- fold, 2.5 -fold, 1.5 -fold, and 2
-fold respectively for application of WW 40 strain. Total carotenoid
content is observed lower 0.4 mg/g FW in Pb stress followed by 0.35
mg/g FW, 0.35 mg/g FW, 0.4 mg/g FW, and 35 mg/g FW in the
presence of Cd, Cu, Zn, and Ni as compared to control seedlings as
shown in figure 5B. Application of strain WW 40 in all heavy metal
pot with maize seedling, carotenoid content is increased 1.75 -fold in
Pb followed by 2.25- fold, 2.5 -fold, 2.25 -fold and 2- fold in Cd, Cu,
Zn, and Ni inoculated pots. Total xanthophylls content was observed
lower 10 mg/g FW in Pb stress followed by 9 mg/g FW, 12 mg/g FW,
11 mg/g FW, and 13 mg/g FW in the presence of Cd, Cu, Zn, and Ni
as compared to control seedlings as shown in figure 5C. The content
of xanthophylls is increased 2.2 -fold in Pb- inoculated pot, 3 -fold in
Cd, 2- fold in Cu, 2.3 -fold in Zn by the application of PGPR strain
WW 40 in all heavy metal inoculated pots.

Heavy metal tolerance index and accumulation.

The tolerance index of maize plant against Pb, Cd, Cu, Zn, and Ni
heavy metal was observed 100% in control seedling and 57.77% in Pb
stress followed by 64.44 %, 60 %, 55.55 and 48.88 % in the presence
of Cd, Cu, Zn, and Ni as compared to control seedlings as shown
in figure 7. The tolerance index of WW-40 strain amended with Pb,
Cd, Cu, Zn, and Ni stressed seedling is 137.77%, 142.22%, 111.11%,
133.33% and 135.55% respectively.

Heavy metal accumulation in the shoot of maize plant observed
the highest reduction in Cd inoculated pot and lowest reduction
in Cu inoculated pot by the application of PGPR strain WW-40 as
compared to only heavy metal inoculated pot as shown in figure 8A.
Similarly, 50% Cd accumulation reduces by the PGPR strain WW 40
which is the highest and lowest reduction observed in the case of Pb
as shown in figure 8B.

DISCUSSION

In recent years, PGPR is widely utilized for phytoremediation
of metalliferous soils of the agricultural field which help the growth
promotion of crops under stress conditions and reduce the heavy
metals toxicity of crop plants in different ecosystems [36,37].
Production of crop losses increases the Pb, Cd, Zn, Cu, and Ni
content in the soil that affects the growth of the crop plants in the
agricultural field [38]. According to Kotoky, et al. [39] reports, it has
been well established that no plant can grow well without the presence
of microorganisms. The present study focuses on the rhizospheric
bacteria colonization on maize plant root surface to help the growth
and tolerance of these plants from environmental stresses. There is no
toxicity effect of heavy metals on maize plants observed and so plants
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Figure 3: A) Production of siderophore by the bacterial strains fermenting with and without FeCI3, respectively.
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Figure 6: Effect of PGPR strains WW 40 on photosynthetic pigments. A) Chlorophyll content B) Carotenoid content C) Xanthophyll content in 20-days old Zea

maize seedlings under five heavy metal stresses.

become healthy. The previous report revealed that PGPR adapted
to heavy metal toxicity for their survival in places contaminated
metalliferous soils [40]. The potency of heavy metal resistance of
contaminated environments isolates has higher resistance than
normal areas [41]. Hence, it can be expected that wastewater irrigated
maize plants rhizospheric bacterial isolates are inhabitants in highly
metal-resistant soil, and their population is affected by biological and
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non-biological agents such as heavy metal stress [42]. The maize field
isolated strains of this study also showed remarkable tolerance to
salinity. Previous reports showed that few halophilic bacteria resistant
to heavy metals [43] and six heavy metal resistant bacteria isolates
viz. Chryseobacterium indoltheticum, Pseudomonas helmanticensis,
Cupriavidus oxalaticus, Bacillus almalaya, Bacillus mycoides, and
Acinetobacter tjernbergiae were able to tolerate 1-7% salinity [44].



Scientific Journal of Biology a

Salt tolerance reports observed that these isolated strains have
the potential to be used in areas of high salinity and metalliferous
polluted areas (Figure 1).

