Impact of Excess Nickel on the Seed Germination, their
Growth and Other Physiological Characteristics of Spinach

Girish Chandra Pathak®”, Nilu Singh?, Rajiv Dwivedi? DOI: 10.18811/ijpen.v11i02.20

ABSTRACT

From the beginning of Industrial Revolution, heavy metal concentration changed dramatically in the environment and it, led to metal
toxicity. Contamination of soil and groundwater by heavy metals becomes a serious threat to the environment and human health. In
trace amounts, certain heavy metals are required for the normal growth and development of plants, and in excess amounts, they cause
toxicity to plants, humans and animals. In this study, we conduct a test on spinach (Spinacia oleracea L.) to find out the toxic effect of
nickel on seed germination, root and shoot growth and antioxidant enzymes. A Set of four solution culture experiments was done with
different concentrations of Ni (control, 10, 100 and 200 uM). Nickel toxicity leads to a reduction in germination (no. of seeds), shoot and
root length, as compared to seeds germinated in low nickel (control). It also reveals the antioxidative defense mechanisms of plants,
first increasing enzyme (catalase) activity at 10 uM Ni but later getting inhibited on increasing the Ni concentration 100, 200 uM. The

increase in Ni toxicity it leads to the breakdown of the antioxidative defense mechanisms of plants.
Keywords: Antioxidative defense, Catalase, Micronutrients, Nickel toxicity, Physiological parameters, Seed germination.
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INTRODUCTION

N ickel is now considered an essential micronutrient for the
proper growth of plants and also for their development
in low concentration (da Silva et al.,, 2012). As mentioned by
Mulrooney and Hausinger (2003) Ni plays a major role in
metabolic processes, like methane biogenesis, hydrogen
metabolism, ureolysis and acitogenesis and also in many
physiological processes, like seed germination, seedling growth
and biomass production (Torres et al., 2016).

Due to industrialization and urbanization, there is a gradual
increase in the concentration of pollutants like chemical
fertilizers, pesticides, heavy metals and petroleum products in
our natural resources like soil, water and air, which degrade their
quality and also affect both plants and animals (Singh, 2020).

Nickel is a hard transition element that shows a silverish-
white color and, is present in a solid state and is mainly used for
making coins, jewelry and stainless steel. Ni is a natural heavy
metal that is present in water, air, sediments and soil (Kieling-
Rubio etal., 2012).

There are many compounds of nickel, like Ni (CH;CO,),,
NiCO;, Ni (OH), and NiO, which are commonly used in various
industrial processes (WHO 1991). In fresh water generally
contains approximately 300 ng dm of nickel. The concentration
of Ni in an agricultural field is about 3 to 1000 mg of Ni/Kg of
soil but it may vary in soil near industries or oil refineries and
dried sludge up to 24000 and 53000 mg kg™ of Ni, respectively.
At pH 6.5, some compounds of nickel show higher solubility in
soil, butitis mostly found in insoluble hydroxides format pH 6.7
(Bhalerao et al., 2015). There are some studies that found that
Ni shows toxic effects on the mitosis processes by disturbing
the spindle formation in both serpentine and non-serpentine
seedlings and it also causes aberrations of root-meristem cell
division on chromosomes (Pavlova, 2018).

Ni shows different ecotoxicities in soil, which depend upon
its various salt forms (due to their anionic partner). Their toxicities
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rank as follows: NiSO,< Ni (CHCOO) < Ni (Il)-citrate <NiCl< Ni
(I-EDTA (Nie et al., 2015).

In excess Ni concentration, it shows toxic effects in plants
by inhibiting seed germination, photosynthesis processes,
metabolism (Pandey and Pathak, 2006), and normal plant
growth (Parlak, 2016). Nickel in higher concentration can change
many metabolic processes of plants like the ratio of water and
mineral uptake, nutrients dynamics, inhibit the enzymatic
rate and alter enzyme structure, open and closing processes
of the stomata, degrading chlorophyll molecules and disrupt
the electron transport in photosynthesis processes, reduce
its photosynthesis rate, decrease the chlorophyll content and
decrease the productivity of plants (Yusuf et al., 2011; Bybordi
and Gheibi, 2009).

