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Abstract: High chromium (Cr) toxicity has turned into a serious environmental concern. Cr contaminated
agronomic soils negatively affect the growth and yield of crops. Current research was conducted to enhance the
phytoextraction potential of maize by using Burkholderia vietnamiensis and citric acid (CA). Plants were subjected
to three concentrations of Cr (0.86, 350, and 500 ppm). A pot experiment was conducted under greenhouse conditions
with completely randomized design (CRD). After 72 days of experiment, plants were harvested to analyze the
morphological and biochemical attributes of soil, bacteria and plant. Results revealed that plant fresh, dry biomass,
root, shoot length and chlorophyll contents significantly increased by 56%, 50%, 58%, 78% and 60%, respectively,
at 500 ppm Cr concentration in combine treatment of B. vietnamiensis and CA. Maize plants treated with both
B. vietnamiensis and CA significantly increased the bioaccumulation (BA) of Cr up to 50% and translocation factor
(TF) by 31%. Furthermore, superoxide dismutase (SOD), proline and peroxidase dismutase (POD) activities in leaves
were markedly increased by 30%, 42% and 15%, respectively, when treated with CA. Current study reveals that
exogenous co-application of B. vietnamiensis + CA enhance plant growth by alleviating heavy metal stress and
accelerate the phytoextraction of Cr. Taking into account the heavy metal tolerance and accumulation capacity, Zea

mays is suitable for phytoremediation of contaminated soils in combination with B. vietnamiensis and CA.

Introduction

Economy of third world countries like Pakistan, India, Brazil,
Bangladesh, and Sri Lanka is dependent on agriculture setup
(Ramos et al. 2002). Irrigation of agricultural fields with
industrial wastewater is a common practice nowadays, as
it overcomes the need of water, nutrients and minerals that
directly increase the plant growth (Ensink et al. 2004, Yasmeen
et al. 2014). This practice results in deposition of toxic wastes
in open agriculture fields without any appropriate remediation
or recovery methods (Scholz and Lucas 2003). Certain metals
and metalloids, such as chromium, arsenic, lead, copper, zinc,
cadmium, mercury and nickel are constantly being added to
agricultural soils either by irrigation system or waste disposal
(Baran and Wieczorek, 2015:Khan 2005) that pose threat to
food safety and also potential health risks (Ali et al. 2015a). Cr
(VD) is on the 17th position among other hazardous substances
(ATSDR 2015). Under normal conditions, Cr concentrations
in soil remain lower than the toxic levels (1ppm), while in
some cases this concentration exceeds 5 ppm (Zayed and Terry
2003). Cr exists in two stable forms, i.e. Cr (VI) and Cr (III).

The former is considered as the most hazardous to all life forms,
while the latter is an essential component of human balanced
diet (Yu et al. 2016). The requirement of Cr as a nutrient for
plants is about 0.5 to 5.0 ppm g however, 5 to 100 ppm g Cr
in soil is considered toxic (Ali et al. 2015a). Over-accumulation
of Cr causes certain phytotoxic effects in plants that lead to
DNA damage, metabolism inhibition, chlorosis, delayed seed
germination, premature leaf falling, low crop yield and loss of
enzymatic activities (Gill et al. 2015, Yu et al. 2016). Cr is also
considered toxic to animals and humans, leading to a variety
of health problems due to carcinogenic and mutagenic effects
(Yu et al. 2016).

Increased Cr phytotoxicity in soil is receiving great
attention in public as well as scientific community (Yafiez
and Rodrigo 2002). Its remediation is necessary to overcome
the persistent effects caused by the leaching of this metal.
Bioremediation technology and various in-situ physicochemical
methods have been recommended in the last three decades.
However, most of the conventional methods (physicochemical
methods) are expensive, time-consuming, limited to relatively
small areas, alter the physical, chemical and biological soil
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properties and last but not the least produce secondary pollutants
(Wuana and Okieimen 2011). These limitations have prompted
the scientific community to develop cheaper and alternative
techniques to decontaminate the soils. A possible strategy to
cope with Cr contamination, known as phytoremediation, in
which plants are used to remediate contaminated soils and to ease
the improvement of soil texture, was formulated a decade ago.
Phytoremediation is use of plants and associated soil microbes
to reduce the concentration or toxic effects of contaminants
in the environment (Markowicz et al. 2016). It offers a long
term, natural, viable, and economic alternative to all other
conventional strategies. Of all the phytoremediation approaches,
phytoextraction is a technique in which toxic metals are taken
up from the soil via roots and translocated to above-ground parts
of the plants (Rafati et al. 2011). Phytoextraction is a relatively
slow and steady process as it takes ample time to reduce metal
contents to an acceptable level within a limited time frame,
most probably due to the slow growing and small sized metal
hyperaccumulator plants. To overcome these limitations, some
improvements have been made in the last few years that increase
the bioavailability of heavy metals. Use of fast growing natural or
genetically modified hyper accumulating plants with extensive
root system, proper chelating agent, or augmentation of microbes
plays an important role in addition with above mention method
(Ullah et al. 2015). Soil amendments with metal chelating agents
like Ethylene Diamine Triacetic Acid (EDTA), Hydroxyethylene
diaminetriacetic acid (HEDTA), Diethylenetriamine Pentaacetic
Acid (DTPA), Ethylene Glycol Tetraacetic acid (EGTA),
Hydroxylamine, Citrate and Nitrilotriacetic (NTA) enhance the
bioavailability and absorbance of heavy metals by plant roots.
These measures are worth considering with the probability of
success lying underneath (Khan et al. 2000).

