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Abstract

Nickel (Ni) uptake pattern may be influenced in the presence of lead (Pb) metal ions in the soil and may mediate the Ni
dynamics in root and shoot part of spinach. A pot culture experiment was carried out with four levels of each Pb (0, 100,
150, and 300 mg kg~ 'soil) and Ni (0, 100, 150, and 300 mg kg~' soil) in spinach to assess the Pb and Ni contamination
interactive effect on Ni dynamics in soil. Study revealed that increasing the concentration of Pb and Ni enhanced the
concentration of the respective metals in the spinach root and shoot parts. Increasing the levels of Pb (0-300 mg kg~ ') had
significantly (p = 0.05) reduced the Ni uptake in shoot and root from 0.195 to 0.033 mg pot~' and from 0.026 to 0.008 mg
pot_l, respectively. The metal dynamics ratios, i.e., bioconcentration factor (BCF), translocation factor (TF), transfer
efficiency (TE), and crop removal of Ni were also negatively affected by application of Pb. Increasing the Pb levels in soil
from 100 to 300 mg kg~ significantly (p = 0.05) decreases BCF value from 0.113 to 0.108. Under multi-metal toxicity
conditions, high level of Pb in the effluent reduced the Ni uptake by spinach and affects the soil health. The findings are
very much useful for planning effective effluent management strategies and guidelines to reduce the metal contamination in

food crops under peri-urban areas.
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Introduction

Remediation of heavy metal toxicity is a greatest challenge
to produce safe food crops from poor natural resources
mainly in developing countries (Qadir et al. 2010; Zhai
et al. 2018). However, the increasing global population has
also forced to produce more amounts of food grains from
the limited land and water resources (Hassan and Aarts
2011; Mahar et al. 2016). Across the globe, agriculture is
playing a key role in social and economic development,
and also affects the international trade (Saha et al. 2017). In
this context, farmers are using poor quality water, i.e.,
sewage and other contaminated water for mitigating the
irrigation demand of the crops mostly in water scarcity
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regions (Kanwar and Sandha 2000; Ayangbenro and
Babalola 2017; Ahsan et al. 2018). Failure of human body
organs by consumption of metal contaminated food from
metal degraded soils is becoming a common problem in
most of the developing countries (Al-Nakshabandi et al.
1997; Qadir et al. 2010; Balkhair and Ashraf 2016).
Majority of the heavy metal contaminations are anthro-
pogenic due to mining, smelting, tannery, waste disposal,
industries, and vehicle emissions into the environment
(Rajendiran et al. 2015). These sources are contaminating
the environment, and deteriorate the soil and produce
quality (Sachan et al. 2007; Khan et al. 2012). Among the
heavy metals, lead (Pb) is very toxic in nature and retention
time ranges in soil from 150 to 5000 years (Singh et al.
2016). It reduces mitotic activity (Thounaojam et al. 2012),
thereby causing poor growth and yield in plants (Sharma
and Dubey 2005; Ramana et al. 2008a, b; Ramana et al.
2009; Dotaniya et al. 2014a, b, c; Bhatia et al. 2017). Poor
mental development in children and failure of cardio-vas-
cular system is a common adverse effect in humans due to
primary food chain contamination (McLaughlin et al. 1999;
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Singh et al. 2011). Some of the metals are acting as an
essential nutrient element at lower concentration levels and
become harmful beyond a critical concentration (Rattan
and Goswami 2002). For instance, higher concentrations of
nickel (Ni) reduce the RUBISCO activity and decrease the
photosynthesis rate in crop plants (Singh et al. 2016).
Increasing the concentration of Ni more than 100 mg kg ™'
reduced the growth of plants, and chlorosis in leaves is the
common symptom (Saha et al. 2017). To toxicity of heavy
metals toward phytotoxic concentration, soil enzymatic
activities followed the order Cd > Pb > Cr > Ni > Cu >
Zn (Saha et al. 2017).

