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Abstract With the boom in industrialization, there is an in-
crease in the level of heavy metals in the soil which drastically
affect the growth and development of plants. Nickel is an
essential micronutrient for plant growth and development,
but elevated level of Ni causes stunted growth, chlorosis, nu-
trient imbalance, and alterations in the defense mechanism of
plants in terms of accumulation of osmolytes or change in
enzyme activities like guiacol peroxidase (POD), catalase
(CAT), and superoxide dismutase (SOD). Ni-induced toxic
response was studied in seedlings of finger millet, pearl millet,
and oats in terms of seedling growth, lipid peroxidation, total
chlorophyll, proline content, and enzymatic activities. On the
basis of germination and growth parameters of the seedling,
finger millet was found to be the most tolerant. Nickel accu-
mulation was markedly lower in the shoots as compared to the
roots, which was the highest in finger millet and the lowest in
shoots of oats. Plants treated with a high concentration of Ni
showed significant reduction in chlorophyll and increase in
proline content. Considerable difference in level of
malondialdehyde (MDA) content and activity of antioxidative
enzymes indicates generation of redox imbalance in plants
due to Ni-induced stress. Elevated activities of POD and
SOD were observed with high concentrations of Ni while
CAT activity was found to be reduced. It was observed that
finger millet has higher capability to maintain homeostasis by
keeping the balance between accumulation and ROS

scavenging system than pearl millet and oats. The data pro-
vide insight into the physiological and biochemical changes in
plants adapted to survive in Ni-rich environment. This study
will help in selecting the more suitable crop species to be
grown on Ni-rich soils.
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Introduction

Heavy metals are naturally present in the soil, but their con-
centration has increased to toxic levels in several places due to
industrialization, increased use of fertilizers and pesticides in
agriculture, extensive mining, smelting of metals, burning of
fossil fuels, production of batteries and other metal products in
industries, sewage sludge, and municipal waste. As a result,
the natural biogeochemical cycles have been disturbed
(Raskin et al. 1994; Shen et al. 2002). Natural resources such
as air, water, and soil have been polluted. The accumulation of
heavy metals (HMs) is a problem for ecological, nutritional,
and environmental balance (Nagajyoti et al. 2010). Heavy
metal contamination of soil may pose risks and hazards to
humans and the ecosystem through the food chain, drinking
of contaminated groundwater, reduction in food quality (safe-
ty and marketability) via phytotoxicity, and reduction in land
usability for agricultural production causing food insecurity
(McLaughlin et al. 2000a, b; Ling et al. 2007). Heavy metals
are non-biodegradable, persistent inorganic constituents hav-
ing cytotoxic, genotoxic, and mutagenic effects on humans,
animals, and plants (Flora et al. 2008). Plants need metals for
their growth and development; these metals are categorized
into essential (Fe, Cu, Zn, Mn, Mg, Mo, Se, Cr, Co, and Ni)
and non-essential elements (Cd, Sb, Pb, Ag, As, and Hg)
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(Afshan et al. 2015). Heavy metals infested in the soil become
a nuisance in agriculture as they are found to reduce crop
productivity and enter into the food chain (Adrees et al.
2015; Arshad et al. 2016). The European Food Safety
Authority (EFSA) has also raised its concern about the pres-
ence of Ni in food and feed and recommended systematic
investigation on dietary exposure of Ni in food and feed
(EFSA 2015). Reduced germination and retardation in the
growth of oat seeds were observed in untreated wastewater
(Fendri et al. 2013). Clarkson and Luttge (1989) reported that
Cu and Zn as well as Ni and Cd compete for the same mem-
brane carriers in plants. Nickel is an essential micronutrient
which works as a cofactor for urease, hydrogenase, superox-
ide dismutase, and glyoxalases and plays a role in nitrogen
metabolism, seed germination, and fruit setting (Küpper and
Kroneck 2007). Nickel is found in natural conditions at min-
imal concentrations (10–1000 mg/kg) except in ultramafic or
serpentinic soils (Echevarria et al. 2006). Due to continuous
human disruptive activities like mining, emission of smelters,
and coal and oil burning, levels of Ni have reached up to 200–
26,000 mg/kg in soil (Gimeno-García et al. 1996; Izosimova
2005; Sreekanth et al. 2013). In the present scenario, it is
essential to assess the toxic effects of Ni on living organisms.
At low concentration, Ni has a positive effect on seed germi-
nation and is found to be helpful in iron uptake by plants
(Hänsch and Mendel 2009; Poonkothai and Vijayavathi
2012). But in excess, it adversely affects the seed germination
and seedling growth by hindering the activity of the enzymes
such as amylase and protease as well as disrupting the hydro-
lyzation of food storage in germinating seeds (Seregin and
Kozhevnikova 2006). Severe physiological alterations like
nutrient imbalance, reduced water potential and transpiration,
necrosis, and disorder of cell membrane functions have been
observed at higher concentrations in different plant species
(Rahman et al. 2005; Ahmad and Ashraf 2012). Adverse ef-
fects on plants can be attributed to the direct action of the
metal on photosynthetic system and limiting CO2 uptake
(Gajewska and Skłodowska 2007b; Sreekanth et al. 2013) or
indirectly by competing with several cations like Fe, Mg, Cu,
and Zn at high concentrations to prevent them from being
absorbed by plants. So with the deficiency of Fe or Zn, chlo-
rosis expression occurs in plants (Khan and Khan 2010). At
higher concentrations, Ni can move through phloem and xy-
lem vessels and easily translocate from the root to the upper
parts of the plant (Ishtiaq and Mahmood 2012). It can pass
through the endodermal barrier and accumulate in the pericy-
cle cells (Seregin and Kozhevnikova 2006). After getting ac-
cess in the food chain, Ni mostly targets the digestive track
and the central nervous system of animals and humans (Hanif
et al. 2005). However, Ni-induced harmful effects on plant
growth and metabolism mainly depend on its concentrations
and exposure time along with the developmental stage of the
plant and tolerance level (Khellaf and Zerdaoui 2010; Yusuf

