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ABSTRACT
Nickel (Ni) is the 2%' abundant element in the earth crust and holds ecisp place among th
heavy metals. Ni is an essential micronutrient gtant growth and it is also a component of tije
enzyme urease which is required for nitrogen mdisimoin higher plants. Nickel and nick
compounds have many industrial and commercial yaadthe progress of industrialization has Igd
to increased emission of pollutants into the envinent. Ni is absorbed and redistributed in plants
via cation and/or metal —ligand complex transpgrstem.
Ni is strongly phytotoxic at higher concentratidn.several plants Ni induces change in activity|fof
antioxidant enzymes like superoxide dismutase (S@Bgorbate peroxides (APX) and Catalase
(CAT). The most common symptoms of nickel toxicipjants are inhibition of growth, induction
chlorosis, necrosis and wilting. Nickel stronglylirences metabolic reaction in plants and has the
ability to generate Reactive Oxygen Species (R®lsh may cause oxidative stress.
Elevated levels of Ni can inhibit cell divisionrabt meristem in non- tolerant plants and decreages
plant growth. Studies have shown that Ni has a tegaffect on photosynthesis and respiratign.
High uptake of Ni induces a decline in water contehdicot and monocot plant species. The
decrease in water can act as an indicator for Nii¢dy in plants. Ni is associated with protei
inhibition germination and chlorophyll synthesis.
Nickel received very little attention due to itsaticharacter and complicated electronic chemistry
which acts as barrier to reveal the toxicity medksanin plants. The objective of this review papefji
to summarize the overview of the sources, essigntigtake and toxicity in plants
Nickel pollution is a serious environmental concevhich led to research on phytoremediati
However, studies are needed to know the detailboslt biochemical and molecular levels
understand the Ni tolerance of Ni hyper accumuktor
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INTRODUCTION
In recent years, as a result of uncontrolled imialsievelopment worldwide, many chemical substance
have resulted in significant air, water and solluyiton, to such an extent that environmental padhol is
now a serious worldwide problem. Nickel (Ni) istjame of a variety of ubiquitous trace metals esitt
into the environment from both natural and anthggmc sources Of particular concern is the
increasing concentration of Ni deposited in agtimall soils by airborne Ni particles. The primary
sources of Ni emissions into the ambient air aralagstion of coal and oil for heat or power generati
Ni mining, steel manufacture, and other miscellaisesources, such as cement manufacture. Nickal is a
essential micronutrients for plant growth and italso a component of the enzyme urease which is
required require for nitrogen metabolism in highknts. Ni is strongly phytotoxic at high concetitra.
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The most common symptoms of Ni toxicity in plant d@nhibition of growth, photosynthesis, seed
germination, sugar transport and induction of aidds, nacrosis and wilting.

Ni was discovered in 1975 as a component of thgraeg urease, which is present in a wide range of
plant speciés Since then, there has been renewed scientifitast and research concerning the role of
Ni in the higher plants.

Nickel is the 28 element of the periodic table. It is a silver-whihetal found in several oxidation states
(ranging from -1to4); however, the 2 oxidation st@iNi(ll)] is the most common one in biological
systemd Nickel readily forms nickel-containing alloys, ieh over the last 100 years have found an ever
increasing variety of uses in modern technolog@mbal input of Ni to the human environment is
approximately 150,000 and 180,000 metric tonnesygar from natural and anthropogenic sources,
respectively, including emissions from fossil fusdnsumption, and industrial production, use, and
disposal of Ni compounds and allbys

OCCURRENCE AND SOURCES

Nickel (Ni) is the 24th most abundant element ie tharth’'s crust, comprising about 3% of the
composition of the earth. It is the 5th most abuddement by weight after iron, oxygen, magnesium
and silicon. It is a member of the transition seaed belongs to group VIII B of the periodic tableng
with iron, cobalt, palladium, platinum and five ethelements. Nickel is a naturally occurring eletnen
that can exist in various mineral forms. As a memilethe transition metal series; it is resistamt t
corrosion by air, water and alkali, but dissolveadily in dilute oxidizing acids. Natural nickel &
mixture of five stable isotopes; nineteen othertaiple isotopes are known. Although it can exist in
several different oxidation states, the prevaleddation state under environmental conditions igINj
nickel in the +2 valence state. Other valences {11, +3, and +4) are also encountered, though less
frequently™”.