In this study, 8 rhizospheric bacterial isolates showed
different PGP attributes such as IAA production, siderophore and
phosphate solubilization (Table 4) (Figures 2&3). Past studies on
rhizospheric bacteria from various crop plants that were potentially
tolerant to heavy metals also showed these PGP traits [45]. Multiple
heavy metals—stressed plants associated with bacterial isolates actively
shown production such PGP properties of Zea mays cultivated
with wastewater in this study. IAA production by the 8 strains is
in different quantities. The previous report documented that 80%
of rhizospheric bacteria isolated from various plants rhizosphere
had the capability to synthesis IAA as secondary metabolites [46].
However, IAA production can help the bacteria to interact with the
plant that has no specific role in bacterial cells [47]. Rhizospheric
bacteria attached with the epidermal cell of the root surface and
increase the number of root hairs initiation by the production of
bacterial IAA which loosens the cell wall of the plant and increases
the number of roots that help the take nutrients from the surrounding
soil [48]. Siderophore production is one of the most essential
characters of rhizobacteria which is synthesized under very low iron
stress, acts as specific ferric iron-chelating agents and makes them
more powerful in the challenge with other microorganisms in the
environment and helping plant-bacteria for root colonization [49]. In
this study PGPR significantly produce siderophore in the heavy metal
condition which is shown in figure 3. The most potent strain WW40
produces the highest siderophore than control under multiple heavy
metal conditions. Phosphorus is a necessary mineral nutrient that
helps various physiological roles for plant growth and development.
However, a large amount of total phosphate stock in soils but plants
can be utilized a poor amount of the total phosphorus terms as plant-
available phosphorus [50]. The soil stress due to heavy metal can
also be a barrier to the absorption of plant-available phosphate and
suppressed plant growth. Although, Phosphate availability could also
be in the soil enhance the solubilization potentiality of phosphate by
many PGPR through increasing the mobile of inorganic P to available
phosphate [51]. The amounts of absorption of soil phosphorous by
plants enhance and improved plant growth promotion. We found
that WW-34, WW-36, WW-37, and WW-58 significantly increased
the total P content in shoots and roots of Zea mays growing in WW-
34, WW-36, WW-37, and WW-58 contaminated soil compared to
control plants (Figure 2B). Seed bacterization of Zea mays with WW-
34, WW-36, WW-37, and WW-58 strains significantly increased
the rate of the seed germination and vigour index in comparison
to the untreated control (Figures 4A-B). The percentage (92%) of
seed germination observed in Pb inoculated pot with WW-40 strain
is 52% greater than Pb inoculated pot only (40%). The application
of WW-40 strain in Cd, Zn, Cu, and Ni pots significantly increased
47%, 38%, 38, 47%. Similarly, the vigour index of Zea mays seedling
significantly increase 918%, 1078%, 812%, 896%, and 569% by the
application of WW-40 strain in Pb, Cd, Cu, Zn, and Ni inoculated
pots. Previous research focuses on the inhibition of seed germination
in various cereal crops such as rice, wheat, and barley in response to
different heavy metals which is probably due to the morphological
and physiological changes in roots that result in reducing heavy
metal tolerance [52]. Our results also demonstrated that there was
a significant increase in plant growth parameters like shoot and root
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length, shoot and root fresh weight, and biomass (Figures 5A-C).
The shoot length of maize seedling increased 60%, 68.57%, 66.66%,
63.33% and 91.66% and root length increased 62.5%, 55.55%, 50%,
33.33%, and 71.42% excess by the application of the strain WW 40
in Pb, Cd, Cu, Zn, and Ni inoculated pots. The highest shoot fresh
weight increased excess 46.51%, root fresh weight 50%, and root
biomass (63.93%) was observed in Ni inoculated pots and shoot
biomass 63.82% in Zn inoculated pot by application of WW 40 strain.
The effect of heavy metals on seeds with various growth abnormalities
viz. germination, reduced root, and shoot elongation [53,54] was
reported by earlier researchers.