As reported by Ahmad et al,, (2011) that Ni causes toxicity
to most plant species by affecting some enzymes activity
like protease, amylase and ribonuclease which may lead to
a reduction in the percentage of seed germination and the
biomass production of crops. In some study, it was found
that excess Ni may impair the digestion of proteins and
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carbohydrates and their mobilization in germinating seeds,
reduction in root and shoot length, reduce chlorophyll content,
reduction in biomass production and alter the activity of enzyme
carbonic anhydrase (Siddiqui, et al,,2011). In mung beans, nickel
toxicity also affects the photosynthetic pigments, reduces their
yields and leads to the accumulation of other ions like Ca**"Na*
and K* in mung bean (Ahmad et al.,2007). Heavy metal toxicity
and abiotic stress affect many plant processes, including as
germination of seeds, their growth, osmotic homeostasis,
photosynthesis and, carbohydrate metabolism, etc. (Sethy and
Ghosh, 2013). In soil, excess Ni shows negative impacts on the
growth and yielding of mung beans at various concentrations
of Ni (Alietal., 2015).

In all wheat cultivars, the percentage of seed germination
gradually decreases as an increase in the NiCl, concentration,
while NiCl, at 0.05 mg/L shows normal seed germination.
It shows that a high concentration of NiCl, had a negative
effect on seed germination of wheat cultivars and it drastically
depressed root growth (Kumar and Verma 2018). The study has
found 14-day-old seedlings of Triticum aestivum cv. Vergina,
by increasing the concentration, shows that most symptoms
appear on roots and decreased shoot growth. A study on soya
beans by Prasad et al. (2005) shows growth of seedlings was
highly reduced due to the accumulation of Ni in leaves, which
may inhibit some important biochemical and physiological
processes.

In coriander and milk thistle seedlings, different
concentrations of nickel nitrate Ni(NO;), show a negative
influence on their growth traits. High concentration Ni (NO;),
reduced radicle growth during the experiment, but radicle
growth was stopped in the final days of the experiment,
which led to their death. A high concentration of Ni negatively
influences the seed vigor index and their germination. Itis found
that Ni in high concentration shows inhibitory effects on the
growth traits of Milk thistle and coriander seedlings, but the
impact is more dramatic on milk thistle seedlings (Poozeshet et
al., 2014; Batool 2018).

Spinach is a green, leafy vegetable that is highly rich in
vitamins (vitamins A, C and K) and minerals (K, Fe, Ca, Mg,
nitrate), lutein, an antioxidant, folate and fibers. It has various
health benefits like lowering blood pressure levels, reducing
oxidative stress, helping in preventing the growth of cancer
cells, eye health, etc. Because of the enriched nutrients make
it great staple vegetable for a diet. Consumption of vegetables
is an important pathway through which heavy metals enter in
food chain. As reported by Genchi et al. (2020), when a human is
exposed to exposure of heavy metals, it causes severe diseases
like cardiovascular disease, respiration-related disease (lung
fibrosis, lung and nasal cancer), allergies and kidney diseases.

In this study, we consider Ni a toxic substance and an
important environmental pollutant due to its availability and
persistence in soil. This experiment is set to examine the effect
of excess Ni on seed germination, root and shoot length and
activity of antioxidant enzymes in spinach. While heavy metal
stress on plants has been widely studied, the specific impact
of nickel toxicity on spinach (Spinacia oleracea L.) might be less
documented. Spinach is an important leafy vegetable, and
understanding how nickel accumulation affects its growth and
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safety for consumption has practical importance. Spinach is
an important leafy vegetable, and understanding how nickel
accumulation affects its growth and safety for consumption
has practical importance.

MATERIAL AND METHODS

We perform this experiment to detect the negative effect
of excess Ni on seed germination and on their growth and
development by using the solution culture technique.