Rhizobacteria with heavy metal tolerance and plant growth
promotion are potential candidates to inhabit the rhizosphere,
penetrate the roots and activate certain plant tolerance
mechanisms against various environmental stresses (Akram et
al. 2016). Staphylococcus arlettae strain Crll promoted plant
growth by reduction of Cr (VI) to less toxic form (Sagar et
al. 2012). Staphylococcus sciuri strain SAT-17 exhibited plant
growth promoting properties such as indole-3-acetic acid
production, phosphate solubilization, and deaminase activity of
1- aminocyclopropane-1-carboxylic acid. (Akram et al. 2016).
Further, it reduced the production of reactive oxygen species,
enhanced antioxidant enzyme activity and increased biomass
of Zea mays plants under heavy metal stress. Indole acetic acid
production by Pseudomonas and Acinetobacter strains, leads
to improved growth and eventually enhanced metals uptake by
crop plants (Jankowski et al. 1995). Burkholderia cepacia, an
antagonistic PGPR, is also used for bioremediation of heavy
metals. Additionally, many other Burkholderia species such as
B. vietnamiensis make strong association with plants to harness
plant roots, stem and leaves by fixing atmospheric nitrogen and
protect the plants from biotic and abiotic stresses (Khan 2005).

Current pot experiment was conducted to investigate
the alone and combine effects of B. vietnamiensis strain
FY92 and citric acid to enhance Z mays growth and its
bioaccumulation potential under Cr stress. Indeed, this is
the first report explaining the physiological responses of
Z. mays in association with B. vietnamiensis along with CA.
This study will evoke attention towards the establishment of
long-term plans which will involve synergistic microbial and

chelate assisted phytoremediation technique for the effective
remediation of Cr-affected soils.

Materials and methods

Experimental work

A completely randomized design (CRD) pot experiment
was conducted to investigate the synergistic effects of
B. vietnamiensis and CA on the growth and Cr uptake of
the maize plant. The experiment was consisted of four
treatments, untreated soil (Control), inoculated with bacteria
(T1), inoculated with bacteria and chelator (T2), and treated
with chelator (CA, 5 mmol kg') (T3). The experiment was
performed in triplicate for each treatment. Eight surface-
-sterilized seeds were placed in each pot measuring 13x11 cm?
filled with 1.5 kg autoclaved soils at a depth of 2 cm (Chen et
al. 2013, Khan and Bano 2016). Thinning of plants was done to
5 plants per pot after two weeks of germination and the plants
were carefully watered (50 ml) on the daily basis (Chen et al.
2013). The Cr solution of concentration (500 ppm) was applied
after two weeks of seed germination then continued at one-
-week interval. However, 5 mmol kg' of CA was applied after
one week of Cr treatment.

Chemical characteristics of soil

Soil samples were collected from Ittechad Steel Re-Rolling
Mills, Islamabad (33.7167°N, 73.0667°E) and Quaid-i-Azam
University, Islamabad (33.7472°N, 73.1389°E). These soil
samples were analyzed for their physiochemical characteristics
such as soil pH (McLean, 1982), soil organic matter (Nelson
and Sommers, 1982), and electrical conductivity (EC)
(McLean, 1982). The analysis for macro-nutrients, i.e.,
Nitrate-Nitrogen (Estefan et al. 2013), Potassium (K) (Estefan
et al. 2013) and Phosphorus (P) (Nguyen et al. 1992, Qureshi
et al. 2012) was also done. Quantification of Cr in samples was
done by atomic absorption spectrophotometer (AAS). All data
for physiochemical characterization and nutrient analysis is
presented in Table 1.