The pigments content of Zea mays seedling (Chlorophyll ‘@’, ‘b’,
Xanthophyll and Carotenoids content) are reduced by Pb, Cd, Zn,
Cu, and Ni contamination pots (Figure 6). The pigments content
might be reduced due to the insertion of multiple heavy metals within
the phytoporphyrin ring of the pigments chlorophyll and decreases
the production of chlorophyll [55,56]. The synthesis of chlorophyll
molecule decrease either by reducing the potentiality of chlorophyllase
enzyme or lowering the adsorption of Fe and Mg by plants [57,58].
Cd, Zn, Cu and Ni also degraded the chlorophyll molecule [59]. The
photosynthetic pigments of crop plants were observed to enhancement
by the application of plant growth-promoting bacteria that increases
nutrient uptake in plants through phosphate solubilization and
exudating essential substances that play a crucial role in the synthesis
of photosynthetic pigments necessity for light-harvesting complex
and its photo assimilation [60]. The chlorophyll levels increasing
due to inoculation of Klebsiella pneumoniae in V. mungo under
Cd stress [61]. The chlorophyll contents of Zea mays plants also
increased by the application of Azotobacter chrococcum with Cu and
Pb [62]. Heavy metal tolerance index showed that consortium (Pb
+ WW-40) applied Zea mays seedling tolerate 43.83% higher than
Pb inoculated pot. Similarly, the application of in Cd, Cu, Zn, and
Ni pot significantly increases the metal tolerance index 29.64%,
56%, 47.82% respectively (Figure 7). The result also signifies that
the treatment of maize seedlings with microbial strains WW-40 in
each heavy metal pot mitigates Pb, Cd, Cu, Zn, and Ni and reduces
the heavy metal tolerance index. The application of Methylobacterium
oryzae and Burkholderia sp. with Cd and Ni inoculated tomato
seedlings decrease the Heavy metal tolerance index uptake [63].

In the current study, PGPR microorganisms are reduced heavy
metal accumulation in the shoot of maize plant observed at 37.5%
in Pb inoculated pot, 40% in Cd, 34.21% in Cu, 38.46% in Zn and
37.8% in Ni pot as compared to Pb, Cd, Cu, Zn, and Ni pot as shown
in figure 8A. Similarly, in case of root, heavy metal accumulation
lowered 38.4% in Pb inoculated pot, 40% in Cd, 50% in Cu, 43.75%
in Zn, and 47.05% in Ni pot by the application of PGPR strain WW
40 as shown in Figure-8b. The mechanism of accumulation of Pb,
Cd, Cu, Zn, and Ni reduction could be enhancement by the potential
application of rhizobacteria. Previous studies suggested that Z.
mays when contaminated with A. chroococcum bacterium lowered
Cu and Pb accumulation in plant parts which is most likely due to
the synthesis of various metabolites, protons and exudates that act
as metal chelators and immobilize [64]. Moreover, it was suggested
that Bacillus megaterium, a metal tolerant strain, decreases the Ni
translocation [65], and As-resistance Exiguobacterium decrease as
translocation in Vigna radiata plants by accumulation at the root
parts [66]. It has been observed that Acinetobacter Iwofi promotes
growth and reduces uptake in V. radiata [67].
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CONCLUSIONS ACKNOWLEDGMENT

The maize field isolated multi-metals resistant and salt tolerance
bacterium appeared to be potent plant growth-promoting that
would turn out IAA, siderophores, solubilize the phosphate. In this
study, the WW-40 strain enhance the rate of seed germination
and vigour index in the metalliferous soil and promoted growth
of maize seedling in terms of root length, shoot length, root fresh
weight and shoot fresh, root biomass and shoot biomass subjected
to Pb, Cd, Cu, Zn, and Ni metallic element stress. Application of the
strain in Pb, Cd, Cu, Zn, and Ni pots observed a significant increase
in the photosynthetic pigment content of seedlings like chlorophyll,
carotenoid, and xanthophylls. The Pb, Cd, Cu, Zn, and Ni metal
accumulation capability reduced by the maize seedling found in the
presence of WW 40 strain in the rhizosphere. The decreased levels
of Pb, Cd, Cu, Zn, and Ni resulted in the alleviation of Pb, Cd, Cu,
Zn, and Ni toxicity by decreasing its bioavailability. Therefore, all
these traits act as a driving force in enhancing the growth of plants
in a metal-polluted environment. The present study, therefore,
projects the contribution of micro-organisms in decreasing Pb, Cd,
Cu, Zn, and Ni toxicity and accumulation, implicating their roles for
achieving the goal of lower Pb, Cd, Cu, Zn, and Ni concentrations
in maize plants with better growing conditions. It could be also a
good choice for application in microbially assisted phytoremediation
approaches for the pollution of multi-metals contaminated soils.

