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Abstract

During our current study we evaluated the effect of ethylenediaminetetracetic acid (EDTA)  
and Enterobacter sp. CS2 on nickel stress alleviation and phytoextraction by Impatiens balsamina L 
in spiked soil. Nickel resistant Enterobacter sp. CS2 was isolated from soil polluted by industrial 
effluents. The I. balsamina seeds primed with Enterobacter sp. CS2 were raised in EDTA-supplemented 
soil (10 mM) contaminated with 0, 100, 200, and 300 mg kg-1 Ni for 50 days. The effect of different 
treatments on plant growth attributes, nickel tolerance index, bioconcentration factor, and translocation 
factor were evaluated. The Ni stress reduced plant growth, carotenoids, and chlorophyll (chl) content. 
However, higher Ni uptake and proline contents were observed in plants growing in Ni-contaminated 
soils. The Enterobacter sp. CS2 inoculation further enhanced Ni uptake and proline contents in 
I. balsamina plants growing under Ni stress. The inoculated plants showed improved shoot length, root 
length, carotenoid content, chl ‘a’ and ‘b’ contents, root and shoot dry weight. The Ni tolerance index in 
Enterobacter sp. CS2-assisted plants was much higher compared to un-inoculated ones. The inoculated 
plants supplemented with EDTA enhanced 39%, 34%, and 30% Ni uptake in roots respectively under 
100, 200, and 300 mg kg-1 of Ni treatment as compared with un-inoculated plants. The data regarding 
bioconcentration factor and translocation factor showed that Ni phytoextraction capability of I. balsamina 
plants was significantly enhanced with the supplementation of Enterobacter sp. CS2 and EDTA. 
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Introduction

Increased industrialization, mining processes, and 
subsequent irrigation of heavy metal-contaminated 
wastewater for crop production has made heavy metal 
pollution a serious environmental threat throughout the 
world. The inorganic Ni-compounds are highly soluble 
in water and Ni is categorized as one of the most toxic 
metals [1]. The polluted soils may cause health issues 
for several living organisms [2]. Ni toxicity impedes 
metabolic activities and nutrient uptake in plants [3]. 
The plants growing in Ni-contaminated soils exhibit 
reduced photosynthetic and enzymatic activity, poor 
growth, and nutrient uptake [4]. Metals may deteriorate 
soil structure and fertility, which restrict successful 
crop cultivation and necessitates metal exclusion. 
The conventional remediation procedures are usually 
expensive and have some demerits [5]. Phytoremediation 
is an economical strategy that improves physicochemical 
characteristics of soil [6]. Various plant species have 
shown phytoextraction capability in metal-contaminated 
sites. It is an environmentally safe and economical 
approach for reclamation of metal-contaminated soils 
[7-8]. Different chelating agents may be used to improve 
bioavailability and translocation of contaminated metal 
by plants [9]. Many researchers have found that EDTA 
chelates heavy metals and improves phytoextraction 
capability of supplemented plants [10].

Some microbes are capable of reducing metal  
toxicity and alleviating heavy metal stress in associated 
plants [11]. The plant growth-promoting rhizobacteria 
(PGPR) improve plant growth by phosphate solubilization, 
auxin synthesis, and siderophores production [12-13]. 
PGPR may synthesize biosurfactants for the desorbtion of 
soil-adsorbed metal [14-15]. Moreover, the siderophores 
produced by PGPR enhance mobility of the metal ions 
toward plants and improve phytoremediation potential of 
the plants [16-17]. Researchers have observed that metal-
resistant rhizobacteria may help in stress mitigation and 
growth improvement in plants subjected to metal stress. 

Impatiens balsamina L. is a member of the 
Balsaminaceae family. The core intention of current 
research was to assess the influence of Enterobacter sp. 
CS2 and EDTA on growth, biomass production, and Ni 
phytoextraction capability by I. balsamina plants grown 
under different concentrations of Ni.

Materials and Methods 

The current study was conducted in a greenhouse 
with mean temperatures of 23/15ºC (day/night). 

Preparation of Soil Samples

The soil used for the current study was obtained from 
the top (0-20 cm depth) of the Agricultural Farm at the 
University of the Punjab. The soil samples were air died, 
homogenized, and sieved through a plastic sieve (5 mm). 