Table 1. Physiochemical properties and nutritional state
of the experimental soil S2. (Industrial site).

Properties soil

Soil texture Loam

Soil pH 7.28

Soil EC (dS m'") 0.35

Organic matter (%) 0.711

Total K** 27.29 (ppm)
Total mg** 71.11 (ppm)
Total Ca** 673.15 (ppm)
Total Fe 133.67 (ppm)
N 13.24 (ppm)
P 10 (ppm)
Reference soil Cr 0.869 (ppm)
Industrially contaminated soil (Cr) 130 ppm
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Seed sterilization and microbial inoculation

Seeds of Z. mays (advance germplasm line: Islamabad Gold)
were obtained from National Agriculture Research Center
(NARC), Islamabad, Pakistan. Surface sterilization of seeds
was done with 75% ethanol for 5 min followed by HgCl,
(0.1%) for 1 min. Subsequently, the seeds were washed three
to five times with autoclaved distilled water (Akram et al.
2016).

The bacteria, B. vietnamiensis FY92 was taken from
Plant-Microbe Interactions Lab, Department of Plant Sciences,
Quaid-i-Azam University, Islamabad. The 16S rRNA gene
sequencing was submitted to NCBI with the accession
number of B. vietnamiensis (KR025475). B. vietnamiensis
inoculum was prepared in separate 250 ml flasks containing
100 ml of sterilized LB broth and incubated in a shaker
incubator at 120 rpm at 37°C for 48 hrs. The culture was
then centrifuged at 10000 rpm for 15 min and washed twice
with sterile distilled water. For bacterial inoculation, seeds
were soaked in bacterial suspension adjusted to OD,,=1.000
[103-10° colony-forming units (CFU) mL"] or in sterilized
water for control and subsequently planted in plastic pots
(Chen et al. 2013).

Soil samples were dried, ground, mixed well and sieved
by passing through sterilized 2-mm mesh. The pots were filled
with sterilized soil for sowing maize seeds with different
treatments.

Reclamation of inoculated bacteria

The presence of B. vietnamiensis was verified from roots and
shoots using the method of Qin et al. 2014 and Luo et al. 2011
in inoculated plants as well as its absence in non-inoculated
plants. The inoculated maize Islamabad variety Gold plants
after 72 days were sterilized and cut into 0.2x0.5 cm small
sections, respectively. Then, the samples were plated onto
nutrient agar media and incubated for 2-5 days at 28°C. The
colonies were identified for their morphological characteristics
and compared with the original inoculated strains. (Qin et al.
2014, Luo et al. 2011).

Plant analysis

Morphological parameters

Z. mays plants were harvested after 72 days of sowing. The
plants were carefully removed from the pots, and roots were
washed several times with distilled water. Morphological
parameters such as plant height, shoot root length, fresh and
dry weight were measured.

Photosynthetic pigments test Chlorophyll fluorometer
Photosynthetic efficiency was analyzed using a portable plant
efficiency analyzer Pocket Pea (HansaTech Instruments,
PPEA-130016). The applied fluorometer automatically
calculated and displayed a value for the fluorescence parameter
Fv/Fm (Martina).

Photosynthetic pigments

The photosynthetic pigments were extracted as described
by (Sumanta et al. 2014). The equations for chlorophyll a,
chlorophyll b and carotenoids are as follows:

Chlorophyll a= 1.07 (OD 663) — 0.09 (OD 645)

Chlorophyll b=1.77 (OD 645) — 0.28 (OD 663)

Carotenoids= OD 470 * 4

Antioxidant activities

Superoxide dismutase (SOD) and Peroxidase activities (POD)
were noted according to the methods of Bano and Bhatt (2010)
Reddy et al. (1995), respectively.

Proline test
The proline contents of maize leaves were determined by the
methods of Bates et al. (1973) and Khan and Bano (2016).

Metal analysis of plants by wet acid digestion method
Plant nutrient analysis and metal uptake were determined by
wet acid digestion (Wan et al. 2012). 1 g dried plant material
was transferred to 100 ml flask after fine grinding with pestle
and mortar. Then, 10 ml Nitric-Perchloric acid (HNO,-HCIO,,
at 3:1 ratio) was supplemented to plant material in the flask
and left overnight. After the initial digestion, the flasks with
the material were then transferred to the fume hood, and
the temperature was raised to 70°C for 60 minutes. The
temperature was steadily raised until the brown fumes turned
into white fumes. The mixture was then permitted to cool for
a few minutes and diluted carefully with distilled water. The
extract was then filtered through filter paper (Whatmann No.
42) and the volume of filtrate was raised up to 50 ml with
distilled water. Filtered samples were then used to determine
the concentrations of desired metal, i.e. Cr and other macro-
-elements by flame atomic absorption spectrometry (Varian
FAAS-240, Triad Scientific and New Jersy, USA) (Khan and
Bano 2016).