SCIRES Literature - Volume 4 Issue 1 - www.scireslit.com Page - 048

Authors are gratefully to Department of Botany, Balurghat
College for their help. The financial assistance provided by the
University Grants Commission File No: PSW-029/14-15(ERO), New
Delhi, Government of India is gratefully acknowledged.

COMPLIANCE WITH ETHICAL STANDARDS
Ethical approval

This article does not contain any studies with human participants
or animals performed by any of the authors.

Author’s contributions

SKC designed the whole study including sample collection,
antibacterial assay, antifungal assay, synergistic effect at Department
of Botany, Sreegopal Banerjee College and prepares the manuscript.

REFERENCES

1. Yahaghi Z, Shirvani M, Nourbakhsh F, de la Pefia TC, Pueyo JJ, Talebi
M. Isolation and Characterization of Pb-Solubilizing Bacteria and Their
Effects on Pb Uptake by Brassica juncea: Implications for Microbe-Assisted
Phytoremediation. J Microbiol Biotechnol. 2018 Jul 28;28(7):1156-1167. doi:
10.4014/jmb.1712.12038. PMID: 29975995.

2. Jadia CD, Fulekar MH. Phytoremediation of heavy metals: recent techniques.
Afr J Biotechnol. 2009;8:921-928. https://bit.ly/3iHJ2Wz



Scientific Journal of Biology a

20

Akcil A, Erust C, Ozdemiroglu S, Fonti V, Beolchini F. A review of approaches
and techniques used in aquatic contaminated sediments: metal removal
and stabilization by chemical and biotechnological processes. J Clean Prod.
2015;86:24-26. doi: 10.1016/j.jclepro.2014.08.009

Glick BR. Using soil bacteria to facilitate phytoremediation. Biotechnol Adv.
2010 May-Jun;28(3):367-74. doi: 10.1016/j.biotechadv.2010.02.001. Epub
2010 Feb 8. PMID: 20149857.

Dixon B. Bioremediation is here to stay. ASM News. 1996;62:527-528.

Haferburg G, Kothe E. Metallomics: lessons for metalliferous soil remediation.
Appl Microbiol Biotechnol. 2010 Jul;87(4):1271-80. doi: 10.1007/s00253-010-
2695-z. Epub 2010 Jun 8. PMID: 20532755.

Atma W, Larouci M, Meddah B, Benabdeli K, Sonnet P. Evaluation
of the phytoremediation potential of Arundo donax L. for nickel-
contaminated soil. Int J Phytoremediation. 2017 Apr 3;19(4):377-386. doi:
10.1080/15226514.2016.1225291. PMID: 27592714.

Zubair M, Shakir M, Ali Q, Rani N, Fatima N, Farooq S, Nasir IA. Rhizobacteria
and phytoremediation of heavy metals. Environ Technol Rev. 2016;5(1):112-
119. doi: 10.1080/21622515.2016.1259358

Asghar HN, Ishag M, Zahir ZA, Khalid M, Arshad M. Response of radish to
integrated use of nitrogen fertilizer and recycled organic waste. Pak J Bot.
2006;38(3):691-700. https://bit.ly/3B6CdoE

. El-Tarabily KA. Promotion of tomato (Lycopersicon esculentum Mill.) plant

growth by rhizosphere competent 1-aminocyclopropane-1-carboxylic
acid deaminase-producing streptomycete actinomycetes. Plant Soil.
2008;308:161-174. https://bit.ly/3F75WQC

. Fassler E, Evangelou MW, Robinson BH, Schulin R. Effects of indole-3-

acetic acid (IAA) on sunflower growth and heavy metal uptake in combination
with ethylene diamine disuccinic acid (EDDS). Chemosphere. 2010
Aug;80(8):901-7. doi: 10.1016/j.chemosphere.2010.04.077. Epub 2010 May
26. PMID: 20537682.

. Solhi M, Shareatmadari H, Hajabbasi M. Lead and zinc extraction potential of
two common crop plants, Helianthus annuus and Brassica napus. Water Air
Soil Pollut. 2005;167:59-71. https://bit.ly/3uy0263

.Wu CH, Wood TK, Mulchandani A, Chen W. Engineering plant-microbe
symbiosis for rhizoremediation of heavy metals. Appl Environ Microbiol.
2006 Feb;72(2):1129-34. doi: 10.1128/AEM.72.2.1129-1134.2006. PMID:
16461658; PMCID: PMC1392951.