Solution Culture Technique

A set of solution culture experiments were planned to estimate
the phytotoxic impact of Ni on early seedling germination and
biochemical changesinits components, on the seeds of mustard
and spinach. First, we sterilize the seeds by using 5% (v/v) HgCl,
solution and wash them properly by using deionized amnesty
still water (MSW) before their germination. At room temperature,
first, the petri dishes with threefold filter paper and then soak
the treated seeds properly in MSW in Petri dishes. Glass/distilled
water is used for culture work and also for supply of nutrition.
We prepared standard nutrients solution for proper seed
germination and their growth by using different nutrients like
4 mM KNO3, 4 mM Ca(NO3),, 2 mM MgSO,, 0.4 mM (NH,),SO,,
30 pM Nacl, 0.33 uM HBO;, 2 uM MnSO,, 0.3 pM CuSO,, 0.8 uM
ZnSO,, 0.1 uM Na,Mo0O,, 0.1 uM CaSO,, 0.1uM NiSO, and 20 uM
Fe EDTA (Hogland and Arnon, 1950). NiSO, is used for the supply
of Niat various concentrated 0.1 pM NiSO,, 10, 100 and 200 pM,
as indicated in different experiments. Four slots of Petri dishes
containing 50 seeds were set up for each treatment. We used
AR-grade salt for the preparation of macronutrients (without
NiSO,) and micronutrients stock solution and acid-washed
Pyrex glass reagents bottles were used to store the stock
solution. By diluting the stock solution 10 times, we prepared
inter stock solution that provide the various macronutrients and
micronutrient elements at a required concentration (pH = 6.5
approximately). To maintain the level of nutrients in the culture
solution, we changed the solution on an alternate day.

Antioxidant Enzymes

Extraction

we homogenized collected fresh leaves with 2 mL of 150 mM
K;PO, buffer at pH 7.0, which contains 2% PVP and 1 mM EDTA
(we also added 1 mM of ascorbate for APX). We centrifuged the
prepared homogenate at 15000 rpm for 10 minutes and we
used obtained supernatant for the enzyme preparation. The
temperature was maintained at 4°C for the preparation of all
enzymes.

Superoxide dismutase

Superoxide dismutase has the ability the inhibit the activity
of NBT by photochemical reduction. By using this ability, we
determined the SOD activity. In 3 mL of the reaction mixture, it
contains 50 mMK;PO, buffer (pH 7.8),75 uM NBT, 0.1 mM EDTA,13
mM methionine, 2 uM riboflavin and 0 to 50 uL enzyme extract.
At last, we added riboflavin and on test tubes, bright light was
supplied for 10 minutes. In blanks, bright light was not supplied
and above-prepared reaction mixtures with no enzyme extract
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show the highest color peak at 560 nm. We inhibit the activity of
the reaction mixture by using 3mM KCN to determine the Zn/Cu
SOD and subtract its amount from the total SOD. By using the
percentage of inhibition, enzymes were qualified (Beauchamp
and Fridovich, 1971).

Catalase

We used Euler and Josephson’s (1927) method for the analysis
of catalase by adapting the permanganate (KMnO,) titration
method. The temperature was maintained at 25°C foran enzyme
reaction. We prepared a reaction mixture of 0.025M K;PO, buffer,
which contained 0.005M H,0, and pH was maintained at 7.0 and
we used 0.1N KMnO, for standardizing the reaction mixture.
By adding 1-mL of enzyme extract (diluted), the reaction was
started. After 5 minutes, add 2 mL of 2N H,SO, to stop the
reaction. In blanks, before adding the enzyme extract, add
H,SO, to the prepared reaction mixture and run the reaction
simultaneously. The remaining H,0, in the prepared reaction
mixture was titrated By using 0.1 N KMnO, for titration of the
remaining H,O, in the prepared reaction mixture and using H,0,
to express the activity of catalase.