et al. 2011). For that reason, it is a prerequisite to know the
accumulated level of nickel in edible parts of plants for feed
and fodder to ensure human health and food safety (Sreekanth
et al. 2013). In accordance, the HM-stressed plants employ
metal-specific diverse strategies of cellular metal detoxifica-
tion including constrained cellular uptake of metals, formation
of complex compounds in the cytosol, or vacuolar compart-
mentalization to survive in the hostile environment (Sharma
and Dietz 2006; Gill and Tuteja 2010). Plants posses intricate
defense system against oxidative damage which consists of
superoxide dismutase (SOD), catalase (CAT), peroxidase
(POD), and ascorbate peroxidase (APX) representing the en-
zymatic system while the non-enzymatic system includes
ascorbate, proline, mannitol, glutathione, and phenolic com-
pounds (Bhaduri and Fulekar 2012). Ni is known to both
induce and inhibit activity of antioxidative enzymes
(Baccouch et al. 2001). Increased activity of APX in pea
leaves (Gajewska and Skłodowska 2005) and enhanced level
of GPX and SOD in Amaranthus paniculatus were observed
(Pietrini et al. 2015), but suppressed activity of CAT, APX,
and SOD was also reported in Alyssum bertolonii
(Boominathan and Doran 2002).

Proline accumulation is one of the physiological and bio-
chemical modifications which allow a plant to act against
heavy metal stress (Schat et al. 1997). Proline might act as
an enzyme protector by forming a complex with free radicals
(Kaul et al. 2008). Enhanced accumulation of proline in re-
sponse to heavy metals was reported in several plants such as
cabbage (Pandey and Sharma 2002) and Brassica juncea
(Thakur and Sharma 2016).