Nickel is a ubiquitous trace metal emitted into #revironment from both natural and anthropogenic
sources which are found in soil, water and air dampithin the biosphefé The compounds such as
nickel acetate, nickel carbonate, nickel hydroxéte nickel oxide are used in a variety of induktria
proces These compounds ultimately accumulate in theasal environment, and can be easily taken up
by plants. Thus, they can enter the food chain e deleterious effects to animals and hdhian
While the level of Ni in ambient air is generalipnall (about 6—20 ng m-3), levels up to 150 ng NBm-
could be present in air contaminated by anthropiogeources. In water, Ni derives from biological
cycles and solubilization of nickel compounds freails, as well as from the sedimentation of Ni from
the atmosphere. Uncontaminated water usually amtabout 300 ng dm-3 Ni. Farm soils contain
approximately 3—1,000 mg kg-1 Ni soil, but the Mhcentration can reach up to 24,000 mg kg-1 Ni in
soil near metal refineries and 53,000 mg kg-1 Niried sludge. At pH\6.5, Ni compounds presentih s
are relatively soluble, whereas at pH -6.7, mos¢Xists as insoluble hydroxides.

A. Air

Occupational exposure to nickel compounds is degrndpon industrial processing and is usually
substantially higher than work-unrelated nickel @sqre. The form of nickel to which workers are
exposed differs in the various industries in whidtkel is used and occurs through inhalation ondér
contact (inhalation is the primary route of exp@3umith ingestion taking place where there arerpoo
industrial hygiene practicEs™ It usually involves the inhalation of one of lelowing substances: dust
of relatively insoluble nickel compounds, aerosdégived from nickel solutions (soluble nickel) and
gaseous forms containing nickel (usually nickeboayl)'>. Many measurements conducted at various
workplaces at risk (casting, welding, battery mactdre etc.) have revealed that the occupational
concentrations may vary in a wide range from micaogs to milligrams of nickel per m3 of Hirln
nickel-producing or nickel-using industries, ab012% of the work force may be exposed to considerab
amounts of airborne nickel, which may lead to #temtion of 10Qug of nickel per day.

B. Water

The stability of plant water regime depends onltalance between water uptake and transpirationyMan
authors reported that Ni induced the decline imipleanspiration and water cont&ft.
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Following four days of growth ofriticum aestivunplants in the sand culture, with 10 mM Ni added to
the nutrient solution, leaf water potential, stomh@bnductance, the transpiration rate, and totasture
content decreased, especially in the uppermost Ida#re in the metal accumulation was most
pronounced.

Transpiration may decline as a consequence of genmtal-induced changes that are also produced by
other heavy metals. First, the toxic effect of'Nin plant growth would decrease the area of |eadéds,

the major transpiring surface. Such decrease 6fales by 40% was observed@ajanus cajarplants
grown in sand with 1 mM NiGladded to the nutrient solution. Similarly the leaéa was diminished in
Brassica oleracealants grown in agar in the presence of 5-20 @lis;,.7H,0.

Second, transpiration may decrease because of kia@ata numbers per unit of leaf area nonethetess
some cases, stomata density may even increase the tieduction of leaf area and the size of epidér
cells.

The induction of stomata closure is among the pynedfects of heavy metdfssuch closure would also
diminish transpiration. In addition, damaged angféfore permanently closed stomata were fouri. in
oleracea The presence of Ni iRhaseolus vulgariteaf tissues was shown to elevate the level of ABA,
which is known to induce stomata closure (citedrft

The decrease in moisture content and stomatal ctewste induced by Ni is also one of the mechanisms
of its toxicity towards photosynthesis; we will death this phenomenon below.

The major sources of trace metal pollution in aiguatosystems, including the ocean, are domestic
wastewater effluents (especially As, Cr, Cu, Mn Aldand non-ferrous metal smelters (Cd, Ni, Pb and
Se). Nickel is easily accumulated in the biotatipalarly in the phytoplankton or other aquatic i
which are sensitive bio indicators of water pobuti It can be deposited in the sediment by such
processes as precipitation, complexation and atisorpn clay particles and via uptake by bféta

In lakes, the ionic form and the association wittpamic matter are predominant. On the basis of ¢exnp
investigations on lakes (more than 100 km distaothfthe nearest source of pollution — enterpriseken
copper nickel industry), it was discovered thatr¢his intensive precipitation of heavy metals anidl a
oxides within the catchment area of Lake Kochejaekels of precipitation of Ni of 0.9 mg/m2/yearesv
long periods were found to be dangerous for bialaigystems of fresh water catchméhts