Peroxidase

We used Luck’s (1963) modified method for assaying peroxidase.
At 25°C reaction was performed. In the prepared reaction
mixture, it contains 2 mL 0.1M K;PO, buffer (pH = 6.0), 1-mL
0.5% p-phenylene diamine and 1-mL of 0.01% H,0,, which was
added. To start the reaction, add 1-mL of enzyme extract to the
prepared reaction mixture and keep it for 5 minutes to proceed
with the reaction. To stop the reaction, we use 2 mL 4N H,SO,.
In blanks, before adding the enzyme extract add 2 mL H,SO,
and simultaneously run the reaction. After that, refrigerate the
reaction mixture for 20 minutes and later, at 4000 x g, centrifuge
it. For reading the colour intensity, we used a spectrophotometer
at 485 nm.

Ascorbate peroxidase

We used Nakano and Asada’s (1981) method to measure the
activity of APX. Prepare a reaction mixture by adding 50 mM
K;PO, buffer at pH = 7.0, 0.5 mM ascorbate and 0.1 mM H,0, at
290 nm. Oxidation of ascorbate was measured as absorbance
per minute.

Presentation of Data

We used ANOVA for data analysis. In the table we give the
least significant difference (LSD at p = 0.05) and mean value.
We present our results in the form of bar diagrams for better
understanding and visuals.

REesuLTs

Seed germination

Nickel in trace amounts is necessary for normal growth and
development of plants, but the high concentration of it causes
nickel toxicity which results in chlorosis and necrosis in plants.
Germination percentage gradually reduced in all spinach seeds
as elevating the level of nickel in the solution. In contrast,
10 uM of nickel concentration of nickel had adverse effects
on seed germination of spinach. Seeds soaked in 100 and
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200 uM nickel concentrations showed minimum germination as
compared to the control set, as recorded in Table 1. The petri
plates having nickel concentrations of 100 and 200 uM reduced
seed germination by 72%. It is clear from the present findings
that excess nickel show negative effects on germination of seed
and their growth.

We found that excess Ni shows an inhibitory effect on
seedling growth. Ni in high concentration gradually reduces
the length of root and shoot in Spinach plants, as recorded
in Table 2. The minimum root length and shoot length were
noted at 200 uM of Ni 0.7 and 0.9 cm, respectively. Nickel in high
concentration inhibits the plant growth by reducing the supply
otheressential ions.

10 uM Ni stimulated the activity of catalase, but 100 and 200
MM Ni inhibited its activity, as shown in Fig. 1(b). The activity of
peroxidase was inhibited by 10 uM Ni but increased in response
to 100 and 200 pM Ni supply, as shown in Fig. 1(c). Antioxidant
enzyme SOD shows a marked increase in its activity and
increased concentration of antioxidants, supply of Niat 10 and
100 pM Ni as shown in Fig. 1(a). Ascorbate peroxidase activity
increased at 10 uM, but later, it decreased as an increase in Ni
concentration, as shown in Fig. 1(d). However, with a constant
supply of Ni, especially in seedlings supplied 100 and 200 pM,
the toxicity effects were enhanced and were reflected in the
breakdown of the antioxidative defenses of plants. This was
manifest as the appearance of the visible symptoms death of
plants initial stage. The tissue concentration of Fe decreases
with increases in Ni toxicity Table 3.

Table 1: Toxic effect of Ni on seed germination of spinach

Seed Number of seeds that germinate

ZZ;’S”;’Z’J;O” Control  Ni(10uM)  Ni(100uM)  Ni (200 uM)
treatment

3 Days 32+15 20+£14 3+05 2+03

6 Days 42+25 29%+13 8+0.5 6+04

12 Days 44+23 31+£13 11£1.0 9+0.7

Table 2: Toxic effect of Ni on shoots and root length of spinach plant
12 days after treatment.

Ni treatment Shoot length (in cm) Root length (in cm)
Control 34+03 29+0.2
10 uM Ni 26+0.6 1.7+0.2
100 uM Ni 1.1+0.2 0.9%0.1
200 pM Ni 0.9+0.2 0.7+0.1

Table 3: Effect of Ni toxicity on tissue iron (leaves, stem, root) in
spinach 3, 6 and 12 days after Ni treatment.