. Chatterjee SK, Bhattacharjee |, Chandra G. Biosorption of heavy metals from
industrial waste water by Geobacillus thermodenitrificans. J Hazard Mater.
2010 Mar 15;175(1-3):117-25. doi: 10.1016/j.jhazmat.2009.09.136. Epub
2009 Oct 6. PMID: 19864059.

. Velasquez L, Dussan J. Biosorption and bioaccumulation of heavy metals on
dead and living biomass of Bacillus sphaericus. J Hazard Mater. 2009 Aug
15;167(1-3):713-6. doi: 10.1016/j.jhazmat.2009.01.044. Epub 2009 Jan 20.
PMID: 19201532.

.Jing YD, He ZL, Yang XE. Role of soil rhizobacteria in phytoremediation of
heavy metal contaminated soils. J Zhejiang Univ Sci B. 2007 Mar;8(3):192-
207. doi: 10.1631/jzus.2007.B0192. PMID: 17323432; PMCID: PMC1810380.

. Punamiya P, Datta R, Sarkar D, Barber S, Patel M, Das P. Symbiotic role of
Glomus mosseae in phytoextraction of lead in vetiver grass [Chrysopogon
zizanioides (L.)]. J Hazard Mater. 2010 May 15;177(1-3):465-74. doi:
10.1016/j.jhazmat.2009.12.056. Epub 2009 Dec 21. PMID: 20061082.

. Kuffner M, De Maria S, Puschenreiter M, Fallmann K, Wieshammer G,
Gorfer M, Strauss J, Rivelli AR, Sessitsch A. Culturable bacteria from Zn-
and Cd-accumulating Salix caprea with differential effects on plant growth
and heavy metal availability. J Appl Microbiol. 2010 Apr;108(4):1471-84. doi:
10.1111/j.1365-2672.2010.04670.x. Epub 2010 Jan 11. PMID: 20132372.

.Kraemer SM, Crowley DE, Kretzschmar R. Siderophores in plant iron
acquisition: geochemical aspects. Adv Agron. 2006;91:1-46.

.Jiang CY, Sheng XF, Qian M, Wang QY. Isolation and characterization of

SCIRES Literature - Volume 4 Issue 1 - www.scireslit.com Page - 049

2

-

22.

23.

24,

25.

2

o

27.

28

29.

30.

31.

32.

33.

34.

35.

36.

37.

a heavy metal-resistant Burkholderia sp. from heavy metal-contaminated
paddy field soil and its potential in promoting plant growth and heavy metal
accumulation in metal-polluted soil. Chemosphere. 2008 May;72(2):157-
64. doi: 10.1016/j.chemosphere.2008.02.006. Epub 2008 Mar 17. PMID:
18348897.

.Rajkumar M, Ma Y, Freitas H. Characterization of metal-resistant plant-

growth promoting Bacillus weihenstephanensis isolated from serpentine
soil in Portugal. J Basic Microbiol. 2008 Dec;48(6):500-8. doi: 10.1002/
jobm.200800073. PMID: 18785659.

Rajan S, Selvi Christy R. Experimental procedures in life sciences. Anjana
book press; Chennai: 2010. p. 265-275. https://bit.ly/2WzQD1u

Ahmadpour P, Ahmadpour F, Sadeghi S, Tayefeh FH, Soleimani M, Abdu
AB. Evaluation of Four Plant Species for Phytoremediation of Copper-
Contaminated Soil. Soil Remediation and Plants. 2015;147-205.

Washington JA, Sutter VL. Dilution tests procedures. In: Balows A, Hausler
WJ, Truant JP, Lennette EH, editors. Manual of clinical microbiology, American
Society for Microbiology; Washington D.C: 1981.p. 549-555.

Noori F, Etesami H, Najafi Zarini H, Khoshkholgh-Sima NA, Hosseini
Salekdeh G, Alishahi F. Mining alfalfa (Medicago sativa L.) nodules for salinity
tolerant non-rhizobial bacteria to improve growth of alfalfa under salinity
stress. Ecotoxicol Environ Saf. 2018 Oct 30;162:129-138. doi: 10.1016/j.
ecoenv.2018.06.092. Epub 2018 Jul 11. PMID: 29990724.