In rivers, nickel is transported mainly as a préatpd coating on particles and in association withanic
matter. The concentrations of nickel in the biggasd only navigable river in the South of Iran &iv
Karoon) were from 69.3 to 110u&y/1 in winter, and from 41.0 to 6040/I in spring, respectively. The
results show that the pollution has increased atbegiver, down to the estuary at Persian Gulft B&

the nickel is transported via rivers and streants ihe ocean. In Poland, nickel is generally trantsul

via rivers into the Baltic Sea and in this way thneerage value of anthropogenic Ni input is 57%.
Generally, in sea water nickel is present at cotnagans of 0.1- 0.5ug/l %.

C. sall

Nickel is generally distributed uniformly throughet soil profile but typically accumulates at theface
from deposition by industrial and agricultural sittes. Nickel may present a major problem in laer
towns, in industrial areas, or even in agricultdaald receiving wastes such as sewage sludgeontsmt

in soil varies in awide range from 3 to 1000 mgfkg

Nickel can exist in soils in several forms: inorganorystalline minerals or precipitates, complexed
adsorbed on organic cation surfaces or on inorgaation exchange surfaces, water soluble, andidiree-
or chelated metal complexes in soil solutf$h This metal apparently does not seem to be a major
concern outside urban areas at this time but manteally become a problem as a result of decreased
soil pH caused by reduced use of soil liming iniadture and mobilization as a consequence of
increased acid rath Farm soils contain approximately 3—1,000 mg Kdi %oil, but the Ni concentration
can reach up to 24,000 mg kg-1 Ni in soil near hrefineries and 53,000 mg kg-1 Ni in dried sludge.
pH<6.5, Ni compounds present in soil are relativetyuble, whereas at pH >6.7, most Ni exists as
insoluble hydroxides.
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ESSENTIALITY OF Ni

Ni as an essential micronutrient, which is requited urease for hydrolysing urea. Observed an
improvement in plant growth and N uptake of Whéatticum aestivuni.) from urea by Ni application
on a calcareous stil Several investigators have also shown benefédfatts of Ni on ureas activity and
improving N use efficiency by plants in hydroposiadies. However, deficiency of Ni in soil has tare
been reported showed that Ni deficiency affectatpmowth, plant senescence, nitrogen (N) metatmolis
and Fe uptake and may play role in disease resistan

Ni is essential for plants, but the concentratiothie majority of plant species is very low (0.0b+hg/kg
dry weight). Further. With increasing Ni pollutioexxcess Ni rather than a deficiency, is more coniynon
found in plants. Toxic effects of high concentraicof Niin plants have been frequently reported. Fo
example inhibition of mitotic activity of pigeon @agCajanus caja L.), reductions in plant growth of
cabbage (Brassica oleraceae) and adverse effedtaibygield and quality of WheafTfiticum aestivum
L.). Extremely high in soil Ni concentrations hdeé& some farmland unsuitable for growing cropsit,
vegetable¥.

UPTAKE OF Ni

Nickel is delivered into the environment by sevegrathways: (1) as factory waste of high-temperature
technologies of ferrous and nonferrous metalluagment clinker production, and burning liquid and
solid fuels; (2) field irrigation with water higim iheavy metal content and transfer of sewage resida
soil; (3) transfer of heavy metals from mine tajgrand metallurgical factories by water and awip(4)
steady application of high rates of organic andarahfertilizers and pesticides contaminated withvy
metals®. On the average, the total Ni content in soil@sfrom 2 to 750 mg/kg soil, with the maximum
content reported in the serpentine soils. The kel ores are garnierite [(Ni, M@i;O10(OH),] and
penlandite [(Ni, Fe)] *°.