At the present time, most of the industries are located as
clusters together to facilitate technology sharing and also
reducing the cost of production. In these situations, various
heavy metals are discharged from different industrial units
into a common effluent channel (Sharma and Dubey 2005;
Dotaniya et al. 2014d). This contaminated water is utilized
by the farmers in peri-urban areas for food crop cultivation
mostly for vegetables production (Khan et al. 2012; Gaur
et al. 2014). These heavy metals bring diverse malfunctions
in plants, animals, and human systems as well as adversely
affected soil microbial process and soil quality (Singh et al.
2016). Studies on the effect of individual metals on living
system are well documented by various researchers (Kan-
war and Sandha 2000; Sharma and Dubey 2005; Coumar
et al. 2016a, b; Raman et al. 2017), but the information on
interactive effect of metals, i.e., behavior/dynamics of one
metal in the presence of other metal in plant is limited
(Hughes 2002; He et al. 2003). Therefore, a study was
planned to assess the Pb and Ni metal interactive effect on
Ni dynamics in spinach.

Materials and Methods
Physico-Chemical Properties of Experimental Soil

A pot culture experiment was conducted to evaluate the
interactive effects of Pb and Ni on Ni dynamics in spinach
grown under black cotton soil (Typic Haplustert). Bulk soil
was collected from Research farm of ICAR-Indian Institute
of Soil Science, Bhopal. The soil was ground and sieved
(< 2 mm) and kept in plastic bag for analysis of physico-
chemical properties. The experimental soil was clay loam
in texture (Bouyoucos hydrometer method 1962). Standard
analytical procedures were adopted for the determination
of various soil properties, i.e., soil pH and EC (Singh et al.
2005), soil organic C (Walkley and Black 1934), available
N (Subbiah and Asija 1956), P (Olsen et al. 1954), K
(Hanway and Heidel 1952), and micronutrients (Lindsay
and Norvell 1978). Soil pH, EC, organic C, available N, P,
and K were 7.82, 0.51 dS m_l, 0.42%, 134, 8.63, and
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204 kg ha™', respectively. The micronutrient concentra-
tions of Zn, Fe, Mn, and Cu were 0.92, 5.42, 5.32, and
1.37 mg kg™, respectively, in soil. The Pb and Ni metal
concentrations were also determined before the application
of treatments. Total Pb and Ni were 46.2 and 7.5 mg kg~ ',
whereas DTPA extractable corresponding metals were 1.23
and 0.69 mg kg™, respectively.

Pot Experiment

Five kilogram soil was filled in plastic pots (6 kg capacity),
and 16 treatment combinations consist with four levels of
each Pb (0-absolute control, 100, 150, and 300 mg kgfl -
soil) and Ni (0-absolute control, 100, 150, and
300 mg kg~' soil) were replicated thrice. Three levels of
metal application were decided on the basis of data
obtained from industrial effluent discharges by various
industrial units. Pb and Ni were applied as Pb(NOs), (brand
MOLYCHEM) and NiCl,.6H,O (brand MERCK), respec-
tively, by dissolving them in required quantity of distilled
water and thoroughly mixing. Treated soils were incubated
for a month with sufficient moisture to allow equilibrium of
metals at field capacity in net house. After 4 months, the
soils were again mixed thoroughly, and analyzed for its
metal concentrations, soil pH, and EC. No significant dif-
ference (p = 0.05) was observed among soil pH, EC, and
concentrations of Pb and Ni. The spinach (Spinacia oler-
acea) crop variety “Palak All Green” was used as a test
crop. The recommended doses of fertilizers (N:P,Os5:K,.
0::30:18:18 mg kg~ ') were applied for raising the crop.
Five seedlings were maintained in each pot throughout the
experiment up to 75 days after sowing (DAS). Vegetative
matured crop was harvested, and root and shoot portions
were separated and stored for metal analysis. Total Pb and
Ni concentrations in plant parts were extracted by di-acid
(HNO;5:HCIOQy in the ratio 9:4) digestion and concentration
measured by inductively coupled plasma-optical emission
spectrometry (ICP-OES) (Model ICP-OES; Perkin Elmer
Precisely Optima 2100 DV with 0.001 mg kg~ detecting
limits). On the basis of analytical results, various metal
accumulation ratios were computed.

