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Abstract
Nickel (Ni) element is strongly phytotoxic at high concentrations for several plants, but due to its dual behavior and com-
plicated chemistry, it has received little attention in plant nutrition and relevant experimental data are limited. The current 
research was carried out to study the effect of Ni on maize (Zea mays L.) growth and phytoextraction potential with EDTA 
assistance, a process termed as chemical assisted phytoremediation. Treatments included two levels of EDTA (0 and 0.5 mM), 
two levels of Ni (0 and 40 µM) and their combination (EDTA+Ni) that were applied to maize plants grown in a pot experi-
ment. Application of Ni alone or in combination with EDTA reduced maize root and shoot length by 7.8% to 13.3% and by 
15.6% to 21.1%, respectively, compared with control, as well as root and shoot dry weight by 42.0% to 60.0% and by 29.8% to 
46.6%, respectively. A similar declining trend was observed also for the content of photosynthetic pigments (chl-a, chl-b, total 
chlorophyll, and carotenoids) as well as total proteins. However, proline, total soluble sugars, and free amino acids showed 
an increasing trend with application of Ni and EDTA alone or in combination. These treatments significantly decreased P 
and Na content in maize roots, stems, leaves, and grains, while increased K content compared with control. Application of 
EDTA with Ni was the most effective treatment to enhance Ni accumulation in maize (50.23 mg per plant) compared with 
Ni alone (40.62 mg per plant), EDTA alone (27.75 mg per plant), and control (15.51 mg per plant). Application of EDTA 
in combination with Ni enhanced Ni accumulation by 4.9 folds in maize shoots and by 2.6 folds in roots over control. In 
conclusion, application of EDTA in suitable concentrations may enhance Ni uptake by maize providing an effective and 
economic phytoremediation method of Ni-contaminated soils.
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Introduction

Nickel (Ni) is an essential micronutrient for plants and 
plays a vital role in enzyme activity in biological systems. 
It exists in agricultural soils in the form of insoluble and 
soluble compounds such as oxides and sulfides, chlorides, 
and nitrates. In polluted soils, Ni concentration reached 
up to 26,000 mg kg−1, a value 20–30 folds higher than 
that of non-contaminated agricultural soils (Rinklebe 
and Shaheen 2017). Nickel is essential for normal plant 
growth and development. Although Ni is very important 
for plants, its toxicity may cause a variety of physiologi-
cal disorders in plants and animals (Sarwar et al. 2017). 
Excess of Ni supply may negatively affect important physi-
ological and metabolic processes in plants, i.e., nutrient 
uptake through roots, transpiration, stomata conductance, 
plant water relations, photosynthetic rate, nutrient metabo-
lism, association of Rhizobium spp. with legume crops 
and N fixation, efficiency of plasma membrane-bound 
 H+-ATPase, carbohydrates metabolism, and enzyme activ-
ity (Sheoran et al. 1990; Pandey and Sharma 2002; Gajew-
ska and Skłodowska 2009; Yusuf et al. 2011; Negi et al. 
2014; Zhou et al. 2019; Ahammed et al. 2020a,b,c).

In high concentrations, Ni may decrease water content 
and stomatal conductance which may provoke disruption 
of chloroplasts, inhibition of chlorophyll synthesis, dis-
ruption of electron transport, low activity of Calvin cycle 
enzymes, and a  CO2 shortage due to stomata closing 
(Seregin and Ivanov 2001; Ouzounidou et al. 2006; Velik-
ova et al. 2011; Hasan et al. 2019). Therefore, excessive 
Ni disturbs photosystem II and related metabolic activities 
(Amari et al. 2014). Nickel toxicity may also affect pho-
tosynthetic efficiency by inhibiting chlorophyll synthesis. 
All these impairments may interrupt the photosynthetic 
efficiency, i.e., light harvesting complex II, electron trans-
port chain, and Hill’s reaction (Ghasemi et al. 2012) and 
also the efficiency of Calvin cycle (Dan et al. 2000). Visual 
toxicity symptoms of Ni appear first in the interveinal area 
of the younger leaves, including blotchy chlorosis (similar 
to iron, zinc, or copper deficiency) followed by suppressed 
leaf expansion, necrosis, and eventually plant death.