Cereals including wheat, maize, rice, barley, sorghum, and
millets are the major food sources of the world (Vigouroux
et al. 2011). Human diet majorly depends on wheat and rice,
but with population explosion and due to higher nutritional
value and improved stress resistance, millets and oats are now
getting wider response from food scientists, technologists, and
nutritionists in terms of food security and other health benefits
(Gupta et al. 2012; Amadou et al. 2013). Oat is also a highly
nutritious crop having economic values. Oat seeds have β-
amylase protein like wheat, barley, and rye (Ben Halima
et al. 2016). Amylases extracted from oat seeds are used in
the improvement of the sensory quality and the textural prop-
erties of fresh and stored bread (Ben Halima et al. 2015a).
Along with this, the oil and nutriment compounds have po-
tential use in industrial applications (BenHalima et al. 2015b).
India is the largest producer of millets (FAO, 2014) with an-
nual production of 11.42 million t where it is used for human
beings as well as diverse livestock populations (Saleh et al.
2013).

The objectives of the present study were to provide com-
parative data on the effect of excessive nickel concentrations
on germination, growth, and other physiological and bio-
chemical responses in pearl millet, finger millet, and oats
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and to get insight into crop-specific response to find out the
most tolerant plant which can grow on Ni-contaminated soil.

Material and method

Plant material

Ten varieties of pearl millet (RIB 494, RIB 57, RIB 3135, RIB
192, RIB 20K86, RHB 90, RHB 121, RHB 58, RHB 173, and
RHB 177), five varieties of finger millet (PR 202, PES 110,
GPU 28, GPU 20, and GPU 66), and three varieties of oat
(Quandel jai, H-Javi 08, and NDO 1) were procured from the
Agriculture Research Station, Durgapura; the University
Agriculture Sciences, GKVK, Bengaluru; and the National
Seeds Corporation Ltd., Suratgarh, respectively. The seeds
were thoroughly washed with 20% (v/v) Extran® (Merck,
India) for 3 min followed by washing with distilled water for
three times. Surface sterilization was done with a 0.1% HgCl2
(Merck, India) solution (w/v) for 3 min and then rinsed three
times with sterile distilled water. Sterilized seeds were placed
onMurashige and Skoog basal medium (HiMedia) having 3%
(w/v) sucrose and 0.8% agar (Merck, India). Cultures were
grown in controlled environmental condition at 26 ± 1 °C un-
der a 16-h photoperiod with 25 μmol/m2/s photon flux.
Various concentrations (0, 10, 15, 20, 25, 30, and 40 ppm)
of Ni were added into the medium. For each assay after exci-
sion of the plant, the root and shoot were separated. Each
experiment was performed in triplicate.

Growth parameters

The percentage of seed germination was calculated to choose
the best responding variety for each crop, and then the selected
varieties were used for further experiments. Healthy, non-
contaminated plants were excised after 15 days of seeding.
Root and shoot lengths were measured for each sample. The
fresh (FW) and dry weights (DW) of each heavy metal con-
centration plants were also measured.

Determination of accumulated heavy metal

For the calibration purpose, a stock solution of 1000 ppm was
prepared, and by diluting it, a range of 10, 20, 30, 40, 50, and
60 ppmwasmade. Double-deionized water (Milli-QMillipore
Direct-Q) was used as a blank and for dilution preparation. All
the plastics and glassware were soaked in diluted HNO3

(Rankem) and were rinsed with distilled water before use.
AThermo Fisher Scientific double beam iCE™ 3300 flame

atomic absorption spectrophotometer with deuterium back-
ground corrector and 50MMUniversal finned titanium burner
was used in this study. Air acetylene flame with more than 9-
psi pressure was applied for measurement.