Tissue Feug  Treatment
-1
g dyWt control  Ni(10uM)  Ni(100uM)  Ni (200 uM)
3 Days 32+26 20£17 3402 2+0.1
6 Days 42£28 29425  8+05 6+03
12 Days 44+25 31419 11405  9+04
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Fig. 1: Effect of NiCl, on the antioxidant enzymes (a) SOD content, (b) CAT content, (c) Peroxidase (POD) content and (d)
APX in spinach 12 days after treatment.

Discussion

This study described the negative impact of nickel in excess
amounts, particularly on the germination of seeds and the
growth of spinach. The result shows that Ni contamination
significantly decreased the number of seed germinates and
seedling growth with comparison to the seed germinating in
low Ni concentration (control). As mentioned by Pandey and
Sharma (2002), this significant decrease in the percentage of
seed germination and their growth rate is because of nutrient
imbalance of Mg?* ions by excess Ni, which inhibits chlorophyll
biosynthesis. NiCl, in low concentration (5 mg/L) shows a
positive effect on the percentage of seed germinates, their
growth rate and fresh and dry weight in all wheat cultivars
(Kumar and Verma, 2018; Hassan et al., 2019). By increasing NiCl,
concentration, the percentage of seed germination is reduced
in all wheat cultivars, while low NiCl, concentration (0.05mg/L)
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stimulates seed germination in all wheat cultivars (Kumar and
Verma 2018) and similar results were found in Guar (Prajapati et
al.,, 2022), finger millet, pearl millet and oats (Gupta et al., 2017).
In guar, a maximum reduction in number of seed germination
was observed at 500 ppm of Ni (Prajapati et al.,, 2022).

High concentrations of nickel 100uM and 200uM show
a significant decrease in root length of spinach plants in
comparison with 10 uM concentration. Plant growth shows a
negative effect under the supply of Ni in high concentrations
that lead to metal toxicity, but nickel is a micronutrient that,
in low concentrations, can improve the growth of rice plants
like seedling growth, fresh and dry weight and seedling index
(Khan et al., 2020). Nickel in low concentration is necessary
for the proper growth and development of plants (Urucet al.,
2016; Sreekanth et al., 2013). Reduction in root growth was
observed by 37 and 53% in wheat seedlings at 100 and 200 uM
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of Ni, respectively (Ain et al., 2016) and same similar result was
found in field beans, lettuce and maize by Antonkiewicz et al.,
(2016). The shoot length of mung bean is highly decreased in
all high-concentration nickel treatments in comparison to the
shoot length of mung bean in low concentration or control
(Anjum et al., 2023). Nickel in high concentration decreases
plant growth by inhibiting the cell division at root meristem
(lvanov etal., 2021). NiCl, in high concentration shows a gradual
decreasein root length of all wheat cultivars (Kumar and Verma
2018). Accumulation of Ni get a decrease in root when NiCl,
concentration is more than 50uM (Wang et al., 2009). Nickel
shows adverse effects on root length under high concentrations.
In wheat cultivars at high Ni concentration (500 ppm), root
length was 1.33 cm long and in control (at low conc.), it was 2.52
cm long (Prajapati et al., 2022).

As mentioned by Hassan et al., (2019), Nickel toxicity causes
necrosis and chlorosis and causes oxidative damage in plants
by inhibiting many physiological processes. Ni toxicity induces
changes in the activity of peroxidase, Catalase and Superoxide
dismutase enzymes (Bhalerao et al., 2015). At 60 mg/L of Ni
treatment, activity and concentration of catalase increase
significantly in sweet potatoes. The SOD and peroxidase
enzymes activity increases at 15 mg/L of Niand later at 30 mg/L
and 60 mg/L Ni treatment, its activity reduced, but their activity
was still higher than the control (Kumar et al., 2022) and similar
result found in maize (Amjad 2020). The Niin high concentration
results in a high amount of H,O, (Naz et al., 2022). SOD shows
higher activity in the shoot and root length of the finger millet.
The activity of catalase in root length and shoot length of finger
millets, pearl millets and oats get reduced with an increasing
concentration of Ni. The activity of peroxidase first increased
and then decreased (Gupta et al., 2017).