. Chowdhury SK, Mandal V. In vitro characterization of Bacillus sp. LBF-01 as

potent antifungal strain against some crop pathogenic fungi. Int J Sci Res.
2019;8(11):139-147. doi: 10.36106/ijsr

Sheng XF, Xia JJ, Jiang CY, He LY, Qian M. Characterization of heavy metal-
resistant endophytic bacteria from rape (Brassica napus) roots and their
potential in promoting the growth and lead accumulation of rape. Environ
Pollut. 2008 Dec;156(3):1164-70. doi: 10.1016/j.envpol.2008.04.007. Epub
2008 May 19. PMID: 18490091.

. Gordon SA, Weber RP. COLORIMETRIC ESTIMATION OF INDOLEACETIC

ACID. Plant Physiol. 1951 Jan;26(1):192-5. doi: 10.1104/pp.26.1.192. PMID:
16654351; PMCID: PMC437633.

Mehta S, Nautiyal CS. An efficient method for qualitative screening of
phosphate-solubilizing bacteria. Curr Microbiol. 2001 Jul;43(1):51-6. doi:
10.1007/s002840010259. PMID: 11375664.

Schwyn B, Neilands JB. Universal chemical assay for the detection and
determination of siderophores. Anal Biochem. 1987 Jan;160(1):47-56. doi:
10.1016/0003-2697(87)90612-9. PMID: 2952030

Chowdhury SK, Majumdar S, Mandal V. Biocontrol potential and growth
promotion capability of Bacillus sp. LBF-1 for management of wilt disease
of Solanum lycopersicum caused by Fusarium sp. Russ Agric Sci.
2020;46(2):139-147. doi: 10.3103/S1068367420020044

Kumar P, Sharma RK. Development of SPAD value-based linear models for
non-destructive estimation of photosynthetic pigments in wheat (Triticum
aestivum L.). Indian J Genet. 2019;79:96-99.

Chowdhury SK, Majumdar S, Mandal V. Application of Bacillus sp.
LBF-01 in Capsicum annuum plant reduces the fungicide use against
Fusarium oxysporum. Biocatalysis and Agricultural Biotechnology.
2020;27(2020):101714. doi: 10.1016/j.bcab.2020.101714

Lawrence J. Determination of total xanthophyll and marigold oleoresin. J
AOAC Int. 1990;2:970-975.

Mukherjee |, Chowdhury SK. Application of Endophytic plant growth-
promoting bacteria for sustainable crop production. Indian Journal of applied
Research. 2021;2(6). doi: 10.36106/ijar

Allen SE, Grimshaw HM, Rowland AP. Chemical analysis. In: Chapman SB.
(Ed.). Methods in Plant Ecology. Blackwell Scientifc Publications; Oxford-
London: 1976. 335-335.

Chiboub M, Jebara SH, Saadani O, Fatnassi IC, Abdelkerim S, Jebara M.
Physiological responses and antioxidant enzyme changes in Sulla coronaria



Scientific Journal of Biology a

38.

39.

40.

4

-

42.

43.

44,

45.

46.

47.

48.

49.

50.

inoculated by cadmium resistant bacteria. J Plant Res. 2018 Jan;131(1):99-
110. doi: 10.1007/s10265-017-0971-z. Epub 2017 Aug 14. PMID: 28808815.

Abou-Shanab RAIl, Mathai PP, Santelli C, Sadowsky MJ. Indigenous soil
bacteria and the hyperaccumulator Pteris vittata mediate phytoremediation
of soil contaminated with arsenic species. Ecotoxicol Environ Saf. 2020 Jun
1;195:110458. doi: 10.1016/j.ecoenv.2020.110458. Epub 2020 Mar 17. PMID:
32193021.

Abdelkrim S, Jebara SH, Saadani O, Abid G, Taamalli W, Zemni H, Mannai
K, Louati F, Jebara M. In situ effects of Lathyrus sativus- PGPR to remediate
and restore quality and fertility of Pb and Cd polluted soils. Ecotoxicol Environ
Saf. 2020 Apr 1;192:110260. doi: 10.1016/j.ecoenv.2020.110260. Epub 2020
Feb 9. PMID: 32050135.

Kotoky R, Nath S, Kumar Maheshwari D, et al. Cadmium resistant plant
growth promoting rhizobacteria Serratia marcescens S2I7 associated with
the growth promotion of rice plant. Environmental Sustainability. 2019;2:135-
144.