After excision of the plantlets, they were washed and trans-
ferred into a hot-air oven (WTC binder) and were allowed to
completely dry at 65 °C. One gram of dried sample was
crushed with the help of a mortar and pestle. Subsequently,
10 ml of HNO3 was added per gram of dried sample. This
acidic mixture was heated (Tarson Digital Spinot) at 120 °C
for 10min and afterwards at 140 °C until 1-ml volumewas left
after complete digestion. The final volume of sample was
brought to 25 ml with deionized water. All the samples were
filtered through a 0.22-μm non-pyrogenic sterile filter
(Millex®-GS, Millipore) to obtain a clear and transparent so-
lution. A blank digest was prepared in the same way.

Determination of proline content

Proline concentration was estimated using the method of
Bates et al. (1973). Excised seedling tissue (0.5 g) was crushed
with a mortar and pestle in 5 ml of 3% sulfosalicylic acid, and
the homogenate was centrifuged at 13,000g for 10 min at
4 °C. Two milliliters of freshly prepared ninhydrin reagent
and 2 ml of glacial acetic acid were added to 2.0 ml of super-
natant. This reaction mixture was boiled at 100 °C for 1 h. On
completion of the reaction, the tubes were placed in ice, 4 ml
toluene was added, and this was vigorously shaken to extract
the chromophore. Absorbance was taken at 520 nm in a UV-
visible spectrophotometer (UV-1800, Shimadzu) using tolu-
ene as a blank. Proline concentration was determined using a
standard curve prepared with known concentrations of proline
and their respective absorbance.

Lipid peroxidation The level of lipid peroxidation was pre-
dicted by measuring the accumulated malondialdehyde
(MDA) after reaction with thiobarbituric acid (TBA) (Heath
and Packer 1968). Fresh 200-mg sample was homogenized in
2 ml of 5% trichloroacetic acid (TCA) and centrifuged for
15 min at 10,000 rpm. In 1 ml of supernatant, 1 ml of 0.5%
TBA in 20% TCAwas added and heated in boiling water bath
for 30 min. After that, the mixture was immediately placed on
ice to stop the reaction and the absorbance at 532 and 600 nm
was recorded. MDA contents were calculated using the ex-
tinction coefficient of 155/mM/cm.

Antioxidant enzyme assays These enzymes are involved in
the detoxification process by converting H2O2 into H2O and
mo lecu l a r oxygen wh ich a r e p roduced du r i ng
photorespiration-β-oxidation of fatty acids and other stress
conditions (Lin and Kao 2000). To determine the activities
of CAT, GPX, and SOD, 14-day-old plant samples (1 g) were
taken and homogenized with a prechilled mortar and pestle in
0.1 M potassium phosphate buffer (pH 7.0). This mixture was
centrifuged at 13,000g for 15 min at 4 °C, and the collected
supernatant was used to check enzyme activity. All the mea-
surements were taken in triplicates.
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Catalase CAT (EC 1.11.1.6) is a unanimously present, heme-
containing oxidoreductase that is localized in peroxisomes.
Catalase activity was assayed according to Teranishi (1974)
by monitoring the level of H2O2 disappearance (extinction
coefficient 39.4 mM/cm). The reaction mixture comprised
50 mM potassium phosphate buffer (pH 7.0) and enzyme
extract in a 3-ml volume. To initiate the reaction, 10 mM
H2O2 was added and the reduction in absorbance was noted
at 410 nm. The CAT activity is defined as one unit of enzyme
required to decompose 1 mg of H2O2 in 5 min per gram of
fresh weight at 25 °C.

Peroxidase Guaiacol peroxidase (GPX, EC 1.11.1.7) is a gly-
coprotein which is present in the cytosol, vacuole, cell wall,
and extracellular space (Asada 1992). Its activity was deter-
mined according to the method defined by Racusen and Foote
(1965). The reaction mixture contained 0.2 ml of enzyme
extract prepared in phosphate buffer (pH 7.0), 1 ml of 1%
guaiacol, and 0.2 ml of freshly prepared 50 mM H2O2. The
assay depends on the conversion of guaiacol to tetraguaiacol
in the presence of hydrogen peroxide, and this activity was
recorded at 470 nm (extinction coefficient = 26.6/mM/cm).