Bioconcentration factor (BCF), defines the metal
removal capacity of the plant, was calculated using the
expression given by Zhuang et al. (2007)

BCF = Mharvested tissue

M soil /water
where Myarvested tissue 1S @ concentration of metal in har-
vested plant parts (root + shoot) and M; are total applied
metal levels of respective treatment.

Translocation factor (TF) indicates transfer of metal
concentration from root to shoot part, and was quantified
by formula proposed by Adesodun et al. (2010)
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M shoots
M, roots

TF =

Translocation efficiency (TE) was calculated with the
help of formula described by Meers et al. (2004)

M

content in shoots(mg kg™!)

TE (%) = x 100

M

content in the whole plant (mg kg™')

Percent metal removal represented the metal removal
capacity of the spinach with respect to metal level. It was
calculated as per below formula:

Total metal uptake by plant

Metal 1 (x) =
etal removal (x) Total metal applied to the soil

Metal removal (%) = Value (x) x 100

Statistical Analysis

Statistical analysis was done using Factorial Complete
Randomized Design with three replications (Gomez and
Gomez 1983). Statistical analysis was performed with SAS
version 9.3. Two-way analysis of variance (ANOVA) was
performed to test the treatment effect, while the significant
difference among means of the various treatments was
compared with the critical difference (CD) at the 5%
(p = 0.05) level of significance.

Results and Discussion

Effect of Pb and Ni levels on Ni Concentration
in Shoot and Root

With the increasing level of Ni from 100 to 300 mg Ni
kg~ in soil enhanced the Ni concentration in spinach shoot
from 4.37 to 10.05 mg kg~'. Applied level of Ni signifi-
cantly (p = 0.05) affected the shoot Ni concentration dur-
ing the course of study (Table 1). On the other hand,
increasing the level of Pb from control to highest levels

Table 1 Effect of Pb and Ni levels on Ni concentration (mg kg~") in
shoot

(300 mg kg~ ") reduced the Ni concentration in shoots. At
100 mg kg7l of Pb level, Ni concentration in shoot dras-
tically reduced (36.7%). Furthermore, beyond the Pb level
from 150 to 300 mg kg~', no further reduction of Ni in
shoot part of spinach was observed. The negative interac-
tion effect between Pb and Ni might have affected the Ni
concentration in the shoot. The minimum Ni concentration
was observed in absolute control (0 mg Ni kg™"), and the
maximum concentration was recorded in the treatment
where the highest level of Ni along with the lowest level of
Pb was applied. Increasing the level of Ni in soil also
significantly increased the Ni concentration in the roots of
spinach crop (Table 2). The root concentration of Ni was
significantly increased 11.05, 14.57, and 23.02 mg kg~ ' in
100, 150, and 300 mg kg~" Ni levels, respectively. The
concentration of Ni in root was more accumulated when
the application of Ni increased from 0 to 100 mg kg™" soil.
The interaction effect between Ni and Pb was observed and
found that the increasing level of Pb reduced the Ni con-
centration in the root. The lowest Ni concentration was
measured at the highest level of Pb (300 mg kg™") with the
lowest level of Ni, whereas the maximum concentration
was measured in the combination of 300 mg kg~ ' Ni and
100 mg kg~ 'Pb. Nickel is an essential plant nutrient
required for completing the life cycle of a plant (Rattan and
Goswami 2002). Increasing concentration of beneficial
plant nutrient in soil enhanced the concentration of metal in
shoot and root parts (Shimada and Ando 1980). Spinach
had also accumulated significant amount of Ni in plant
biomass. The concentration of metals was higher in the
root than in the shoot of the spinach crop, which is also
observed in this experiment (Ramana et al. 2009; Alia et al.
2015; Dotaniya et al. 2017c). Lead having greater phyto-
toxic properties than Ni in spinach crop affects the other
metal dynamics in plant parts (Saha et al. 2017). Similar
types of results were reported by Chunilall et al. (2004) in
spinach during the application of Pb levels. Increasing
concentration of metal in root and shoot part could affect
metal transfer capacity of the crop as well as cultivar