The use of green plants and related microbe population 
to reduce the toxicity of metal contaminants in the envi-
ronment, termed as phytoremediation (Ali et al. 2013), is 
an effective approach to remove excessive Ni from con-
taminated soil (Sarwar et al. 2017). It is among the most 
economic and efficient approach for remediation of heavy 
metals and metalloids from soils than other methods, such 
as soil excavation, washing of soil, incineration, flushing, 
and solidification (Ali et al. 2013). Phytoextraction is con-
sidered to be the most reliable and important measure for 
remediation of metals from contaminated soils, waters, 

biosolids, and sediments (He et al. 2005; Seth 2012; Ali 
et al. 2013). Among all phytoremediation techniques phy-
toextraction is an appropriate approach and also suitable 
for commercial applications (Sun et al. 2011). Plants used 
for phytoextraction are selected based on the following 
criteria: (i) rapid growth rate, (ii) high biomass production, 
(iii) capacity for metals hyperaccumulation, (iv) broad dis-
tribution, (v) capacity for metal translocation from root to 
shoot, (vi) high tolerance against metal toxicity, (vii) toler-
ance to pests and pathogens, (viii) adaptability to dynamic 
climatic conditions, and (ix) easy cultivation and harvest 
(Tong et al. 2004; Shabani and Sayadi 2012; Ali et al. 
2013). Suitability of plants for phytoextraction can be 
determined by shoot biomass and shoot metal concentra-
tion. Two different approaches of phytextraction have been 
used (i) hypperaccumulator plants with little biomass (ii) 
low metal-accumulating plants producing high biomass, 
such as Brassica juncea (Ali et al. 2013).

Traditional phytoremediation techniques have some limi-
tations. For example, (i) a long period is required to clean 
up the soil due to low above ground biomass production, 
(ii) small amount of metal bioavailability, which varies due 
to factors like soil pH, organic matter, competitive cations, 
calcareousness, (iii) applicability of these methods to sites 
where the contamination level is low or moderate, (iv) a 
lack of knowledge about agronomic techniques, breeding 
potential, insect pest and disease spectrum, and (v) possibil-
ity for food chain contamination (Ali et al. 2013). The above 
limitations show that there is a need to modify traditional 
techniques of phytoremediation and guarantee a wide appli-
cation range of phytoremediation. The application of soil 
amendments like metal chelates to soil enhance the metal 
bioavailability and increase heavy metals accumulation by 
plants (Maxted et al. 2007). Under normal conditions, high 
quantities of many metals remain attached to soil particles 
and there is no bioavailability (Garbisu and Alkorta 2001; 
Hasan et al. 2019). The availability of metals to plants can 
be maintained through reducing precipitation and sorption of 
metals by chemical chelates formation (Sarwar et al. 2017).

Nickel toxicity is reported to decrease significantly chlo-
rophyll content in maize leaves as well as root dry weight, 
so the root accumulates large amounts of Ni and hence root-
Ni content decreases (Baccouch et al. 1998). However, the 
effect of Ni on nutrient acquisition of maize has not been 
studied. Moreover, because of its high biomass production 
and metal accumulation capacity, maize is a good candidate 
for use in bioenergy production on contaminated soils (Tian 
et al. 2012). Nevertheless, phytoremediation studies with 
maize in Ni-contaminated soils do not exist in the litera-
ture, especially in combination with chelators, while little 
is known about whether these supplemental methods using 
chelates can assist plant species to remediate soils contami-
nated with Ni. Keeping in view the above-mentioned facts 
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and considerations, a study was planned with a specific 
objective to investigate the physiological and biochemical 
changes in maize plants grown in a Ni-contaminated soil and 
to assess the influence of EDTA on the phytoremediation 
efficiency of maize in a Ni-contaminated soil.

Materials and Methods

Contamination and Preparation of Soil

A pot experiment was conducted at the Nuclear Institute of 
Agriculture and Biology (NIAB) in Faisalabad, Pakistan. 
Soil was collected from the research area of NIAB (0.15 cm) 
being irrigated with canal water. The collected soil was 
dried in open air, ground, sieved with the help of a 2-mm 
iron sieve, thoroughly mixed up, and analyzed for satura-
tion paste EC (dS  m−1), saturation paste pH, organic mat-
ter (OM),  CaCO3 content, soil texture, and cation exchange 
capacity (CEC) according to Page (1982). Nickel concen-
tration in the experimental soil was determined by using an 
atomic absorption spectrophotometer (Solar S-100, Thermo 
Electron Co-operation, USA). Pots were filled with prepared 
soil and selected treatments of EDTA and Ni were applied 
in the form of solution according to saturation percentage. 
The detailed analysis of the soil used in the experiment is 
given in Table 1. Maize seeds of variety Hybrid 6601 were 
sown in plastic pots of 28 cm height and 20 cm diameter, 
each filled with 8 kg of soil. Five maize seeds were sown in 
each pot at field capacity and let to germinate under environ-
mental conditions. One plant per pot was established, while 
the remaining seedlings were gently uprooted, chopped, 
and placed in the same pot after one week of germination. 
Recommended doses of nitrogen (N), phosphorous (P) and 
potassium (K) were applied. The whole P, K, and half of the 
N were applied before sowing, while the remaining N was 

applied in two additional splits 35 and 65 days after emer-
gence. After 60 days from emergence, leaf samples were 
collected for biochemical analysis. All other parameters 
were studied at maturity. Four treatments including control, 
EDTA 0.5 mM, Ni 40 µM and Ni+EDTA in combination 
were applied and arranged in a completely randomized 
design with five replications.