Superoxide dismutase (SOD; EC 1.15.1.1) activity was
assayed using the method given by Beauchamp and
Fridovich (1971). To prepare the reaction mixture, the follow-
ing components were used: 100 mM K-phosphate buffer
(pH 7.0), riboflavin, methionine, NBT, and enzyme extract,
which were all illuminated for 5 min. One unit of SOD activity
is signified as the amount of enzyme required to cause 50%
reduction in absorbance.

Estimation of chlorophyll

Photosynthetic pigments Chl a and Chl b and total chlorophyll
were estimated using Arnon (1949). In brief, 0.5-g frozen
plant sample was homogenized in 80% acetone (v/v) and cen-
trifuged at 10,000 rpm for 10 min. The absorbance of the
collected supernatant was taken using 80% acetone as blank.

The amount of different pigments was calculated according
to the equation given by Lichtenthaler and Wellburn (1983):

Chla = 12.21A663 − 2.81A646

Chlb = 20.13A646 − 5.03A663

Total chlorophyll = Chla + Chlb

Results

Effect of Ni on germination and seedling growth

After calculating the germination percentage, varieties RIB
494 of pearl millet, PR 202 of finger millet, and Quandel jai
of oats were selected on the basis of their reproducible seed
germination rate. These varieties were further used in every

experimental setup. Higher Ni concentrations inhibited the
germination of seeds of all three plants: finger millet, pearl
millet, and oats. After 3 days of incubation on the media con-
taining Ni, the percentage of germination was recorded
(Table 1). The maximum inhibition on seed germination was
observed in oats at a concentration of 30 ppmwhichwas about
23% whereas no seeds germinated at 40 ppm. At lower con-
centrations of Ni, particularly at 10 ppm, there was no signif-
icant difference in the percentage of seed germination com-
pared to control.

With an increase in Ni concentration, toxic effects were
clearly visible on seedling growth. The roots were more af-
fected with suppressed length than shoots. Root length was
significantly affected in finger millet and pearl millet. The
magnitude of root length reduction due to Ni was the least in
the case of pearl millet across all concentrations. In finger
millet, there was a slight increase in root length at 10 ppm
Ni in the medium. In the case of oats, at 20 ppm Ni, there
was negligible root formation observed. The dry weights of
the root and shoot were found to be reduced in all three plants
with an increase in Ni concentration (Table 2). At higher Ni
concentrations, the color of the roots and the stem portion of
the shoots turned brownish and shoot length was also mark-
edly suppressed (Fig. 1).

Accumulation of Ni in root and shoot

The gradual hike of accumulated Ni was observed in all three
plants with increased Ni concentrations in the medium
(Table 2). The accretion of metal ions was considerably great-
er in the roots than in the shoots of all three plants. Maximum
Ni buildup was found in the roots of finger millet at 40-ppm
concentration. The allocation of the amount of Ni from the
root to the shoot was greater in finger millet.

Effect of Ni on free proline content

The seedlings exhibited an increase in proline content as the
concentration of Ni rises in the medium. At 40 ppm, proline

Table 1 Percentage of seed germination in finger millet, pearl millet,
and oats at different concentrations of Ni supplied

Metal concentration (ppm) Finger millet Pearl millet Oats

Control 95.3 ± 2.33 93.3 ± 2.10 92.4 ± 2.54

10 86.7 ± 2.10 80.0 ± 2.58 73.3 ± 2.10

15 76.7 ± 4.01 70.0 ± 3.41 63.3 ± 1.67

20 70.0 ± 2.24 60.0 ± 2.58 46.7 ± 2.80

25 63.3 ± 1.67 53.3 ± 2.10 36.7 ± 1.88

30 43.3 ± 1.67 40.0 ± 2.58 23.3 ± 2.54

40 36.7 ± 1.48 30.0 ± 3.41 0.0

Data represent average of three experiments ± SE
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content was 4.3- and 4-fold in the shoot than that of control in
finger millet and pearl millet, respectively, while in oats, no
seed germination occurred. Similarly, in the root part, at
40 ppm, 5.7- and 5.4-fold proline was measured in finger
millet and pearl millet, respectively. Oats showed a rise in
proline level up to 2.8-fold in the shoot and 3.5-fold in the
root (Fig. 2).