Soil texture, total phosphorus, and pH were determined 
[18]. Soil organic matter was analyzed following the wet 
digestion technique [19]. Total calcium, total magnesium, 
and total potassium were determined following 
respective protocols [20]. Total nitrogen was determined 
by digestion method as described by Johan Kjeldahl in 
1883. The Ni present in the oven-dried soil sample was 
extracted by acid digestion followed by quantification 
with the help of an atomic absorption spectrophotometer 
[21].

Soil (1.5 kg) was transferred to sterilized plastic 
pots (6×5 inch) and some of the allotted pots were 
supplemented with 100, 200, and 300 mg kg-1 Ni by using 
NiSO4. The pots containing soil without Ni contamination 
and not supplemented with Enterobacter sp. CS2 or 
EDTA were regarded as control. The pots were kept in 
the greenhouse for 30 days to maintain equilibrium of Ni 
by the daily addition of sterile distilled water.

Screening and Identifying Ni-tolerant 
Rhizobacteria

Soil samples (1 g) were obtained from rhizosphere  
of healthy I. balsamina plants cultivated in agricultural 
farm irrigated by water contaminated with industrial 
effluents. The rhizobacteria exhibiting distinctive 
colonies were grown in Ni-supplemented media to screen 
Ni-tolerant bacterial strains [22]. For evaluating Ni 
tolerance, 10 µl bacterial inoculums were inoculated on 
LB agar plates supplemented with 50, 100, 200, 300, 400, 
and 500 mg Ni l-1 and placed at 30oC for 5 days. The Ni 
concentration over which inoculated rhizobacteria was 
unable to grow was considered as the threshold level for 
Ni resistance. The agar plates without Ni supplementation 
were deemed as control and these plates exhibited 4 mm 
diameter of bacterial colony.

The ITS region of screened Ni-tolerant rhizobacteria 
was amplified to identify it. For this purpose, the genomic 
DNA of bacteria was extracted with the help of an 
Enzynomics DNA extraction kit followed by performing 
PCR using a 2XPCR reaction mixture (Enzynomics, 
Daejeon, Korea) as per manufacturer instructions. The 
BLAST was performed to identify the amplified PCR 
product of screened bacteria. Moreover, the accessions 
number was also obtained from the National Center 
for Biotechnology Information (NCBI). The acquired 
sequences were analyzed by CLUSTAL OMEGA 
software to observe the similarity of screened bacterial 
strain with enlisted strains present in the NCBI data.

Seed Inoculation

The seeds of I. balsamina sterilized with 1% mercuric 
chloride were inoculated with Enterobacter sp. CS2 
suspension (108 cells/mL) by soaking for 20 min. The un-
inoculated seeds were soaked in sterile water for the same 
duration and taken as control. After drying seeds at room 
temperature for 40 min., 5 inoculated or un-inoculated 
seeds were sown separately in different pots. All pots 
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were irrigated on a daily basis with distilled water  
to sustain moisture levels up to 75% with care to  
avoid the leakage of heavy metal. Thinning was 
done after a fortnight by keeping 3 seedlings per pot. 
Every treatment was repeated three times to reduce 
experimental errors.

Determining Chlorophyll, Carotenoid, 
and Proline Contents

The Chl ‘a’, Chl ‘b’, and carotenoid contents were 
measured with the help of a spectrophotometer [23]. 
The proline contents were also analyzed by using a 
spectrophotometer at 529 nm [24].

Determining Plant Growth and Heavy 
Metal Content

The treated plants were uprooted after 50 days of 
sowing and washed thoroughly with de-ionized water. 
Roots and shoots of plants were separated and their 
respective length was recorded. The plant samples were 
dried to obtain their constant weight in an oven at 80ºC. 
The pre-weighted root and shoot sample were digested 
by using an HNO3.HClO4 solution. The Ni content in 
digested samples was analyzed with the help of an atomic 
absorption spectrophotometer.