Table 2 Effect of Pb and Ni levels on Ni concentration (mg kg~") in
root

Pb (mg kg™") Ni (mg kg™ Mean Pb (mg kg™") Ni (mg kg™h Mean
100 150 300 100 150 300

0 7.033 10.400 13.900 10.444 0 15.47 16.27 19.73 17.157

100 3.967 4.600 11.200 6.589 100 5.60 16.07 25.53 15.733

150 3.400 3.433 7.567 4.800 150 12.60 14.40 24.07 17.023

300 3.067 3.900 7.533 4.833 300 10.53 11.53 2273 14.930

Mean 4.367 5.583 10.050 Mean 11.05 14.57 23.02

LSD (p = 0.05)  Pb=0.510; Ni = 0.510; Pb X Ni = 1.020 LSD (p = 0.05) Pb = 2.41; Ni = 2.41; Pb X Ni = 4.82
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(Ramana et al. 2009). Lead, such as other metallic elements
(ME), could be tolerated at low concentration in plant
(depending on species and variety); nevertheless, higher
concentration will be toxic. Thus, there is a bell shape
correlation between toxicity and concentration of ME
(Marschner 2011).

Effect of Pb and Ni Levels on Ni Uptake in Plant
Parts

Increasing level of Pb from control to 300 mg kg™ in soil
significantly (p = 0.05) decreased the Ni uptake in shoot
from 0.195 to 0.062, 0.046, and 0.033 mg potfl, respec-
tively (Table 3). Increasing concentration of Pb is blocking
functional group of enzymes, polynucleotides, and trans-
port system for nutrient ions (Yongsheng et al. 2011). It
enhances denaturation and inactivation of enzymatic sys-
tem in plant (Hassan and Aarts 2011). In higher plants, Pb
toxicity that alters plant water relationship causes water
stress and wilting, and mediated selectiveness on ions (Ni,
Fe, Mn) by roots (Jaishankar et al. 2014). The maximum Ni
uptake reduction (68%) was observed due to the applica-
tion of Pb @ 100 mg kg™' soil compared to control.
Application of Ni enhanced the Ni concentration in shoots
of spinach 0.053, 0.074, and 0.125 mg pot_1 in 100, 150,
and 300 mg kg~ soil treatments, respectively. The maxi-
mum Ni uptake (0.125 mg pot~') was observed when the
Ni was applied at the highest level (300 mg kg™") in soil.
The interaction effect between Pb and Ni levels revealed
that maximum Ni uptake occurred in the treatment that
received the highest Ni along with the lowest Pb levels,
whereas the minimum Ni uptake was observed with the
application of highest level of Pb and lowest level of Ni.
The effect of Pb and Ni concentrations had also affected
the Ni uptake by root. Similar to Ni uptake by shoots, Ni
uptake in roots was also significantly affected by Pb
application up to 100 mg kg™' (Table 4). Thereafter, Ni
uptake by root was not significantly (p = 0.05) reduced
with increasing levels of Pb. Increasing the Ni levels from

Table 3 Effect of Pb and Ni levels on Ni uptake in shoot (mg pot™")

Table 4 Effect of Pb and Ni levels on Ni uptake in root (mg pot ')