As the concentration of Niincreases, the activity of ascorbate
peroxidase also increases in spinach seedlings. A similar result
was found in the sponge gourd; an excess supply of Nileads to an
increase in APX activity. In comparison with control plants, APX
activities get reduced in excess Ni-treated leaves and shoot from
62.5 to 30.4%. On supply of excess Ni, activities of antioxidant
enzymes like APX, CAT, POD, and SOD were increased (Awasthi
et al., 2013) and similar results found by Pandey et al., (2006)
in green gram. APX activity was increased under Ni stress at
Toth and 25™ day of treatment from 119 and 5 to 141% and
86%, respectively, compared to the control plant (Dubey and
Pandey 2011).

CONCLUSION

Excess Ni has significant effects on spinach, decreasing
the number of seed germination, their growth and various
physiological parameters. Nickel toxicity severity depends
on their concentration, period of exposure, and the specific
environmental conditions. From this study, we concluded that
low Ni had a stimulatory effect on the germination of seeds
and seedling growth on spinach seeds. Using Ni more than
10 pg/L had greatly affected the germination and growth,
resulting in chlorosis (yellowing of leaves) and reduced root
and shoot growth. Ni concentration higher than 10 pug reduces
their radicle growth and leads to their death on the final day of
the experiment. Nickel contamination highly influenced seed
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vigorindex and seed germination. Understanding these effects
can help in developing strategies to manage nickel toxicity in
spinach cultivation.

ACKNOWLEDGMENTS

The authors are thankful to the Head Department of Botany,
University of Lucknow, for providing Glasshouse and instrumental
central facilities for analytical work during the experiment.
Author Nilu Singh is also thankful to CSIR for financial assistance
as JRF during this study.

AuTHOR’s CONTRIBUTIONS

Author Nilu Singh is involved in the experiments, data
compilation and writing of the article. Rajiv Dwivediand G C
Pathak are involved in the overall idea, conception and design
of the article and for giving crucial inputs and supervision
from time to time.

CONFLICT OF INTEREST
The authors declare no conflict of interest.

REFERENCES

Ahmad, M. S. A., & Ashraf, M. (2011). Essential roles and hazardous effects
of nickel in plants. Reviews of Environmental Contamination and
Toxicology, 214, 125-167.

Ahmad, M. S. A., Hussain, M., Saddiq, R., & Alvi, A. K. (2007). Mungbean: a
nickel indicator, accumulator or excluder? Bulletin of Environmental
Contamination and Toxicology, 78, 319-324.

Ain, Q., Akhtar, J., Amjad, M., Haqg, M. A., & Saqib, Z. A. (2016). Effect of
enhanced nickel levels on wheat plant growth and physiology under
salt stress. Communications in Soil Science and Plant Analysis, 47(22),
2538-2546.

Ali, M. A, Asghar, H.N., Khan, M. Y., Muhammad Saleem, M. S., Muhammad
Naveed, M. N., & Niazi, N. K. (2015). Alleviation of nickel-induced
stress in mungbean through application of gibberellic acid. Int. J.
Agric. Biol.,17 (5),990-994.

Anjum, A., Igbal, M. Z., and Shafig, M. (2023). Discovery 59, e27d1028.

Atonkiewicz, J., Jasiewicz, C., Koncewicz-Baran, M., & Sendor, R. (2016).
Nickel bioaccumulation by the chosen plant species. Acta Physiologiae
Plantarum, 38, 1-11.

Awasthi, K., & Sinha, P. (2013). Nickel stress induced antioxidant defence
system in sponge gourd (Luffa cylindrical). J Plant Physiol Pathol, 1(1),
2-5.

Batool, S. (2018). Impact of bioaccumulation of nickel on growth, seed yield
and mineral uptake of chickpea (Cicer arietinum L.) varieties. Pak. J.
Bot, 50(6), 2147-2150.

Beauchamp, C., & Fridovich, I. (1971). Superoxide dismutase: improved
assays and an assay applicable to acrylamide gels. Analytical
Biochemistry, 44(1), 276-287.