Calculation of bioaccumulation coefficients (BAC),
bioconcentration factor (BCF) and translocation
factor (TF)

The bioaccumulation factor and bioconcentration factor
provide an index of the ability of the shoots and roots to
accumulate the metal with respect to the metal concentration
in the soil (Anwer et al. 2012, Malik et al. 2010, Putwattana et
al. 2015). The translocation factor was calculated accordingly
(Ahmad et al. 2015).

Statistical analysis

The experimental data obtained in this study were analyzed
statistically using statistics software (STATISTICA version.
8.1). Two-way analysis of variance (ANOVA) was used
to determine the significant differences among the means
based on Fisher’s least significant difference (LSD)
procedure. Correlation coefficients and dendrograms were
also obtained to study the interrelationship of the measured
parameters.

Results

Chemical characteristics and nutrient analysis

of soil

Basic chemical characteristics and nutrient analysis of soil
are given in Table 1. The organic matter of reference soil was
0.711%. Reference soil was slightly acidic with pH of 7.28,
and EC values were 0.35 (dS m'). Nitrate-N and phosphorous
were 13.24 and 10 ppm, respectively. The concentrations of
K**, Ca™, and Fe for reference soil were 27.29, 71.11, 673.15
and 133.67 ppm, respectively. Heavy metal analysis of the two
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soils showed higher concentration of Cr in the industrially
contaminated soil (S2 soil). However, Cr concentrations for
reference soil and S2 soils were 0.869 ppm and 130.25 ppm,
respectively as shown in Table 1.

Morphological and biochemical analysis of plant
Plant biomass was significantly influenced by the application
of B. vietnamiensis and citric acid. The morphological
attributes such as root and shoot length, and fresh and dry
weight were enhanced in plants with combined treatment of
B. vietnamiensis + citric acid as compared to non-inoculated
(Table 2). In the normal (reference) soil, the synergistic
effect of B. vietnamiensis + citric acid significantly increased
root and shoot length, and fresh and dry weight followed by
increase in these morphologic attributes with the application
of B. vietnamiensis (T1) and citric acid (T3) as compared to
its control (Table 2). In Cr spiked (S1) soil, B. vietnamiensis
(T1) considerably amplified shoot length, fresh and dry
weight after T2 except for root length that was enhanced by
T3. In S2 soil, shoot length, and fresh and dry weight were
enhanced by T2 as compared to its control, whileT3 enhanced
root length. Interestingly, the combined application of
B. vietnamiensis and citric acid (T2) significantly increased
shoot length, and fresh and dry weight compared to the
control in different soil samples, thus IT showed maximum
growth as compared to the solitary treatment of bacteria
or CA. The solitary treatment of CA, however, increased
root length in all soil samples. In general, inoculated plants
showed better growth than non-inoculated or CA-treated
plants under control and Cr contaminated soils. The pattern
observed for enhanced plant growth and biomass was
T2>T1>T3>C.

Photosynthetic pigments

An Fv/Fm value of less than 0.8 shows that the photosynthetic
robustness of the plant is compromised due to Cr uptake
(Table 2). The photosynthetic pigments were reduced in
industrial contaminated as well as Cr treated soil. A significant
decline in chlorophyll content was recorded in plants grown
on contaminated soils compared to the plants in reference
soil. However, (T1) and (T2) effectively increased chlorophyll
contents of plants relative to control. Moreover, treated plants
showed the highest chlorophyll content in all soil samples,
though the chlorophyll contents were reduced in CA-treated
plants. Like plant biomass, T1 and T2 showed the maximum
increase in chlorophyll contents under Cr contaminated soil
(Table 2).

Antioxidant enzymes

Treatment with CA (T3) increased the SOD activity by 47%
compared to control (untreated) soil (Fig. 1, 2). Similarly,
the POD activities increased by 75% with the increase in Cr
concentration relative to control soil. The inoculation with B.
vietnamiensis increased the SOD and POD of maize leaves in
Cr spiked soil (S1). The response of B. vietnamiensis, and CA
treatment (T2) on maize was variable. Combination of both
increased the SOD activity by 4.1% in heavy metal treated
plants as compared to control (Figs 1 and 2).