. Balseiro-Romero M, Gkorezis P, Kidd PS, Van Hamme J, Weyens N,
Monterroso C, Vangronsveld J. Use of plant growth promoting bacterial
strains to improve Cytisus striatus and Lupinus luteus development for
potential application in phytoremediation. Sci Total Environ. 2017 Mar 1;581-
582:676-688. doi: 10.1016/j.scitotenv.2016.12.180. Epub 2017 Jan 6. PMID:
28069305.

Dabrowska G, Hrynkiewicz K, Trejgell A, Baum C. The effect of plant
growth-promoting rhizobacteria on the phytoextraction of Cd and Zn by
Brassica napus L. Int J Phytoremediation. 2017 Jul 3;19(7):597-604. doi:
10.1080/15226514.2016.1244157. PMID: 27739900.

Yang X, Liu L, Tan W, Liu C, Dang Z, Qiu G. Remediation of heavy metal
contaminated soils by organic acid extraction and electrochemical adsorption.
Environ Pollut. 2020 Sep;264:114745. doi: 10.1016/j.envpol.2020.114745.
Epub 2020 May 6. PMID: 32416427.

Voica DM, Bartha L, Banciu HL, Oren A. Heavy metal resistance in halophilic
Bacteria and Archaea. FEMS Microbiol Lett. 2016 Jul;363(14):fnw146. doi:
10.1093/femsle/fnw146. Epub 2016 Jun 7. PMID: 27279625.

Jiang J, Pan C, Xiao A, Yang X, Zhang G. Isolation, identification, and
environmental adaptability of heavy-metal-resistant bacteria from ramie
rhizosphere soil around mine refinery. 3 Biotech. 2017 May;7(1):5. doi:
10.1007/s13205-017-0603-2. Epub 2017 Apr 8. PMID: 28391469; PMCID:
PMC5385178.

Etesami H. Bacterial mediated alleviation of heavy metal stress and
decreased accumulation of metals in plant tissues: Mechanisms and future
prospects. Ecotoxicol Environ Saf. 2018 Jan;147:175-191. doi: 10.1016/j.
ecoenv.2017.08.032. Epub 2017 Sep 14. PMID: 28843189.

Ma Y, Rajkumar M, Zhang C, Freitas H. Inoculation of Brassica oxyrrhina
with plant growth promoting bacteria for the improvement of heavy metal
phytoremediation under drought conditions. J Hazard Mater. 2016 Dec
15;320:36-44. doi: 10.1016/j.jhazmat.2016.08.009. Epub 2016 Aug 4. PMID:
27508309.

Etesami H, Alikhani HA, Hosseini HM. Indole-3-acetic acid (IAA) production
trait, a useful screening to select endophytic and rhizosphere competent
bacteria for rice growth promoting agents. MethodsX. 2015 Feb 20;2:72-8.
doi: 10.1016/j.mex.2015.02.008. PMID: 26150974; PMCID: PMC4487705.

Linu MS, Stephen J, Jisha MS. Phosphate solubilizing Gluconacetobacter
sp., Burkholderia sp. and their potential interaction with cowpea (Vigna
unguiculata L. Walp.). Int J Agric Res. 2009;4(2)79-87.

MaY, Oliveira RS, Freitas H, Zhang C. Biochemical and Molecular Mechanisms
of Plant-Microbe-Metal Interactions: Relevance for Phytoremediation.
Front Plant Sci. 2016 Jun 23;7:918. doi: 10.3389/fpls.2016.00918. PMID:
27446148; PMCID: PMC4917562.

SCIRES Literature - Volume 4 Issue 1 - www.scireslit.com Page - 050

5

a

52.

53.

54.

55.

5l

(o2}

5

N

5

©

59.

60.

6

=

62.

63.

64

65.

66.

67.

. Stevenson FJ, Cole MA. Cycles of soil: carbon, nitrogen, phosphorus, sulfur.

In: Micronutrients, second ed. Wiley; New York, USA: 1999.

Wood JL, Tang CX, Franks AE. Microbial associated plant growth and heavy
metal accumulation to improve phytoextraction of contaminated soils. Soil
Biol Biochem. 2016;103:131-137.

Rafique M, Haque K, Hussain T, Amna C, Javed H. Biochemical Talk in
the Rhizoshperic Microbial Community for Phytoremediation. 2017, Nova
Science Publishers. NY, ISBN. 978-1-53611-047-0.