Pb (mg kg™ ") Ni (mg kg™ Mean
100 150 300

0 0.024 0.025 0.029 0.026
100 0.005 0.014 0.022 0.014
150 0.009 0.011 0.018 0.013
300 0.005 0.005 0.013 0.008
Mean 0.011 0.014 0.021

LSD (p = 0.05) Pb = 0.004; Ni = 0.004; Pb X Ni = 0.008

control to 100 mg kg~ " soil significantly affected the Ni

uptake in root, and further application of higher doses of Ni
(100-150 mg kg~' soil) did not significantly affect the Ni
uptake. Effect of increasing levels of Pb and Ni on total Ni
uptake by the spinach crop is shown in Table 5. Increasing
the level of Pb significantly affected total Ni uptake in
spinach. The total Ni uptake was significantly (p = 0.05)
reduced with increasing levels of Pb and was observed in
the sequence of 300 < 150 < 100 <0 mg kg™ Pb.
Increasing the level of Ni enhanced the total Ni uptake, due
to higher availability of Ni in soil solution and also uptake
by roots and shoots of spinach. The highest total Ni uptake
(0.146 mg pot™') was found at the highest level of Ni
application. An increment in the photosynthesis rate of
plant enhanced due to the application of Ni improved the
biomass of shoots and roots (Long et al. 2006). Increasing
mineral nutrition (up to 300 mg kg~ Ni applied level)
might have enhanced the growth of the spinach, which
resulted in the higher biomass and Ni uptake. Similarly, the
enhanced metal uptake by increasing the metal levels had
been reported in Gladiolus sp. (Ramana et al. 2008a),
tuberose (Ramana et al. 2012), and in marigold and
chrysanthemum (Ramana et al. 2008b) grown in Vertisols
of central India. Increasing the trace concentration of heavy
metals in soil affected the plant growth mostly in the initial
phase of germination in crops (Coumar et al. 2016a, b).

Table 5 Effect of Pb and Ni levels on total Ni uptake (mg pot™")

Pb (mg kg™") Ni (mg kg™ Mean Pb (mg kg™") Ni (mg kg™ Mean
100 150 300 100 150 300

0 0.125 0.192 0.268 0.195 0 0.149 0.216 0.296 0.220
100 0.035 0.043 0.107 0.062 100 0.041 0.057 0.129 0.076
150 0.032 0.033 0.072 0.046 150 0.041 0.043 0.090 0.058
300 0.021 0.027 0.052 0.033 300 0.025 0.032 0.066 0.041
Mean 0.053 0.074 0.125 Mean 0.064 0.087 0.146

LSD (p = 0.05)  Pb = 0.005; Ni = 0.005; Pb X Ni = 0.011 LSD (p = 0.05)  Pb = 0.008; Ni = 0.008; Pb X Ni = 0.016
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These metals modified the soil ecology through adverse
effects on microbial population and soil enzymatic activi-
ties (Casida et al. 1964; Dotaniya et al. 2017a, b; Mandal
et al. 2017), and reduced the plant growth and yield
parameters (Sharma and Dubey 2005). Decreasing the Ni
uptake by application of Pb showed the antagonistic effect
that reduces the metal contamination in food chain. It can
be a useful strategy in highly polluted soil to minimize the
land degradation and improve the soil properties. Such type
of interactive effect would show valuable guidelines for
minimizing the soil pollution and land degradation (Bhat-
tacharyya et al. 2015).

Effect of Pb and Ni Levels on BCF, Transfer
Factor, Translocation Efficiency, and Crop
Removal of Ni