Proline content

Proline contents of Z. mays enhanced with an increase in metal
concentrations in various soil samples (Fig. 3). Plants treated
with CA had higher proline content than B. vietnamiensis
inoculated and non-inoculated plants. CA treated plants
enhanced proline content up to 28.87%,23.75%, and 16.48% for

Table 2. Effect of bacterial isolate Burkholderia vietnamiensis on different growth parameter of Zea mays plant under citric acid (CA)
and bacterial inoculated treatments

Reference Soil Agricultural soil of QAU*
Treatments | Shoot Length | Root Length | Fresh Weight | Dry Weight Chloro a Chloro b Carotenoids
Control 41.0710.41 27.04+0.03 5.10+0.02 5.422+0.02 17.030.01 9.05+0.01 5.04+0.01
T1 52.17+0.03 28.13+0.13 12.03+0.00 11.49+0.05 18.4410.20 12.11+0.03 5.06+0.01
T2 57.43+0.04 29.01+0.02 16.01+0.00 12.3310.01 7.92+0.02 6.65+0.01 3.02+0.00
T3 51.05+0.03 30.35+0.33 11.26+0.01 16.12+£1.03 10.18+0.04 5.02+0.00 2.03+0.00
S1 Agricultural soil of QAU spiked with 500 mg kg-1
Treatments | Shoot Length | Root Length | Fresh Weight | Dry Weight Chloro a Chloro b Carotenoids
Control 9.1340.03 10.27 £0.01 2.1340.01 5.80+0.04 14.131£0.04 4.13+0.02 2.58+0.01
T1 38.05+0.03 22.09 £0.32 7.04+0.00 2.76+0.01 19.81+0.03 6.62+0.02 4.19+0.02
T2 42.0410.03 23.07+ 0.03 8.86+0.01 7.24+0.0 17.08+0.03 6.12+0.03 3.31+0.00
T3 36.15+0.03 24.03 +0.03 5.80+0.04 1.36+0.02 11.65+0.04 1.1710.01 2.34+0.04
S2 Industrial soil
Treatments | Shoot Length | Root Length | Fresh Weight | Dry Weight Chloro a Chloro b Carotenoids
Control 7.050.01 3.46+0.03 0.30+0.04 0.30+1.34 11.80+0.05 4.19+0.05 2.17+0.03
T1 11.2140.01 4.04+0.32 0.10£0.02 0.08+0.11 16.07+0.01 10.76+0.01 4.35+0.05
T2 15.00£0.00 5.18+0.02 1.211+0.03 0.42+0.07 12.02+0.00 7.57+0.03 2.31+0.05
T3 10.11+0.03 8.03+0.03 0.42+0.06 0.10+0.21 8.049+0.00 3.91+0.04 2.16+0.02

Growth was measured at 72 days after seed germination under three different soil conditions. SL — shoot length, RL — root length, FW — fresh weight,
DW — dry weight, Chloro — Chlorophyll. The values are mean +SD (n = 3) at p < 0.05 (LSD test in two-way ANOVA)
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Fig. 1. Total plant length of Zea mays L. in different soil.
Results are shown as mean + SEM (n = 3). Error bars show
standard error. Means with different letters are statistically
different at p < 0.05 (LSD test in two-way ANOVA)

Fig. 2. Shoot length and root length of Zea mays L. in
different soil. Results are shown as mean + SEM (n = 3). Error
bars show standard error. Means with different letters are
statistically different at p < 0.05 (LSD test in two-way ANOVA)
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Fig. 3. Fresh and dry weight of Zea mays L. in different soil.
Results are shown as mean + SEM (n = 3). Error bars show
standard error. Means with different letters are statistically
different at p < 0.05 (LSD test in two-way ANOVA)

reference, S1, and S2 soils, respectively. Moreover, the highest
proline was expressed with T3 in each soil. The maximum
proline contents for T3 were observed as 20.26, 19.16 and
20.13 pg/g for reference, S1, and S2 soils, respectively. The
increasing order of proline content was T3 > T1 > T2 > C.

Bioaccumulation coefficient (BAC),

bioconcentration factor (BCF) and translocation
factor (TF)