Bhalerao, S. A., Sharma, A. S., & Poojari, A. C. (2015). Toxicity of nickel in
plants. Int. J. Pure Appl. Biosci, 3(2), 345-355.

Bybordi, A., & Gheibi, M. N. (2009). Growth and chlorophyll content of canola
plants supplied with urea and ammonium nitrate in response to
various nickel levels. Notulae Scientia Biologicae, 1(1), 53-58.

Da Silva, J. A, Naeem, M., & Idrees, M. (2012). Beneficial and toxic effects
of nickel in relation to medicinal and aromatic plants. Med Aromatic
Plant Sci Biotechnol, 6(Special Issue 1), 94-104.

Dubey, D., & Pandey, A. (2011). Effect of nickel (Ni) on chlorophyll, lipid
peroxidation and antioxidant enzymes activities in blackgram (Vigna
mungo) leaves. Int. J. Sci. Nat, 2(2), 395-401.

Genchi, G., Carocci, A, Lauria, G., Sinicropi, M. S., & Catalano, A. (2020).
Nickel: Human health and environmental toxicology. International
Journal of Environmental Research and Public Health, 17(3), 679-688.

399



Impact of Excess Nickel on the Physiology of Spinach

Gupta, V., Jatay, P.K., Verma, R., Kothari, S. L., & Kachhwaha, S. (2017). Nickel
accumulation and its effect on growth, physiological and biochemical
parameters in millets and oats. Environmental Science and Pollution
Research, 24, 23915-23925.

Hassan, M. U., Chattha, M. U., Khan, I., Chattha, M. B., Aamer, M., Nawaz,
M., & Khan, T. A. (2019). Nickel toxicity in plants: reasons, toxic
effects, tolerance mechanisms, and remediation possibilities—a
review. Environmental Science and Pollution Research, 26, 12673-12688.

Ivanoy, V. B., & Zhukovskaya, N. V. (2021). Effect of heavy metals on root
growth and the use of roots as test objects. Russian Journal of Plant
Physiology, 68, S11-525.

Khan, M. A, Saeed, S., Ullah, N., Rukh, S., Javed, M. S., Amjad, A., & Shah, M.
(2020). Effect of nickel on the germination and biochemical parameters
of two rice varieties. Fresenius Environmental Bulletin, 29(2), 956-963.

Kieling-Rubio, M. A., Droste, A., & Windisch, P. G. (2012). Effects of nickel
on the fern Regnellidium diphyllum Lindm. (Marsileaceae). Brazilian
Journal of Biology, 72, 807-811.

Kumar, A., and Verma, J. S. (2018) Effects of nickel chloride on germination
and seedling growth of different wheat (Triticum aestivum L. em
Thell.) cultivars. Journal of Pharmacogn Phytochem,7(4), 2227-2234.

Kumar, S., Wang, M., Liu, Y., Fahad, S., Qayyum, A., Jadoon, S. A, & Zhu, G.
(2022). Nickel toxicity alters growth patterns and induces oxidative
stress response in sweet potato. Frontiers in Plant Science, 13,1054924.

Lick, H. (1963). Peroxidases, In: H.U. Bergmeyer (ed.), Methods of Enzymatic
Analysis, New York, Academic Press.

Mulrooney, S. B., & Hausinger, R. P. (2003). Nickel uptake and utilization by
microorganisms. FEMS Microbiology Reviews, 27(2-3), 239-261.
Nakano, Y., & Asada, K. (1981). Hydrogen peroxide is scavenged by
ascorbate-specific peroxidase in spinach chloroplasts. Plant and Cell

Physiology, 22(5), 867-880.

Naz, M., Ghani, M. I, Sarraf, M., Liu, M., & Fan, X. (2022). Ecotoxicity of nickel
and its possible remediation. In Phytoremediation (pp. 297-322).
Academic Press.

Nie, J., Pan, Y., Shi,J., Guo, Y., Yan, Z., Duan, X., & Xu, M. (2015). A comparative
study on the uptake and toxicity of nickel added in the form
of different salts to maize seedlings. International Journal of
Environmental Research and Public Health, 12(12), 15075-15087.