Biochemical Analyses

Nitrate reductase activity (NRA) was determined with the 
method of Sym (1984). One mL of fresh leaf extract and 
0.5 mL of 0.02 M  KNO3 were mixed in a 25-mL test tube 
and put in an incubator for 1 h at 32 °C. During incubation 
time,  NO3 was converted into  NO2 by NRA. One mL of the 
reaction mixture was mixed with 0.5 mL of sulphanilamide 
after 1 h of incubation, instantly followed by the addition 
of 0.5 mL of N-(1-naphthyl)-ethylene diamine dihydrochlo-
ride. Pink color was developed and the reaction mixture 
was diluted by the addition of 5 mL of water before reading 
absosrbance at 542 nm against set standards. A spectropho-
tometer (HITACHI U-2800) was used for reading samples.

Nitrite reductase activity (NiRA) was determined with 
the method of Ramarao et al. (1983). A N-(1-naphthyl)-
ethylene diamine dihydrochloride solution was prepared by 
dissolving 0.02 g of N-(1-naphthyl)-ethylene diamine dihy-
drochloride in 100 mL of distilled water. A quantity of 0.5 g 
of chopped leaf was taken in 5 mL of phosphate buffer and 
0.5 mL of 0.02 M  NaNO2 was added. The tubes were evacu-
ated with a pump for 2 min to release the vacuum, wrapped 
with aluminum foil, and incubated in water bath for 30 min 
at 30 °C with gentle shaking. Then, test tubes were trans-
ferred to boiling water for 2 min to terminate the reaction 
and were cooled at room temperature. After cooling these 
samples were read out in a spectrophotometer (HITACHI 
U-2800).

Proline determination followed the method of Bates 
et al. (1973). Fresh leaf material (0.5 g) was taken and 
ground in 3% sulfo-salicylic acid (10 mL). The sample 
material was properly filtered out through filter paper 
(Whatman No. 2). Filtrates (2 mL) were taken in a 25-mL 
test tube added with 2 mL of acid ninhydrin solution and 
2.5 mL of glacial acetic acid. Test tubes were heated for 
1 h at 100 °C. The reaction was ended in an ice-bath and 
the reaction mixture was removed with 10 mL of toluene 
which produced chromophore. Continuous air stream was 
passed forcefully for 1–2 min in the reaction mixture to 
disperse the aqueous phase from the chromophore con-
taining toluene. Inaccessible colored phase was permitted 
to stand for 2–3 min at room temperature and its absorb-
ance was recorded at 520 nm using a spectrophotometer 
(HITACHI U-2800). Toluene was also observed as a 
blank. The concentration of proline was determined by 

Table 1  Physico-chemical characterstics of the experimental soil

OM organic matter

Soil characterstic Value/characterization

Soil texture Sandy loam
ECe (dS  m−1) 0.70–0.96
pH 7.6–7.9
OM (%) 0.38–0.63
Saturation (%) 39.5
CO3

2− (meq  L−1) Nil
HCO3

− (meq/L−1) 4.0–4.2
Cl− (meq/L−1) 0.60
Ca+Mg (meq  L−1) 2.7
Soluble  K+ (mg  kg−1) 102–200
Nickel (Ni) (mg  kg−1) 0.28
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using a standard curve developed by Analar grade proline 
and calculated on fresh weight according to the formula 
below.

Chlorophyll contents were determined with the method 
of Davis (1957). Fresh leaves were chopped and dipped 
into 80% acetone overnight at 10 oC. Next day, the sam-
ples were centrifuged at 14,000 g for 15 min. Debris was 
removed and the upper layer was taken to read at 480, 
645, and 663 nm in a spectrophotometer. On the basis of 
OD values observed in a spectrophotometer (HITACHI 
U-2800), chlorophyll a, b, total chlorophyll, and carot-
enoids were calculated by the following formulas.