Increased accumulation of heavy metals was observed in tissues
of Z. mays with the elevated levels of metals in the soil (Table
3). Higher concentration of metals was observed in roots of
Z. mays than in shoots except in normal soil. In the shoot, 94.23%
of increased Cr accumulation was observed in comparison to
uninoculated plants. Although the much higher concentration
of heavy metals was found in roots, a significant amount of
metals was still observed to be accumulated in shoots. Unlike
biomass, the effect of CA on metal uptake was greater than the
application of B. vietnamiensis in normal soil. In comparison
with inoculated plants, CA increased the accumulation of Cr
by 74.06%. Furthermore, higher accumulation was detected
in CA-treated plants followed by highest accumulation of Cr
in plants inoculated with B. vietnamiensis + CA. Likewise,
higher accumulation of Cr was observed in inoculated and

citric acid treated plants compared to the un-inoculated and
untreated plants in soil S1 and S2 soil. Results of the current
study revealed the co-application of B. vietnamiensis, and CA
as the most effective approach for the accumulation of Cr in
plant organs. Highest BAC values of Cr noted for reference, S1
and S2 were 3.32, 2.24 and 4.09, respectively (Table 3). The
pattern for BAC values was S2 > reference soil > S1. Similar
to BAC, the maximum values for BCF were also obtained.
BCF is an effective indicator of the efficiency of a plant for the
accumulation of heavy metals (Table 3). The highest root BCF
values for Cr were noted as 1.99, 1.15 and 1.18 in different
soil (Table 3). The descending order of root BCF values was
reference soil > S2 > S1. TF describes the ability of a plant in
translocating the elements from root to shoot of a plant. The TF
values for Cr varied in all the contaminated soils used for the
experiment. The maximum TF values found for Cr were 5.2,
1.9 and 1.3 (Table 3). The order for TF values was observed as
reference soil > S1 > S2.

Correlations and dendograms

for the interrelationship of measured parameters
Table 4 in Reference Soil (Agricultural soil of QAU) shows the
Pearson’s correlation coefficients for the measured parameters
at p> 0.05 level. The Inoculation of PGPE showed significantly
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Table 3. Bioaccumulation coefficient, bioconcentration and translocation factor of Zea mays L. under three different soil conditions

Reference Soil Agricultural soil of QAU*
Treatments BAC BCF TF
Control 0.743+ 0.00042 0.503+ 0.0047 0.372+ 0.0008
T1 1.214+ 0.00047 1.119+ 0.0151 1.0855+ 0.0144
T2 2.618+ 0.01809 1.953+ 0.0074 1.703+ 0.0027
T3 3.327+ 0.01815 1.996+ 0.0033 1.203+ 0.0767
S1 Agricultural soil of QAU spiked with 500 mg Cr kg
Treatments BAC BCF TF
Control 1.014+ 0.002 1.021+ 0.004 0.993+ 0.002
T1 1.755+ 0.006 1.150+ 0.003 1.317+ 0.001
T2 2.249+ 0.004 1.333+ 0.005 1.956+ 0.004
T3 1.351+ 0.001 1.054+ 0.005 1.282+ 0.007
S2 Industrial soil
Treatments BAC BCF TF
Control 1.283+ 0.0027 0.765+ 0.0005 0.848+ 0.0004
T1 3.286% 0.0092 1.179+ 0.0006 1.125+ 0.0028
T2 4.090+ 0.0134 1.180+ 0.0007 1.306+ 0.0010
T3 2.718+ 0.0188 0.889+ 0.0022 0.848+ 0.0005

Table 4. Pearson’s correlation coefficients showing the significant correlations among the measured parameters at p=0.05

Variables Shoot Length | Root Length | Fresh Weight | Dry Weight Soil Cr Root Cr Shoot Cr
Ref Shoot Length
S1 Shoot Length
S2 Shoot Length
Ref Root Length 0.618
S1 Root Length 0.973*
S2 Root Length 0.201
Ref Fresh Weight 0.998** 0.592
S1 Fresh Weight 0.957* 0.869
S2 Fresh Weight 0.756 0.193
Ref Dry Weight 0.722 0.964* 0.689
S1 Dry Weight -0.216 -0.395 0.069
S2 Dry Weight 0.35 -0.321 0.802
Ref Soil Cr 0.631 0.972* 0.618 0.893
S1 Soil Cr 0.826 0.681 0.954* 0.353
S2 Soil Cr 0.974* 0.253 0.596 0.134
Ref Root Cr 0.826 0.93 0.817 0.908 0.958*
S1 Root Cr 0.691 0.526 0.87 0.551 0.974*
S2 Root Cr 0.865 -0.091 0.366 0.052 0.919
Ref Shoot Cr 0.984* 0.681 0.987* 0.74 0.725 0.89
S1 Shoot Cr 0.758 0.638 0.895 0.455 0.949 0.967*
S2 Shoot Cr 0.906 -0.229 0.637 0.446 0.869 0.917

*, **and *** for p £ 0.05, £ 0.01, £ 0.001, Respectively

Ref: Soil Agricultural soil of QAU, S1: Agricultural soil of QAU spiked with 500 ppm