Evaluation of Ni Tolerance Index

The Ni tolerance index (TI) of I. balsamina was 
measured by the following formula:

Quantifying Bioconcentration Factor (BCF) 
and Translocation Factor (TF)

The TF and BCF of plants/soil represent the ratio 
of metal concentration in shoots to roots and shoot to 

soils, respectively. The BCF and TF of I. balsamina was 
analyzed accordingly [25]. 

Data Analysis

The experiments performed during current research 
were executed in a completely randomized design having 
3 replicates for every treatment. Differences in data 
obtained were examined at P≤0.05 significance level 
using Microsoft Excel, DSAASTAT software. Significant 
differences were compared using Duncan’s test.

Results and Discussion

The soil used in current research was analyzed for 
various physiochemical characteristics that are shown in 
Table 1. Soil texture was sandy and proved to be neutral 
as per classification system by U.S.D.A. (2005). The EC 
value of the soil was 0.35 dS/m. It was observed that 
the maximum threshold levels of isolated Ni-tolerant 
bacteria was up to 400 mg Ni l-1. Other studies have also 
demonstrated the competence of Enterobacter sp. to 
tolerate Cu, Zn, Pb, and Cd toxicity [26]. The screened 
Ni-tolerant bacterium was identified as Enterobacter sp. 
CS2 and was allotted accession number Enterobacter 
sp. CS2: KY010200 from NCBI. The sequence analysis  
of this bacterium with already existing bacteria  
revealed that it had 100%, 98%, and 90% alignment 

Characteristics Soil

Soil texture Sandy loam

Soil EC (dS m-1) 0.35

Organic matter 1.95

Total N (mg kg-1) 0.82

Total K (mg kg-1) 32.26

Total Mg (mg kg-1) 58.35

Total Ca (mg kg-1) 589.45

Total Fe (mg kg-1) 145.74

Total Ni  (mg kg-1) 5.68

Table 1. Analysis of physicochemical characteristics of soil.

Fig. 1. Effects of Enterobacter sp. CS2 and EDTA on root 
and shoot length in Impatiens balsamina under Ni stress. Data 
shown are mean ±SD (n = 3). Different letters show significant 
difference among the treatments at P < 0.05 according to DMRT. 
T1 (without inoculation), T2 (bacterial inoculation), T3 (10 mM 
EDTA) and T4 (bacterial inoculation+ 10 mM EDTA).
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similarity with Enterobacter sp. KX986323, Enterobacter 
sp. KU759034, and Enterobacter sp. KX914535, 
respectively.

The current study was designed to observe the  
effect of EDTA and Enterobacter sp. CS2 on Ni 
uptake by I. balsamina from Ni-contaminated soils. 
The un-inoculated control plants (T1) showed 11 cm and 
24 cm root and shoot lengths, respectively (Fig. 1). The 
inoculated control (T2) plants exhibited 23% and 25% 
more root and shoot length, respectively, as compared to 
un-inoculated control (T1). Reduced root length and shoot 
length was observed in plants growing in Ni-contaminated 
soil. The un-inoculated control plants exhibited 0.17 g and 
1.58 g dry weight of the roots and shoots, respectively, 
showing a reduction of 24% and 28% for root and shoot 
dry weight, respectively, as compared to inoculated 
control plants (Fig. 2). Although EDTA supplementation 
enhanced metal uptake, it reduced growth and biomass 
production in un-inoculated plants (Figs 1-2). EDTA-
supplemented un-inoculated plants showed significantly 
reduced root length, shoot length, and plant biomass at 
300 mg kg-1 Ni as compared to control (Figs 1-2). It was 
observed that Ni contamination reduced root length, shoot 
length, and biomass production in un-inoculated plants. 
Plants subjected to Ni stress showed reduced quantities of 
carotenoids and chl ‘a’ and chl ‘b’ contents. These results 
indicate that metal toxicity impedes metabolic activities 
of inoculated and un-inoculated plants, resulting in 
decreased biomass production in plants under metal 
stress [27]. The increased metal uptake in contaminated 
soils reduces plant growth [28]. The metal contamination 

negatively affects physiological activities of plants [29]. 
Correspondingly, the enhanced lipid peroxidation and 
reactive oxygen species (ROs) restricts enzymatic activity 
in plants growing in contaminated soils. Moreover, 
metal toxicity can modify the structure and subsequent 
function of essential proteins due to which plants exhibit 
symptoms of chlorotic leaves, root burning, reduced 
growth, and poor photosynthetic activity [30-31]. The 
bacteria-inoculated plants exhibit higher photosynthetic 
activity and biomass production due to growth-
promoting attributes of bacteria, including siderophore 
production, phosphate solubilization, synthesis of auxin, 
and l-aminocyclopropane l-carboxylate deaminase  
[32-33].