Effect of Ni on lipid peroxidation

Lipid peroxidation was measured with the formation of MDA
content. Lipid peroxidation of the roots and the shoots of
finger millet, pearl millet, and oats decreased significantly
with an increase of concentration of Ni. The lowest MDA
content was measured in oats at 30 ppm (Fig. 3).

Effect of Ni on antioxidative enzymes

SOD activity in the roots and shoots of finger millet, pearl
millet, and oats exhibited augmentation in relation to ris-
ing concentrations of externally supplied Ni as compared
to controls (Fig. 3). The roots and shoots of finger millet
showed higher activity of SOD (Fig. 3). In contrast, cat-
alase activity of both the roots and shoots of finger millet,
pearl millet, and oats was reduced significantly with an
increase in metal concentration (Fig. 4). The peroxidase
activity of the roots and shoots of finger millet, pearl
millet, and oats was boosted up initially and then declined
(Fig. 4). In the shoot of finger millet, a noteworthy in-
crease in GPX activity was measured up to 20 ppm Ni
concentration; after that, there was no significant rise
measured. Instead, a slight reduction was observed.
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Fig. 1 Effect of nickel on the length of a roots and b shoots of seedlings
in finger millet, pearl millet, and oats. Data represent arithmetic
means ± SE of three experiments. Different letters represent significant

differences among plants with the same treatment (Tukey’s test; p < 0.05).
Asterisks mean not determined
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Fig. 2 Effect of various concentrations of Ni on free proline content in a
roots and b shoots of finger millet, pearl millet, and oats. Data represent
arithmetic means ± SE. Different letters represent significant differences

among plants with the same treatment (Tukey’s test; p < 0.05). Asterisks
mean not determined

23920 Environ Sci Pollut Res (2017) 24:23915–23925



Likewise, in the roots, peroxidase activity increased up to
20-ppm concentration, then it declined. In the case of
pearl millet, the peroxidase activity surged significantly
in the shoots up to 15-ppm concentration. After that, a
considerable reduction was measured with increasing con-
centration of Ni; although, in the roots, GPX activity in-
creased up to 15-ppm concentration, then no significant
reduction was seen. Similarly, in the shoots of oats, per-
oxidase activity upregulated significantly up to 25 ppm.
After that, the activity diminished and in the roots, the
peroxidase activity rose initially and became constant at
25-ppm concentration.

Chlorophyll content

The total chlorophyll content decreased significantly with
the increase of Ni concentrations in all three crops (Fig.
5). In pearl millet, maximum chlorophyll reduction was
observed, whereas minimal effect was seen in finger
millet.

Discussion

The present study investigated the toxic effect of nickel over a
range of concentrations (0, 10, 15, 20, 25, 30, and 40 ppm) on
seedling growth parameters and biochemical changes in finger
millet, pearl millet, and oats. The data obtained helped in
identifying the tolerant crop which could be used for
phytoremediation or as feed and fodder in Ni-contaminated
areas.

Earlier studies showed that nickel infestation in the soil or
medium leads to the inhibition of seed germination (Rao and
Sresty 2000; Hossein Khoshgoftarmanesh and Bahmanziari
2012). Notable nickel-induced inhibition of seed germination
was recorded in all three crops with the increase in concentra-
tion of Ni. Less than 40% of the seeds of finger millet and
pearl millet germinated at 40-ppm concentration, and no oat
seeds germinated at 40 ppm.