Pandey, N., & Sharma, C. P. (2002). Effect of heavy metals Co2+, Ni2+ and
Cd2+ on growth and metabolism of cabbage. Plant Science, 163(4),
753-758.

Pandey, N., & Pathak, G. C. (2006). Nickel alters antioxidative defense and
water status in green gram. Indian Journal of Plant Physiology, 11(2),
113-118.

Pandey, N., Pathak, G. C., Pandey, D. K., & Pandey, R. (2009). Heavy metals,
Co, Ni, Cu, Zn and Cd, produce oxidative damage and evoke

400

differential antioxidant responses in spinach. Brazilian Journal of
Plant Physiology, 21, 103-111.

Pavlova, D, Vila, D., Vila, K., Bani, A., & Xhaferri, B. (2018). Effect of nickel on
seed germination of Alyssum species with potential for phytomining
in Albania. Fresenius Environmental Bulletin, 27(3), 1345-1352.

Poozesh, V., & Tagharobian, M. (2014). The effect of different concentrations
of nickel on germination and growth of coriander (Coriandrum
sativum) and Milk thistle (Silybum marianum) seedlings. Indian J of
Fundamental and Applied Life Sciences, 4 (3), 280-287.

Prajapati, K., Shah, B., Parmar, A., & Patel, R. (2022). Effect of nickel toxicity
on the seedling growth of guar (Cyamopsis tetragonoloba L). Int Res
J Plant Science, 13, 024.

Prasad, S. M., Dwivedi, R., & Zeeshan, M. (2005). Growth, photosynthetic
electron transport, and antioxidant responses of young
soybean seedlings to simultaneous exposure of nickel and UV-B
stress. Photosynthetica, 43, 177-185.

Sethy, S. K., & Ghosh, S. (2013). Effect of heavy metals on germination of
seeds. Journal of Natural Science, Biology, and Medicine, 4(2), 272-287.

Siddiqui, M. H., Al-Whaibi, M. H., & Basalah, M. O. (2011). Interactive effect of
calcium and gibberellin on nickel tolerance in relation to antioxidant
systems in Triticum aestivum L. Protoplasma, 248, 503-511.

Singh, S. P, & Singh, M. K. (2020). Soil pollution and human health. Plant
Responses to Soil Pollution, 205-220.

Sreekanth, T. V. M., Nagajyothi, P. C., Lee, K. D., & Prasad, T. N. V. K. V.
(2013). Occurrence, physiological responses and toxicity of nickel
in plants. International Journal of Environmental Science and
Technology, 10, 1129-1140.

Torres, G.N.,Camargos, S.L., Weber, O.L.D.S., Maas, K. D. B., & Scaramuzza,
W. L. M. P. (2016). Growth and micronutrient concentration in maize
plants under nickel and lime applications. Revista Caatinga, 29(4),
796-804.

Urug Parlak, K. (2016). Effect of nickel on growth and biochemical
characteristics of wheat (Triticum aestivum L.) seedlings. NJAS:
Wageningen Journal of Life Sciences, 76(1), 1-5.

von Euler, H., & Josephson, K. (1927). Uber Katalase. |. Justus Liebigs Ann
Chem, 452, 158-181.

Wang, H., Feng, T,, Peng, X,, Yan, M., & Tang, X. (2009). Up-regulation of
chloroplastic antioxidant capacity is involved in alleviation of nickel
toxicity of Zea mays L. by exogenous salicylic acid. Ecotoxicology and
Environmental Safety, 72(5), 1354-1362.

WHO (1991) Environment Health Criteria:108. Nickel. Geneva, World Health
Organisation.

Yusuf, M., Fariduddin, Q., Hayat, S., & Ahmad, A. (2011). Nickel: an overview
of uptake, essentiality and toxicity in plants. Bulletin of Environmental
Contamination and Toxicology, 86, 1-17.

International Journal of Plant and Environment, Volume 11 Issue 2 (2025)