Higher TI values were observed in Enterobacter 
sp. CS2-inoculated I. balsamina plants as compared to 
un-inoculated and EDTA-treated plants. The TI values 
on shoot length basis of inoculated plants were 81%, 
69%, and 53% under 100 mg kg-1, 200 mg kg-1, and 
300 mg kg-1, respectively, whereas TI values on root 
length basis in the case of inoculated plants were 61%, 
53%, and 49% under 100 mg kg-1, 200 mg kg-1, and 
300 mg kg-1, respectively. Some other studies also reveal 
the augmented TI in microbe-assisted mustard plants 
[34]. 

During the present study, the plants under Ni 
stress demonstrated significantly reduced chl contents  
(Table 2). Reduced values of Chl ‘a’ by 22%, 37%, 
and 51% were recorded in un-inoculated plants under 
100 mg kg-1, 200 mg kg-1, and 300 mg kg-1 Ni, 
respectively, as compared to un-inoculated control. 
Inoculation of Enterobacter sp. CS2 enhanced chl ‘a’ by 
27%, 24%, 25%, and 23% under 0 mg kg-1, 100 mg kg-1, 
200 mg kg-1, and 300 mg kg-1 Ni treatments as compared 
to respective un-inoculated plants. Similarly, bacterial 
inoculation increased the chl ‘b’ by 18%, 17%, 15%,  
and 12% under 0 mg kg-1, 100 mg kg-1, 200 mg kg-1, and 
300 mg kg-1 Ni concentrations as compared to 
corresponding un-inoculated plants (Table 2). The 
carotenoid contents in plants decreased at higher 
concentrations of Ni. Inoculated plants (T2) showed 
increased carotenoid content values as compared to  
T1, T3, and T4 under all Ni treatments (Table 2). 
Enterobacter sp. CS2 inoculation enhanced carotenoid 
contents by 34%, 28%, 25%, and 23% under 0 mg kg-1, 
100 mg kg-1, 200 mg kg-1, and 300 mg kg-1 Ni 
concentrations, respectively, as compared to 
corresponding EDTA-treated plants. Reduced quantity 
of carotenoids, chl ‘a’, and chl ‘b’ was also observed  
in plants growing in media supplemented with EDTA. 
The EDTA interferes with photosynthetic electron 
transport chain reaction, which reduces chl ‘a’ and chl ‘b’ 
content in EDTA-supplemented plants [35-36]. However, 
Enterobacter sp. CS2 inoculation improved quantity of 
carotenoid, chl ‘a’, and chl ‘b’ contents (Table 2). The 
increased biomass production in inoculated plants may 
be credited to increased synthesis of carotenoids along 
with chl ‘a’ and chl ‘b’ [37-38]. Similarly, improved chl 
contents, growth, and biomass production was observed 

Fig. 2. Effect of Enterobacter sp. CS2 and EDTA on root and 
shoot dry weight in Impatiens balsamina under Ni stress. Data 
shown are mean ±SD (n = 3). Different letters show significant 
difference among the treatments at P<0.05 according to DMRT. 
T1 (without inoculation), T2 (bacterial inoculation), T3 (10 mM 
EDTA) and T4 (bacterial inoculation + 10 mM EDTA).
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in inoculated Eruca sativa plants growing under Cd 
stress [39].