Ni accumulation in the roots and shoots of finger millet,
pearl millet, and oats and its adverse impacts on plant
physiologywere studied. Ishtiaq andMahmood (2012) report-
ed that at higher concentration, Ni easily moves through
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Fig. 3 MDA content in a roots and b shoots and SOD activity in c roots
and d shoots of seedlings in finger millet, pearl millet, and oats in
response to different concentrations of Ni. Data represent arithmetic

means ± SE of three experiments. Different letters represent significant
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phloem and xylem vessels, so it can be translocated smoothly
from the root to the upper parts of plants (Bai et al. 2013). It
was manifested that plants having more tolerant power show
more accumulation of heavy metals in their roots (Rao and
Sresty 2000). In our results, finger millet was found to be the
most tolerant plant among all tested plants with the highest
percentage of germination and accumulation of Ni in the
roots. Dry matter accumulation in the roots and shoots of
plants was also affected negatively on nickel treatment.
Higher concentrations of Ni reduced the root and shoot sig-
nificantly which is in line with the previous studies (Zurayk
et al. 2002; Maheshwari and Dubey 2009).

Proline is likely to be involved in osmoregulation in a water
imbalance condition under heavy metal stress in plants; along
with this, it is also involved in cellular antioxidative defense
mechanism as shown in proline-overproducing transgenic
Chlamydomonas reinhardtii (Kaul et al. 2008). Proline plays
an important role in protecting the enzymes against toxicity
induced by Cd and Zn (Siripornadulsil et al. 2002). Enhanced
free proline content in the roots and shoots of all three crops,
finger millet, pearl millet, and oats, was observed with the
increase in Ni concentration which is aligned with the

established HM-dependent proline accumulation in several
plant species (Gajewska and Skłodowska 2005; Sharma and
Dietz 2006).

Lipid peroxidation measured by MDA content is an effec-
tive sign of oxidative damage. Ni-stressed plants exhibit an
increased level of lipid peroxidation (Maheshwari and Dubey
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2009; Pietrini et al. 2015), but our result showed a reduction in
MDA content, which is in sync with other studies (Gajewska
and Skłodowska 2007b; Thakur and Sharma 2016). A reduc-
tion in lipid peroxidation in the roots and shoots was observed
in all three plants tested, and it was found to be the highest in
finger millet followed by pearl millet and oats. Constitutively,
high antioxidant capacity and high synthesis of antioxidant
enzymes may prevent the oxidative damage and make the
plant resistant to oxidative stress.

Heavy metal (Cr, Cu, Ni, Cd, Zn, Pb, etc.) toxicity leads to
the production of reactive oxygen species in both agronomic
and non-agronomic plants which results in physiological and
biological disorders that cause significant damage to cellular
constituents and enzymatic imbalance (Yan et al. 2008;
Siddiqui et al. 2013). To alleviate these reactive oxygen spe-
cies, plants have specific ROS-scavenging machinery that in-
cludes the production of intracellular SOD, catalase, and per-
oxidase (Mittler 2002; Adrees et al. 2015). Assche and
Clijsters (1990) have reported that SOD serves as a key guard
to prevent plants from heavy metal-induced oxidative stress.
The capacity of plants to overcome oxidative stress partly
relies on the induction of SOD activity and consequently on
the upregulation of other downstream antioxidant enzymes
(Alscher et al. 2002). SOD destroys superoxide, forming
H2O2, which in turn may be detoxified by catalase and perox-
idase; consequently, the formation of the hydroxyl radical is
prevented since it is produced by the interaction of superoxide
and H2O2, being catalyzed by transition metal ions (Elstner
1982). Some research group mainly focused on antioxidative
response generated in the roots as they sequester more Ni than
the shoot parts (Baccouch et al. 2001; Boominathan and
Doran 2002). Increased SOD activity was observed in the
roots and shoots of all three plants tested with an increase of
metal ion concentration which proves its role in ROS scav-
enging and supports previous studies (Rao and Sresty 2000;
Pietrini et al. 2015).