Mahmood T, Islam KR, Muhammad S. Toxic effects of heavy metals on early
growth and tolerance of cereal crops. Pakistan J Bot. 2007;39(2):451.

Ahmad MS, Ashraf M. Essential roles and hazardous effects of nickel in
plants. Rev Environ Contam Toxicol. 2011;214:125-67. doi: 10.1007/978-1-
4614-0668-6_6. PMID: 21913127.

. Pourrut B, Shahid M, Dumat C, Winterton P, Pinelli E. Lead uptake, toxicity,

and detoxification in plants. Rev Environ Contam Toxicol. 2011;213:113-36.
doi: 10.1007/978-1-4419-9860-6_4. PMID: 21541849.

.Nyitrai M, Szent-Gyoérgyi AG, Geeves MA. A kinetic model of the co-

operative binding of calcium and ADP to scallop (Argopecten irradians)
heavy meromyosin. Biochem J. 2002 Jul 1;365(Pt 1):19-30. doi: 10.1042/
BJ20020099. PMID: 12071838; PMCID: PMC1222655.

. Jaleel CA, Jayakumar K, Chang-Xing Z. Igbal M. Low concentration of cobalt

increases growth, biochemical constituents, mineral status and yield in Zea
Mays. J Sci Res. 2009;1:128-137. Doi: 10.3329/jsr.v1i1.1226

Sharma P, Dubey RS. Lead toxicity in plants. Braz. J. Plant Physiol.
2005;17:35-52. doi: 10.1590/S1677-04202005000100004

Dogan M, Saygideger SD, Colak U. Effect of lead toxicity on aquatic
macrophyte Elodea canadensis Michx. Bull Environ Contam Toxicol. 2009
Aug;83(2):249-54. doi: 10.1007/s00128-009-9733-5. Epub 2009 May 12.
PMID: 19434355.

.Tanaka A, Ito H, Tanaka R, Tanaka NK, Yoshida K, Okada K. Chlorophyll

a oxygenase (CAO) is involved in chlorophyll b formation from chlorophyll
a. Proc Natl Acad Sci U S A. 1998 Oct 13;95(21):12719-23. doi: 10.1073/
pnas.95.21.12719. PMID: 9770552; PMCID: PMC22897.

Dutta P, Karmakar A, Majumdar S, Roy S. Klebsiella pneumoniae (HR1)
assisted alleviation of Cd (Il) toxicity in Vigna mungo: a case study of
biosorption of heavy metal by an endophytic bacterium coupled with plant
growth promotion. Eur Med J Environ Integ. 2018;3(1):27.

Rizvi A, Khan MS. Heavy metal induced oxidative damage and root
morphology alterations of maize (Zea mays L.) plants and stress mitigation by
metal tolerant nitrogen fixing Azotobacter chroococcum. Ecotoxicol Environ
Saf. 2018 Aug 15;157:9-20. doi: 10.1016/j.ecoenv.2018.03.063. Epub 2018
Mar 30. PMID: 29605647.

. Madhaiyan M, Poonguzhali S, Sa T. Metal tolerating methylotrophic bacteria

reduces nickel and cadmium toxicity and promotes plant growth of tomato
(Lycopersicon esculentum L). Chemosphere. 2007 Sep;69(2):220-8. doi:
10.1016/j.chemosphere.2007.04.017. Epub 2007 May 23. PMID: 17512031.

Rajkumar M, Ma Y, Freitas H. Improvement of Ni phytostabilization by
inoculation of Ni resistant Bacillus megaterium SR28C. J Environ Manage.
2013 Oct 15;128:973-80. doi: 10.1016/j.jenvman.2013.07.001. Epub 2013 Jul
27. PMID: 23895909.

Pandey N, Bhatt R. Role of soil associated Exiguobacterium in reducing
arsenic toxicity and promoting plant growth in Vigna radiata. Eur J Soil Biol.
2016;75:142-150. doi: 10.1016/j.ejsobi.2016.05.007

Das J, Sarkar P. Remediation of arsenic in mung bean (Vigna radiata) with
growth enhancement by unique arsenic-resistant bacterium Acinetobacter
Iwoffii. Sci Total Environ. 2018 May 15;624:1106-1118. doi: 10.1016/j.
scitotenv.2017.12.157. Epub 2017 Dec 27. PMID: 29625525.