, S2: Industrial sail.
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strong correlations with most of the studied parameters. Root
length showed significantly positive correlation with most
of the parameters especially Dry Weight (r=0.998), and soil
Cr (r=0.972). Shoot length positively correlated with Shoot
Cr (0.984) and Plant Fresh Weight (r=0.998). Plant Fresh
Weight also has a strong positive correlation with Shoot Cr
(r=0.987). Similarly, Soil Cr has a positive correlation with
root Cr (r=0.958) under reference soil. Under the conditions
of soil 1, shoot length has a strong positive correlation with
root length (r=0.973) and Plant fresh weight (r=0.957). Root
Cr has a positive correlation with soil Cr (r=0.974) and Shoot
Cr (r=0.967). Further, soil Cr has a positive correlation with
fresh plant weight (r=0.954). Under the conditions of soil 2,
a significant positive correlation of shoot length was noted
with amount of Cr in soil (r=0.974).

Discussion

Chromium (Cr) toxicity is one of the most lethal environmental
issues that hinder plant growth and contaminates the food
chain (Ali et al. 2015b). Phytoremediation is an affordable
environmental strategy to lessen the Cr concentration in
contaminated soils and offers a sustainable alternative to get
rid of heavy metals from soil (Ali et al. 2013b). For efficient
phytoextraction of heavy metals, native flora has been screened
(Khan etal. 2014). The tolerance capacity of each plant depends
upon its species, or genotype and the surrounding heavy
metal concentration (Leitenmaier and Kiipper 2013). The first
parameter to select for bacterial isolate as a potential candidate
is to evaluate its tolerance towards certain concentration of
heavy metals, which quantitatively is considered as up to
500 ppm generally, an isolate exhibited more than one plant
growth-promotion characteristic. Plant growth-promoting
bacteria directly or in-directly have the capability to enhance
heavy metals uptake by plants through various mechanisms.
(Glick 2010).

In addition to a normal outlook of plants in response to
abiotic stress, certain morphological and agronomic criteria
like shoot and root length as well as fresh and dry weight
of the plants are needed to be analyzed to convincingly
conclude if a plant is tolerant to the stress or not. Rogers et
al. (2012) reported that the root length markedly increased
by CA application under Cr stress. Our findings revealed
that properties of plant growth and biomass were remarkably
declined with enhanced supply of Cr in the soil. It is possible
that this decline in plant growth results from some ultra-
-structural modifications in different plant organs (Gill et al.
2015). The application of CA resulted in more root length than
the application of bacteria only in a Cr-stressed soil (Table 2).
The decrease in biomass was suggested to be possible because
of such factors as chelate-induced metal mobility, chelate
toxicity or toxicity of chelate-metal complex. Previously under
Cr stress, reduction in morphological parameters of wheat and
other plant species was observed (Gill et al. 2015). Moreover, it
has been already reported that shoot growth has stunted by the
increased Cr concentration (Faisal et al. 2005). Enhancement
or decline in growth and biomass with CA application can
be traced by analyzing the genetic diversity of plant species,
environmental conditions, the application time of CA, and
exposure time to stress. In comparison with control treatments
alone, the application of B. vietnamiensis, and CA significantly

increased plant biomass and shoot length (Table 2). This
enhancement in biomass may be either due to decreased Cr
uptake or increased nutrient uptake. More work, however, still
needs to be done to unravel this mechanism. It is also known
that addition of heavy metal like Pb affects root and shoot
growth of Zea mays L (Hussain et al. 2013). Nevertheless, the
plant grew better when diazotroph was used in combination
with heavy metals. Our results are in agreement with previous
studies (Paungfoo-Lonhienne et al. 2014), which reported that
inoculation of plants with B. vietnamiensis strains promoted
plant growth and subsequently increased shoot biomass.
Plant growth promotion by Burkholderia species is attributed
because of biological nitrogen fixation (BNF), combined heavy
metal tolerance capability or other plant growth promoting
mechanism. Plant-microbe interaction, therefore, has high
potential to be exploited for phytoremediation efficiency of
polluted soil (Naveed et al. 2014).

Photosynthetic pigments of Zea mays become reduced
with increased Cr concentrations (Table 2). Previous reports
support our results that increased Cr concentrations reduced the
photosynthetic pigment contents in various plant species (Gill
et al. 2015). The decrease in chlorophyll content is assigned to
both direct and indirect factors, like inhibition of chloroplast
ultrastructure modifications and decline/decomposition of
photosynthetic pigments via acceleration of the chlorophyllase
activity (Hegediis et al. 2001) (Gill et al. 2015). Variation in
gas exchange parameters (Ali et al. 2011), decomposition of
chlorophyll and decrease in carotenoid contents were higher
when treated with heavy metal especially in un-inoculated, and
CA-treated plants (Table 2).