Chl a = [12.7  (OD663) − 2.69  (OD645)] × V/1000 × W
Chl b = [22.9  (OD645) − 4.68  (OD663)] × V/1000 × W
Total Chl = [20.2  (OD645) − 8.02  (OD663)] × V/1000 × W
Total carotenoids (g  mL−1) = Acar/Em100%
Acar = OD480 + 0.114  (OD663) − 0.638  (OD645)

where V = sample volume, W = sample (tissue) weight, 
Em100% = 2500.

Total soluble proteins (TSP) were estimated according 
to Lowry et al. (1951). Sampled leaves (0.5 g) were sliced 
and mixed with 10 mL phosphate buffer (0.2 M) of pH 7.0 
which was ground to homogenize it. The ground material 
was centrifuged at 5000 g for 5 min and the debris was 
removed. The supernatant of the centrifugated extract was 
taken for protein determination. One mL of the leaf extract 
per treatment was taken in a test tube. The blank contained 
only 1 mL of phosphate buffer. Solution C (1 mL) was 
mixed to all test tubes. The reagents in the test tube were 
mixed thoroughly and allowed to stand for 10 min at room 
temperature. Then, Folin-phenol reagent (1:1 diluted) was 
added and the absorbance was read at 620 nm in a spec-
trophotometer (HITACHI U-2800) after incubation for 
30 min. The protein concentration was calculated by using 
a standard curve developed by various concentrations of 
Bovine serum albumin (BSA).

Total free amino acids (TFA) were determined accord-
ing to Van Slyke et al. (1941). After preparing all the 
required reagents, fresh leaves (0.5 g) were chopped and 
extracted with phosphate buffer (0.2 M) having pH 7.0. 
One mL of the extract was taken in a 50-mL volumetric 
flask. One mL of pyridine (10%) and 1 mL of ninhydrin 
(2%) solutions were added in the flask. The flasks with 
the sample mixture were heated in boiling water bath for 
about 30 min. The volume of each flask was made up to 
50 mL with distilled water. A standard curve was drawn 
with Lucien and the OD was recorded at 570 nm using a 

Proline
(

mMol g−1FW
)

= proline
(

mg mL−1
)

× toluene (mL)∕(sample wt∕5)∕115

spectrophotometer (HITACHI U-2800). Free amino acids 
were calculated using the formula given below.

Total free amino acids = Graph reading × volume of sam-
ple × dilution factor/weight of tissue (g) × 1000.

Total soluble sugars (TSS) were determined according to 
Riazi et al. (1985). Fresh plant material was ground well in a 
micromill and the material was sieved through a 1-mm sieve of 
a micromill. Plant material (0.5 g) was extracted with 5 mL of 
80% ethanol solution for 6 h at 60 °C. Plant extract of 0.1 mL 
was taken in 25-mL test tubes and 6 mL anthrone reagent was 
added to each tube, heated in boiling water bath for 10 min. 
The test tubes were ice-cooled for 10 min and incubated for 
20 min at room temperature (25 °C). Samples were read at 
625 nm in a spectrophotometer (HITACHI U-2800). The con-
centration of soluble sugars was calculated from a standard 
curve developed by using different concentrations of glucose 
according to the above procedure.

Determination of Mineral Contents

Dried and ground plant material (0.5 g) was taken in a diges-
tion flask and 5 mL of concentrated  H2SO4 were added to each 
tube and incubated overnight at 25 °C. Then, 0.5 mL of  H2O2 
(35%) was added and heated at 350 °C in a digestion block for 
30 min till fumes appeared. The digestion tubes were shifted 
from the block, cooled down and 0.5 mL of  H2O2 was mixed. 
Then, the tubes were shifted back into the digestion block. This 
step was continued till the cooled digested material became 
colorless. The volume was maintained up to 50 mL in flasks. 
The extract was filtered and used for determining potassium 
(K) and sodium (Na) using a flamephotometer (JENWAY PFP-
7). Phosphorus (P) was determined using a spectrophotom-
eter (HITACHI U-2800), while Ni in different plant parts was 
determined by using an atomic absorption spectrophotometer 
(NovAA-400 Analytical Gena).

Total Ni accumulation (mg  plant−1) by maize plants was 
calculated as follows:

Translocation factor (TF) was determined to evaluate the 
percentage of Ni translocated from roots to shoots according 
to the formula by Anamika et al. (2009) as below:

Data Analysis

All data regarding the above-mentioned parameters were 
statistically analyzed using Statistix 8.1 software. Analysis 
of variance (ANOVA) was applied to analyze the data. Data 

Ni accumulation =
Shoot Ni content + root Ni content

Total dry matter

Translocation factor =
Shoot Ni content

Root Ni content
× 100
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normality and homoscedasticity of each response variable 
were assessed before ANOVA. Means were separated using 
the least significant difference (LSD) test at P < 0.05.