The BCF value for the Ni metal was calculated and is
described in Table 6. Results revealed that increasing the
Ni levels had decreased the BCF value for Ni in all the
treatments except at 100 mg kg 'Ni. The control and
150 mg kg~ level of Ni showed BCF at par, which meant
that by increasing the Ni concentration in the soil solution;
spinach crop did not take up more Ni like a hyper accu-
mulator plants. Increasing the Pb levels significantly
(p = 0.05) decreased the BCF value in all the treatments
except control. The value varied 0.162, 0.113, 0.122, and
0.108 in 100, 150, and 300 mg kg_1 Pb in soils, respec-
tively. The interactive effect of all the treatment was also
found with respect to BCF value of Ni. It was found that
increasing the Ni level control to 100 mg kg~ enhanced
the BCF and again in higher treatment levels; it showed no
significant change in BCF at a combination of the highest
level of Pb (300 mg kg™ "). It indicated that increasing the
Pb level hampered the uptake of Ni by spinach crop. The
transfer factor refers to the ratio of metal concentration in
shoots and root parts of the spinach. Increasing the level of
Ni from 100 to 150 mg kg ™' decreased the TF of Ni from
0.444 to 0.388 and again significantly (p = 0.05) increased

Table 6 Effect of Pb and Ni levels on BCF of Ni

in 300 mg kg~' level (Table 7). Increasing the Pb levels
significantly (p = 0.05) decreased the TF of Ni in all the
treatments from 0.641, 0.479, 0.275, and 0.322 in 0, 100,
150, and 300 mg kg~ soil treatments, respectively. The
interactive effect on TF of Ni revealed that maximum TF
factor was reported in the highest level of Ni (300 mg kg ™'
soil) with the lowest level of Pb (0 mg kg™ '). Increasing
levels of Pb from 0 to 300 mg kg~' significantly (p = 0.05)
reduced the TE of Ni in spinach crop (Table 8). The
highest reduction was observed in the maximum level of
Pb application, i.e., from 35.9 to 20.9%. Ni application
enhanced the TE of Ni by 29.4, 26.7, and 30.5% in the
treatments 100, 150, and 300 mg kgfl, respectively,
compared to control. The interaction effect of Ni and Pb
also affected the TE of Ni. Maximum TE was observed at
the highest level of Ni with the lowest level of Pb and the
minimum in the lowest level of Ni with 100 mg kg™' Pb
level. With the increasing Ni levels up to 100 mg kg™'
enhanced the Ni removal by spinach plants. Beyond that,
higher doses of Ni significantly reduced the crop removal
of Ni (Table 9). The crop removal was 0.06, 0.05, and
0.04% in 100, 150, and 300 mg kg~ Ni soil, respectively.
The interactive effect of Pb and Ni on crop removal of Ni
was also significant (p = 0.05) in many treatment combi-
nations. The maximum Ni removal (0.144%) was with
100 mg kg~' Ni, when Pb was applied at lowest level,
whereas the lowest level of Ni removal (0.014%) was
observed in the highest level of both Pb and Ni applied
during the growth of the spinach. This mechanism is con-
trolled by the genetic potential of crop plants as well as the
nature of the toxic metal. In plants, Ni concentration
ranging from 0.1 to 10 mg kg~ indicates sufficiency for
plant nutrition. Most of the essential plant nutrients are
readily absorbed and assimilated by plants (Rattan and
Goswami 2002); however, this uptake pattern is not obeyed
by plants in case of heavy metals. Increasing concentration
of metals (Pb and Ni) in soil and subsequently taken up by
roots caused growth inhibition and toxicity symptoms
(Hall, 2002). By increasing level of Pb, plant develops

Table 7 Effect of Pb and Ni levels on transfer factor of Ni

Pb (mg kg™") Ni (mg kg™ Mean Pb (mg kg™") Ni (mg kg™ Mean
100 150 300 100 150 300

0 0.209 0.169 0.109 0.162 0 0.484 0.683 0.756 0.641
100 0.089 0.131 0.119 0.113 100 0.712 0.286 0.439 0.479
150 0.149 0.113 0.103 0.122 150 0.272 0.240 0314 0.275
300 0.127 0.098 0.098 0.108 300 0.291 0.342 0.333 0.322
Mean 0.143 0.128 0.108 Mean 0.440 0.388 0.461