During the current study, soluble proline contents 
were significantly enhanced in plants grown in Ni-spiked 
soils as compared to the control (Fig. 3). Similarly, 
our results showed that enhanced values of proline 
contents were found with increasing concentrations of 
Ni stress. The inoculated plants showed higher values of  
proline contents under all Ni treatments as compared 
to respective un-inoculated treatments. The proline 
contents evaluated in all treatments were higher in 
roots as compared to the shoot. Moreover, higher values 
of proline contents were recorded in inoculated and  
EDTA-treated plants (T4) as compared to T1, T2, and  
T3, respectively, under 100 mg kg-1, 200 mg kg-1, and 
300 mg kg-1 Ni concentrations. The maximum proline 
contents in root and shoot were 2.72 µg g-1 FW and 
1.34 µg g-1 FW, respectively, in T4 under 300 mg kg-1 Ni 
concentrations. From these results it may be concluded 
that Enterobacter sp. CS2 inoculation mitigated metal 
stress either by restricting the entry of the metal ions in 
specific cells of the plants or through enhanced production 
of proline [40]. Moreover, PGPR improved bioavailability 
and uptake of essential plant nutrients [41]. Proline is 
involved in regulation of osmosis and pH, scavenging of 
free radicals, chelation of metals, and detoxification of 
ROS [42]. The increased quantity of proline observed in 
inoculated plants during recent research verifies the role 
of Enterobacter sp. CS2 for stress alleviation in plants 
growing under Ni stress [43]. Plants growing in EDTA-
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Fig. 3. Effects of Enterobacter sp. CS2 and EDTA on proline 
contents in root and shoot of Impatiens balsamina under Ni 
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show significant difference among the treatments at P<0.05 
according to DMRT. T1 (without inoculation), T2 (bacterial 
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supplemented Ni-contaminated soil also exhibited a 
higher quantity of proline (Fig. 3). High proline contents 
represent Ni stress in plants growing in contaminated 
media [44]. The susceptible cultivars show less proline 
contents as compared to resistant ones when subjected 
to the same level of abiotic stress [45]. The increased 
proline contents improve plant resistance against heavy 
metal stress [46].  

The current results revealed an improved trend for 
Ni uptake in plants with increasing concentrations of 
metal. Higher Ni accumulation was observed in roots as 
compared to shoots of the treated plants. The inoculated 
and EDTA-supplemented plants (T4) demonstrated 
maximum Ni uptake as compared to the rest of the 
treatments. The EDTA-supplemented inoculated plants 
(T4) showed 24%, 13%, and 11% more Ni uptake in 
roots under 100 mg kg-1, 200 mg kg-1, and 300 mg kg-1 

Ni, respectively, as compared to respective inoculated 
plants (T2). Similarly, Enterobacter sp. CS2-inoculated 
and EDTA-supplemented plants (T4) demonstrated 
51%, 42%, and 38% more Ni accumulation in shoots 
under 100 mg kg-1, 200 mg kg-1, and 300 mg kg-1 Ni 
treatment, respectively, as compared with corresponding 
un-inoculated plants (Table 3). The treated plants  
BCF observed at 100 mg kg-1, 200 mg kg-1, and 
300 mg kg-1 Ni during the present study were 0.36, 
0.23, and 0.17, respectively. The highest values of TF at  
100 mg kg-1, 200 mg kg-1, and 300 mg kg-1 Ni were 
0.84, 0.81, and 0.79, respectively (Table 4). EDTA 
supplementation in inoculated plants enhanced Ni 
phytoextraction. The improved Ni phytoextraction may 
be a result of siderophore and organic acid production, 
enzymatic degradation, and metal chelating activity 
of Enterobacter sp. CS2 in inoculated plants [47]. 
The reduced metal phytotoxicity and increased bio-
availability of Ni in soil enhanced Ni accumulation and 
subsequent phytoremediation potential of inoculated 
plants in Ni-contaminated soils [48]. The PGPRs not 
only improve bioavailability of metals in soil but also 
alter physiological activities of plants, which enhances 
uptake and accumulation of heavy metals in plants [49].

Conclusions

From the results of current research, it may be 
concluded that I. balsamina is a Ni accumulator and 
can be effectively used for phytoextraction of Ni-
contaminated soils. EDTA supplementation enhances 
Ni bioavailability from polluted soils. Moreover, 
seed priming with Enterobacter sp. CS2 improves Ni 
stress alleviation, growth, biomass production, and 
phytoextraction potential of Impatiens balsamina plants.
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