Results

Maize Growth and Biomass Production

Root and shoot length decreased under various stress lev-
els (Fig. 1). For both variables higher values were recorded 
in control plants (108 cm and 122 cm, respectively) than 
in plants grown under EDTA alone (104 cm and 113 cm, 
respectively) and Ni alone (100 cm and 103 cm, respec-
tively). Plants exposed to Ni+EDTA showed a significant 
decrease in root fresh weight as compared with all other 
treatments (Fig. 2). Control plants maintained higher fresh 
root weight compared with treated plants, followed by 
EDTA alone and Ni alone. Similarly, shoot fresh weight 
exhibited a significant decrease. Higher fresh weight was 
maintained by control plants than plants grown under EDTA 
alone, Ni alone, and combination of Ni+EDTA. Root dry 
weight was significantly influenced by the different levels of 
Ni and EDTA (Fig. 3). Higher root dry weight was recorded 
in plants under control conditions than plants grown 
under EDTA alone and Ni alone. Ni+EDTA significantly 

decreased root dry weight compared with all other treat-
ments. Similarly, shoot dry weight indicated a significant 
decrease when exposed to different applications of Ni 
alone, EDTA alone, and their combination (Fig. 3). Com-
paratively higher value was recorded in control plants than 
plants grown under EDTA alone and Ni alone. The lowest 
shoot dry weight was recorded in plants grown in the growth 
medium contaminated with Ni+EDTA.  

Physiological Attributes

Contamination of EDTA and Ni in the growth medium sig-
nificantly decreased chl-a contents (Fig. 4). Comparatively 
higher values were recorded in control plants than plants 
grown under EDTA alone, Ni alone, and Ni+EDTA. A 
similar trend was observed in chl-b content (Fig. 4). Nickel 
stress significantly decreased chl-b contents compared with 
control, while the lowest content of chl-b among treatments 
was observed in plants treated with Ni+EDTA. Total chlo-
rophyll  (chlt) content was also significantly affected under 
Ni and EDTA contamination (Fig. 4). The highest content 
of  chlt was maintained by control plants followed by EDTA 
alone and Ni alone. Plants treated with Ni+EDTA showed 
the lowest content of  chlt. Carotenoids content indicated a 
significant decrease in plants exposed to Ni, EDTA, and 
Ni+EDTA compared with control (Fig. 4). Plants under 
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control environment maintained the highest carotenoids 
content followed by EDTA, Ni, and Ni+EDTA.

Nitrate reductase activity was significantly decreased 
due to exposure to EDTA, Ni, and Ni+EDTA (Fig. 5). Sig-
nificantly higher NRA was recorded in control plants than 
plants grown under EDTA and Ni+EDTA. NiRA was signif-
icantly influenced by applications of EDTA alone, Ni alone, 
and their combination (Fig. 5). The higher value of  NO2 
indicated less NiRA which was observed in maize plants 
exposed to the above-mentioned treatments. Comparatively 
higher value of  NO2 was maintained by Ni+EDTA than by 
Ni alone and EDTA alone. The lowest amount of  NO2 was 
observed in control plants.

Proline accumulation significantly increased under Ni, 
EDTA, and Ni+EDTA (Fig. 6). Comparatively higher 
value of proline was recorded with Ni+EDTA than with 
Ni alone and EDTA alone. Control plants showed very low 
concentration of proline. Total leaf soluble proteins con-
tent was significantly decreased under different treatments 
of Ni and EDTA (Fig. 6). Comparatively higher concentra-
tion of proteins was noted in control plants than in plants 
grown under EDTA and Ni. The lowest concentration was 
recorded in plants treated with Ni+EDTA. Free amino 
acids accumulation significantly increased as the stress 
level increased (Fig. 6). The highest accumulation was 
recorded in Ni+EDTA, followed by Ni, EDTA, and control 

plants. Total soluble sugars significantly increased in plant 
exposed to different Ni and EDTA treatments (Fig. 6). 
Under Ni in combination with EDTA, plants showed the 
highest TSS content, followed by Ni and EDTA. Control 
plants showed low accumulation of TSS.
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Mineral Acquisition

Potassium (K)

The maximum  K+ content in root was found in plants grown 
in Ni+EDTA-contaminated medium, followed by Ni, EDTA, 
and control plants (Fig. 7). The highest stem-K+ content 
was recorded in plants exposed to Ni+EDTA followed by 
Ni and EDTA, while the lowest  K+ content was recorded 
in control plants. A significant increase in leaf-K+ content 
was found in plants grown in medium contaminated with 
EDTA and Ni separately as well as in combination (Fig. 7). 
Plants grown in Ni+EDTA-contaminated soil maintained the 
highest concentration followed by Ni and EDTA, while the 
lowest leaf-K+ was recorded in control plants (Fig. 7). Plants 
exposed to EDTA and Ni in combination had the highest 
contents of grain-K+ followed by Ni and EDTA, while the 
lowest grain-K+ was recorded in plants grown under control 
conditions (Fig. 7).