The best self-defense mechanism in heavy metal-stressed
plants is the activation of antioxidant enzymes. The production
of SOD and POD in metal-treated plants relates to the findings
of (Alietal. 2015), where increased antioxidant enzyme activity
was observed as compared to control when Cr contaminated
soils were amended with CA. (Figures 1, 2, 3). In plants this
overexpression of antioxidant enzymes depends upon exposure
to Cr stress, and might be an effective way for plants survival
with the capability of increased metal accumulation. (Haouari
et al. 2012). It is logical that the inherent capability of plants
to quench the excessive oxidative burst under intense Cr stress
is not enough until it is supplemented with the exogenous
application of CA to cope with metallic stress (Mishra and
Koehler 2006, Meng et al. 2009). Our results showed that
Z. mays treated with CA scavenged the oxidative stress via
enhancing the antioxidant enzymatic activity.

In the present study, plants treated with CA contained
significantly enhanced Cr uptake. CA application has
enhanced the uptake of Cr in different parts of the plant
(Table 3) (Gill et al. 2015). It is noticed that the accumulation
of Cr in Z. mays directly depends upon the available amount
of Cr in the soil. Further, the application of B. vietnamiensis
+ CA enhanced the plants Cr uptake relative to its control
and all other abiotic treatments alone (Table 3). In Z. mays
the direct relation was observed in the total uptake of Cr
and biomass obtained in the presence of B. vietnamiensis
+ CA. Our results of metal tolerance ability of Z. mays are
consistent with the findings of (Li et al. 2014) indicating that
different kinds of grasses have strong tolerance ability to
higher concentrations of Cr when treated with both biotic and
abiotic metal scavengers.
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Normally plant roots accumulate more heavy metals as
compared to shoot as observed in Vicia faba (Shahid et al. 2012)
and Hordeum vulgare (Al et al. 2015). In roots the enhanced
Cr sequestration might be due to the reason that roots are
directly exposed to heavy metal stress which might be due to Cr
precipitation in roots as an insoluble salt or because of its fixation
with other molecules like celluloses, pectins, hemicelluloses, and
sugar. (Shahid and Abbasi 2011). The enhanced nutrient uptake
due to CA + B. vietnamiensis may contend with Cr uptake. The
reason behind the enhanced Cr transportation may be the plant
growth promoting activities of the inoculated strain that increase
plant biomass to accumulate more heavy metal (Husen et al.
2013). Based on the present results, it is proposed that the use
of plant growth-promoting bacteria resistant to Cr defend plant
against the Cr inhibitory effects present in soil and assist plant
in Cr transportation from soil to plants parts. Burkholderia sp.
inoculated maize plants significantly increased the uptake of Pb
and Cd as compared to uninoculated plants (Ullah et al. 2015).
These results suggest for the incorporation of B. vietnamiensis +
CA component in the phytoremediation of Cr by Z. mays.

Our findings suggest for a strong correlation among plant
fresh and dry biomass as well as root and shoot length in both
inoculated and uninoculated plants (Audet and Charest 2007).
Our model of S1, S2, PGPE inoculated and chelator treated
soil, showed a strong correlation with the ‘enhanced uptake’ of
heavy metals by the root and shoot as was noticed in the study
done by (Brown et al 1994, Audet and Charest 2007) where Cd
and Zn were significantly correlated with the root and shoot
uptake concentration of the heavy metal because a positive
and linear curve was observed which tended to reach a plateau
in the soil containing high concentration of heavy metals.
We have designated zones of Enhanced Uptake and Metal-
Binding which show greater Cr uptake in PGPE-inoculated
and chelator-treated plants than non-PGPE plants in the soils
both low and high in the Cr levels, respectively.

Conclusion

Various plant parameters including growth, photosynthetic
pigments, and biomass increased by the enhanced enzymatic
activity of antioxidants when B. vietnamiensis and CA
were applied as reclamation measures and increased the Cr
concentration in various plant parts of Z. mays. Thus, the
use of B. vietnamiensis together with CA is suggested for
efficient reclamation of unwanted metal from the soil. The
conclusion to our findings is that various plant parameters like
growth, photosynthetic pigments, and biomass increased by
enhancing antioxidant enzyme activity with the application
of B. vietnamiensis and CA, whereas in various plant parts
Cr concentration was increased which ultimately elevated
metal uptake in Z. mays. Our findings revealed that in Cr
contaminated soils, Cr accumulation and phytoremediation has
greatly enhanced by B. vietnamiensis and CA.
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