LSD (p = 0.05)  Pb = 0.021; Ni = 0.021; Pb X Ni = 0.041 LSD (p = 0.05)  Pb =0.127; Ni = 0.127; Pb X Ni = 0.255
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Table 8 Effect of Pb and Ni levels on transfer efficiency (%) of Ni

Pb (mg kg™ ") Ni (mg kg™ Mean
100 150 300

0 32.10 40.07 42.53 38.23
100 41.57 22.23 30.53 31.44
150 21.33 19.33 23.87 21.51
300 22.47 25.30 24.87 2421
Mean 29.37 26.73 30.45

LSD (p = 0.05) Pb = 6.21; Ni = 6.21; PbX Ni = 12.41

Table 9 Effect of Pb and Ni levels on crop removal (%) of Ni

Pb (mg kg™") Ni (mg kg™ Mean
100 150 300

0 0.144 0.119 0.079 0.114
100 0.036 0.040 0.032 0.036
150 0.033 0.030 0.022 0.028
300 0.024 0.020 0.014 0.019
Mean 0.059 0.052 0.037

LSD (p = 0.05) Pb = 0.017; Ni = 0.017; Pb X Ni = 0.035

sequestering mechanism (more accumulation in vacuoles)
to reduce the cell damage due to metal toxicity (Sharma
and Dubey 2005). In this experiment, poor translocation of
Pb and Ni from root to shoot was observed. This might be
due to restriction of metal ion transportation from root to
shoot part by the active transportation of Pb and Ni ions by
the plants (Alia et al. 2015). Lead toxicity mechanisms
inhibit plant nutrient uptake kinetics by limiting the func-
tions of enzymes and transportation system related to ion
uptake (Jaishankar et al. 2014). All the metal accumulation
ratios were negatively performed with increasing concen-
tration of Pb in soil. In metal toxicity conditions, spinach
plants accumulated more amount of Pb in root compared to
the shoot parts (Jones et al. 1973) and translocated in upper
part poorly (Verma and Dubey 2003; Dotaniya et al.
2014d). In most of the cases, Pb ions bind on the root
surface of the plant by ion exchange and more uptake by
the root part compared to shoot (Jarvis and Leung, 2002;
Singh et al. 2016). Nickel is also associated with N meta-
bolism in plants through its influence on enzyme activity;
in Ni deficient or lower doses of Ni application, these
enhanced in metal accumulation in crop plants (Rattan and
Goswami 2002). Higher application of Ni and Pb reduced
the plant metabolic process and also metal uptake pattern
in plants (Khan et al. 1999). Similar results were also
reported in spinach crop (Vallee and Ulmer 1972; Dotaniya
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et al. 2017c). The plant dynamic parameters of Pb and Ni
clearly showed that increasing metal content from con-
taminant soil to plant was positively supported and reduced
the toxicity as self defensive mechanism (Sahu and Dash
2011; Singh et al. 2016). Reducing the metal uptake can be
a viable technology to revive the degraded soil and with the
help of phytoremediation techniques contaminated soil can
also be ameliorated for crop production (Reddy 2003;
Dotaniya et al. 2017c¢).

Conclusions

This waste water contains huge amount of organic and
inorganic loads mainly heavy metals, which reduce food
quality, soil health, and ecosystem services. This study
quantified the interactive effect of Pb and Ni on Ni
dynamics for screening suitable metal prevention strategies
to improve soil health. Increasing the concentration of Pb
in soil reduced the Ni uptake in shoot and root from 0.195
to 0.033 and 0.026 to 0.008 mg pot™', respectively. It
showed antagonistic effect between Ni and Pb concentra-
tions during the course of study. Different metal accumu-
lation ratios indicated negative interaction between the Pb
and Ni, and affected the crop growth and metal concen-
tration of respective elements. These types of study
enhance the understanding of metal dynamics in spinach
crop and helped to formulate the safe management strate-
gies for industrial waste mostly in developing countries.
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