Sodium (Na)

Exposure to Ni, EDTA, and Ni+EDTA affected root-Na+ 
significantly (Fig. 8). The maximum root-Na+ content was 
noted in plants grown in normal conditions, followed by 
EDTA, Ni, and Ni+EDTA. The highest stem-Na+ content 
was observed in plants grown in uncontaminated medium, 

followed by EDTA, Ni, and Ni+EDTA (Fig. 8). A sig-
nificant decrease in leaf-Na+ content was noted under 
Ni, EDTA, and Ni+EDTA (Fig. 8). The maximum leaf-
Na+ content was recorded in control plants as compared 
with the other treatments, followed by EDTA, Ni, and 
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Ni+EDTA. Exposure of plants to different treatments of 
Ni, EDTA, and Ni+EDTA significantly decreased grain-
Na+ content (Fig. 8). The maximum grain-Na+ content was 
recorded in grains of control plants, followed by EDTA, 
Ni, and Ni+EDTA.

Phosphorus (P)

Growth medium contaminated with Ni, EDTA, and 
Ni+EDTA significantly affected P contents in plant root 
(Fig. 9). P contents decreased under different levels of EDTA 
and Ni, while was the maximum in control, followed by 
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EDTA and Ni. The lowest content of P was recorded in root 
of plants treated with Ni+EDTA in combination. Phospho-
rus content in the stem was significantly decreased due to 
different treatments of Ni and EDTA in the growth medium 
(Fig. 9). The maximum P content in the stem was noted in 
control followed by EDTA. Exposure to Ni also decreased 
P content in the stem followed by minimum P in the stem 
under Ni+EDTA. The Ni and EDTA affected leaf-P content 
significantly, which was maximum in control, followed by 
EDTA and Ni (Fig. 9). Phosphorus content in plants grown 
in Ni-contaminated medium was very low. The exposure 
of plants to Ni alone, EDTA alone, and Ni+EDTA in com-
bination affected grain-P significantly compared with con-
trol plants (Fig. 9). The highest P content was observed in 
plants grown under control conditions, followed by EDTA 
and the combination of Ni+EDTA. The lowest P content was 
recorded in Ni+EDTA in combination.

Nickel (Ni)

Root-Ni content at maturity significantly increased in plants 
grown in a contaminated growth medium compared with 
control plants (Fig. 10). Contamination with Ni+EDTA 
had the highest Ni content, followed by Ni alone and EDTA 
alone. In control plants, root-Ni content was the lowest. 
Contamination with Ni, EDTA, and Ni+EDTA signifi-
cantly influenced stem-Ni contents (Fig. 10). Plants grown 
in soil contaminated with Ni+EDTA had highest stem-Ni 
content, followed by Ni. EDTA contamination in the growth 
medium significantly enhanced stem-Ni compared with con-
trol plants. The contamination of Ni+EDTA in combina-
tion increased Ni uptake in maize plants significantly. Nickel 
accumulation in the leaves of maize plants increased due to 
the presence of Ni, EDTA, and their combination compared 
with control plants (Fig. 10). However, the highest Ni accu-
mulation was recorded in the leaves of plants treated with 
Ni+EDTA, followed by Ni alone and EDTA alone. Control 
plant leaves had the lowest Ni content. An increasing trend 
was observed in Ni content in grains of maize at maturity. 
Nickel contents significantly increased under EDTA, Ni, and 
their combination (Fig. 10). The highest Ni accumulation 
was recorded in plants grown in growth medium contami-
nated with Ni+EDTA, followed by Ni and EDTA. The mini-
mum grain-Ni was found in control plants.