Catalase and peroxidase are important antioxidative en-
zymes that function in the cells to prevent the buildup of
reactive oxygen species (Halliwell and Gutteridge 1999).
Edreva et al. (1989) reported that plant peroxidases have been
used as genetic markers in genetic physiological and patho-
logical studies and play the role of Bstress enzymes^ in plants.
Peroxidases also play an important role in the defense mech-
anism against oxidative stress conditions (Gabbrielli et al.
1987). Peroxidase activity increased at lower concentrations
of Ni, and then it decreased at higher concentrations in the
plantlets of all three crops treated. It has been reported earlier
also that the increased peroxidase activity is not only correlat-
ed with metal ion concentration (VanAssche et al. 1988) but is
also related with biomass production (Rao and Sresty 2000).
Previously, Gabbrielli et al. (1987) and Van Assche et al.
(1988) reported increased peroxidase activity in the leaves of
Silene italica and Phaseolus vulgaris, respectively. Among all

three plants tested, finger millet showed the maximum in-
crease in peroxidase activity. Reduced peroxidase activity
was also reported in the leaves of Brassica sp. (Nouairi et al.
2009) and B. juncea (Thakur and Sharma 2016) and the roots
of A. bertolonii (Boominathan and Doran 2002) while in-
creased peroxidase activity was reported in wheat shoots
(Gajewska et al. 2006).

Catalase is also a major player in cellular defense system as
it is known to catalyze the decomposition of hydrogen perox-
ide to water and oxygen, and it is one of the key enzymes
involved in the removal of toxic peroxides (Mhamdi et al.
2010). An increase in catalase activity can be explained by
an increase in its substrate, i.e., to maintain the level of H2O2

as an adaptive mechanism of the plants (Reddy et al. 2005).
Catalase exhibited a substantial decline in activity due to Ni
treatment in the plantlets of all three plants tested. It has been
reported that heavy metals can inhibit the synthesis of catalase
and other oxidase proteins during seed germination
(Gajewska and Skłodowska 2007a). Nickel-induced reduction
in catalase activity has also been reported in B. juncea (Thakur
and Sharma 2016), wheat shoots (Gajewska et al. 2006), and
pigeon pea (Rao and Sresty 2000).

Toxic levels of heavy metals adversely affect photosynthet-
ic apparatus and chlorophyll content, which are used to mon-
itor the heavy metal-induced damage in the leaves (Schickler
and Caspi 1999; Asopa et al. 2016). Reduced chlorophyll
content and interruption of electron transport due to Ni toxic-
ity were also reported in other studies (Gajewska and
Skłodowska 2007b; Sreekanth et al. 2013). At higher concen-
trations of Ni, it was observed in maize that photosynthetic
protein complexes and the rate of Hill reaction got affected
(Ghasemi et al. 2012). In the present study, chlorophyll con-
tent was reduced with an increase in Ni concentration in the
medium; maximum decay in chlorophyll content was ob-
served in pearl millet as compared to finger millet and oats.

Conclusions

The heavy metal nickel strongly influences germination pa-
rameters of crop plants, and it is worthy to simulate how cereal
crops are affected and how tolerant or susceptible they are
against this metal. The roots have higher capacity to accumu-
late Ni than the stem shoot part which suggests a plant’s ability
to mitigate the effects of heavy metal toxicity by accumulating
it in the roots. Also, plants show defense response such as
activation of antioxidative enzymes and proline accumulation
to prevent or fix the harmful effects caused by metal stress.
Our data proved metal tolerance of three plants in the follow-
ing order: finger millet > pearl millet > oats. Testing tolerance
mechanism towards metal toxicity is crucial to broaden our
understanding of the physiological responses that allow plants
to survive in polluted soils, which can help to improve traits of
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plants, which can then be used for phytoremediation and pro-
duction of food in otherwise non-fertile soils.
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