Discussion

This work assessed physiological and biochemical changes 
in maize plants grown in a Ni-contaminated soil and the 
effect of EDTA at 0.5 mM to enhance uptake of Ni from 
contaminated soil using maize. Phytoremediation studies 

with maize in Ni-contaminated soils do not exist in the 
literature, especially in combination with chelators, while 
little is known about the role of EDTA supplementation 
in a moderately sensitive maize crop to remediate Ni-con-
taminated soils.
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Impact of EDTA‑Assisted Phytoremediation 
on Maize Growth

In the present study, application of Ni alone and along with 
EDTA significantly decreased harvestable biomass indi-
cating that maize was sensitive to Ni toxicity. However, 

plants receiving EDTA alone (without Ni) showed higher 
biomass production compared with the Ni treatments (Ni, 
Ni+EDTA), but low biomass production was observed with 
EDTA application compared with control. This response 
indicates a negative impact of EDTA on maize growth, 
namely, the adverse effects on plant growth were due to Ni 
toxicity. The higher reduction in biomass with Ni+EDTA 
compared with Ni alone might also be due to higher Ni 
uptake in the presence of chelate in soil. It may be inferred 
that reduction in biomass production could be the first visible 
indicator of Ni toxicity in metal-sensitive plants like maize. 
Ain et al. (2016) studied the effect of Ni on growth and 
physiology of wheat grown in saline soil in a pot experiment 
and inferred that exposure to Ni at a high dose (40 mg kg−1) 
significantly decreased above ground biomass possibly due 
to the toxic effects of Ni on wheat metabolism. Turgut et al. 
(2004) studied the effect of EDTA and citric acid application 
on the phytoremediation of a metal-contaminated soil using 
dwarf sunspot sunflower and teddy bear sunflower. They 
observed a significant decrease in above ground biomass 
production with application of 0.3 g kg−1 soil, i.e., 72.5% 
in sunspot and 48.3% in teddy bear plants. In the present 
study, the decrease in biomass production was 45.9% with 
Ni+EDTA compared with control. It may be inferred that 
exposure to excessive Ni may adversely affect plant growth 
and biomass production and these adverse effects might be 
further enhanced by the presence of EDTA in the growth 
medium.

Nickel toxicity generally decreased plant growth and 
development possibly due to decrease in the photosynthetic 
rate (Ci et al. 2010). This decrease in the photosynthetic rate 
was due to the declining contents of chlorophyll, includ-
ing chl-a and chl-b, or destruction of important components 
of the photosystem II (Hasan et al. 2019; Ahammed et al. 
2020a; Zhang et al. 2020). In the present investigation, 
total chlorophyll content significantly decreased in maize 
plants grown in the Ni-contaminated soil compared with 
control. This effect was further enhanced by the addition 
of EDTA in the Ni-contaminated medium. A similar trend 
was observed in chl-a and chl-b content. It may be inferred 
that Ni contamination at the rate of 40 µM caused destruc-
tion of chl-a and chl-b in affected plants possibly by altering 
chlorophyl structure, as  Ni2+ may replace the central  Mg2+ 
ion and may destroy the chlorophyll molecule. As the appli-
cation of EDTA along with Ni may significantly enhance 
Ni uptake, the negative effect of Ni toxicity on chlorophyll 
content might be manifolded (Shafeeq et al. 2012). It was 
also observed that chl-a, chl-b, and total chl contents tended 
to decrease with an increasing Ni concentration in soil.

Nickel toxicity may also affect the activity of some 
enzymes in maize under stress. Depending upon concen-
tration, Ni may decrease or increase the activity of cer-
tain enzymes. In the present study, it was observed that 
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the activity of nitrate reductase activity was significantly 
decreased in plants exposed to Ni and Ni+EDTA compared 
with control, with a more pronouced effect of EDTA than 
Ni alone. This decrease in enzyme activity may be due to 
decrease in the uptake of nitrate from soil responsible to trig-
ger gene action for synthesis of nitrate reductase enzymes 
(Zhou et al. 2019; Ganie et al. 2020). Similar results were 
shown by Kevrešan et al. (1998). These authors observed a 
significant decrease in NRA in Beta vulgaris plants exposed 
to 1 mM Ni compared with control plants. On the other 
hand, proline accumulation in plants exposed to Ni signifi-
cantly increased, confirming the role of proline as a stress 
responsive amino acid. Proline is produced in plants under 
stress and play a protective role against reactive oxygen spe-
cies (ROS) and other stress metabolites potentially harmful 
to membranes and biomolecules like lipids and lipoproteins 
that are responsible for solute transport across membranes 
(Ahammed et al. 2020b,c). The results of the present study 
are in accordance with those of Gajewska et al. (2006). 
These authors inferred that proline accumulation depends 
upon concentration and time of Ni exposure. They observed 
an increasing trend in proline accumulation with an increas-
ing Ni concentration in the growth medium and with time of 
Ni exposure. Maximum proline accumulation was observed 
at 200 µM Ni after 9 days.

The traditional phytoremediation approach to harvest Ni 
from contaminated soils was meant for the use of hyper-
accumulator plants having ability to accumulate large quan-
tities of metal in their above ground biomass with minimum 
decrease in biomass yield. However, in this approach cer-
tain limitations come across to harvest an optimum quantity 
of metal which could be economically feasible. Generally, 
hyper-accumulators are less adaptable to a variety of soil 
and climatic conditions, less biomass-producing, and slow-
growing species (Sarwar et al. 2017). Chemical assisted 
phytoremediation of Ni using low accumulator plants with 
high biomass production, e.g., Z. mays, seems an attractive 
approach to overcome the above-mentioned demerits of 
hyper-accumulator plants.

Impact of EDTA‑Assisted Phytoremediation 
on Mineral Acquisition

Nickel interacts with other nutrients particularly Na, K, 
and P in soil as well as in plant tissues. Strong antagonism 
existed between Na and K for their uptake and translocation 
in plants (Rus et al. 2001; Ain et al. 2016) as these cations 
share the same membrane transporters on the root surface 
for their uptake and translocation to aerial parts. This com-
petition might be concentration dependent, as cation with 
higher concentration is more likely to be taken up (Rus 
et al. 2001; Zhang et al. 2019). High Ni concentration in 
soil might decrease  Na+ uptake, as bivalent cations are more 

preferably taken up than monovalents. This effect might be 
due to damage to certain transport systems by increasing the 
concentration of Ni cations in the soil solution. However, 
in salt affected soils the scenario might be different as such 
soils contain higher Na concentration. In the present study, 
it was observed that an antagonistic relationship existed 
between Ni and Na in plant tissues (root, shoot, and grain), 
while the relationship was synergistic between Ni and K 
in all plant parts. Similar relationships were established by 
Ain et al. (2016) where increasing Ni application tended 
to decrease Na concentration in plants, while increased K 
concentration in normal soils. However, the opposite trend 
was observed in the case of salt affected soils. In the cur-
rent study, the application of Ni alone and in combination 
with EDTA significantly decreased P concentration in plant 
tissues as compared with control. Furthermore, P concentra-
tion in root, shoot, and grain in plants exposed to Ni+EDTA 
was significantly lower compared with Ni treatment without 
EDTA. This decrease in P concentration might be due to 
poor root growth in plants affected by Ni toxicity because 
poor root development may lead to less P uptake by plants.

Previous studies in the field of metal contamination of 
agricultural soils indicated that phytoremediation is an 
interesting and suitable option to remediate contaminated 
sites, as it provides a green solution of the problem that 
is socially acceptable and economically feasible (Salt et al. 
1995; Garbisu and Alkorta 2001; Rew 2007; Seth 2012; 
Ali et al. 2013). However, traditional phytoremediation 
approaches, i.e., use of hyper-accumulator plants to extract 
metals from contaminated soils posses certain limitations 
as discussed in detail in previous sections. Use of low accu-
mulator plants with high biomass production potential, like 
maize assisted with suitable chelating agents, e.g., EDTA to 
enhance metal uptake from soil, might be an interesting and 
economical approach to harvest more metal in a relatively 
short time span (Sarwar et al. 2017). In the current study, 
addition of EDTA (0.5 mM) in the contaminated medium 
significantly enhanced Ni concentration in roots as well as 
in above ground plant parts as compared with all other treat-
ments from the Ni-contaminated soil. This might be due 
to enhanced Ni uptake in the presence of EDTA, as EDTA 
application might enhance Ni bioavailablity by chelating 
Ni and minimizing its fixation in soil (Sarwar et al. 2017). 
A hydroponic experiment conducted to study the effect of 
EDTA and salicylic acid on Ni uptake at different time inter-
vals by Lemna minor L. seedlings indicated that application 
of EDTA significantly increased Ni uptake at different time 
intervals (Kaur et al. 2015).
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Conclusions

This study confirmed that addition of EDTA in Ni-con-
taminated medium resulted in higher accumulation of Ni 
in maize plants compared with control, while the uptake 
of essential nutrient P was decreased and K uptake was 
enhanced. The impact of Ni on biomass accumulation and 
root growth was also depressing and inhibitory; however, the 
increased uptake and per unit biomass concentration of Ni 
in the presence of EDTA shows the potential of using maize 
plants for bioremediation and phytoextraction of Ni from 
contaminated soils. The optimum concentration of EDTA, 
however, is needed to be standardized for the naturally Ni-
contaminated soils and to find out the economic feasibility of 
the process. Moreover, the beneficial effects of the restricted 
Na and enhanced uptake of K and their relationship with 
Ni toxicity in terms of physiology and biochemical plant 
processes are required to be established with more extensive 
experimental and advanced analytical work.
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