Plants can absorb nutrients only from the soil tsmuphase and cannot directly access nutrienta fre
soil solid phase. Thus, the problem with accessiimo-elements is their limited solubility of solphase
nutrients, which limits their presence in soil swo. Plant uptake from soil solution occurs inetr
major ways: root interception, mass flow and diffas

Currently few papers describe the mechanism anetikiof Nf* absorption by plants Plant absorption
of Ni**, same as of other metals, may proceed due toveadiiusion and active transport. To elucidate
the role of metabolic processes in“Nabsorption, the rates of Kitranslocation were compared at
various temperatures and in relation to the aeraifmutrient solutions. At 23° C, Niuptake byAvena
sativa roots directly depended on the incubation perlamy temperature, such as 2° C, considerably
lowered Nf* absorption from the nutrient solution. The relasibip between Nf absorption and
temperature was described by an S-like curve, with maximum between 23 and 30° C. Both the
addition of 2@ M 2, 4- dinitrophenol to the nutrient solution ahé anaerobic conditions of plant growth
inhibited Ni uptake by 91 and 86%, respectivelye3éndata presume that the metabolically activekapta
considerably exceeds the passive entry 6f hs®.

Thus, the specific mechanisms of Niptake have not been as yet disclosed. It is leatr avhether the
hyper accumulator species acquired particular @tisor mechanisms selective towards”Nand the
ability to increase its accessibility. It is notdam whether the tolerance of particular plant specelies
on the lowered Nf uptake or, quite the reverse, depends mostly erctaracteristic patterns of i
translocation and distribution and binding Ni iimsoluble complexes. Below we will consider numerou
and widely conflict- NHZing data concerning Ni transport and allocatioplant organs.

NICKEL TOXICITY IN PLANTS

Nickel is a heavy metal and an essential microeterfue plants, animals, and humans, but toxic ghhi
concentrations, exceeding optimum intake valueswitls other heavy metals, excess concentrations of
Ni in plants cause chlorosis and necrosis, dueisupkion of Fe uptake and metabol®fi Elevated
concentrations of Ni can inhibit cell division @ot meristems in non-tolerant plafitand decrease plant
growth.
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1. Effect on plant growth

The plant growth is a very essential process tmtaa the life on earth. There are many factors tha
influence the internal and external growth of pdastich as mineral resources present in soil, @r an
genotype of plant species. The access amount dh MNicosystem severely affected the growth and
development of plants.

The toxic effects of Ni and other heavy metals@imarily manifested by the inhibition of plant gvth

(491 an index widely employed to assess environmeraHliion*’. Growth inhibition gains strength at
higher metal concentration. In excluder specieschvaccumulate Ni mostly in their roots, root grbvig
inhibited more heavily than the growth of shdbté and therefore the root test is widely used for
evaluating the toxicity of various agents, incluglimreavy metaf§*. The tolerance index was determined
between the root/shoot length of the heavy metabsed plant and that of the control ptaand LC50,
the metal concentration that inhibits root growyh30 %, are the indices of plant tolerance towagavy
metal$®.

The mechanisms of inhibition of plant growth and/elepment by Ni" are insufficiently clarified. In
addition to general metabolic disorder, heavy nsetat known to decrease the plasticity of cell syall
probably by direct binding to pectins and by promgtperoxidase activity in the cell walls and
intercellular space; these peroxidases are eskémtidignification and linkage between extensindan
polysaccharides containing ferulic acid.

To conclude, plant growth inhibition by nickel anther heavy metals results from general metabolic
disorder and immediate inhibition of cell divisiohéowever, it is not clear whether Ni enters ceitlei

at high concentrations and, if it does, how imputria immediate Ni interaction with DNA and nuclear
proteins. The possible effect of Nion fragmoplast formation is also unknown. By efiating these
issues, we will better understand the toxic effe€tsickel on plant growth and morphogenesis.

2. Effect on plant morphology

In addition to toxic effects on growth, heavy metahay induce changes in plant morphology and
anatomy. Thus, exposure to 1 mM Nisgolution decreased the mesophyll thickness, tteedfivascular
bundles, the vessel diameter in the main and latastular bundles, and the width of epidermalscil
Triticumaestivum leavé§whereas in the leaves of Brassica oleracea pigatsn in agar in the presence
of NiSQ,-7H,0O (10-20 g/m3), the volumes of intercellular spaaed palisade and sponge mesophyll
decreased relative to control pldfitdn addition to general metabolic disorder, hematals are known
to decrease the plasticity of cell walls, probabpdirect binding to pectines and by promoting pétise
activity in the cell walls and intercellular spadéhese peroxidases are essential for lignificatiand
linkage between extensin and polysaccharides aonggferulic acid.

3. Inhibition of photosynthesis

Heavy metals are known to cause non-specific itibibbiof photosynthesis, by several direct and itir
means. The diminished rate of photosynthesis iatadl to disrupted chloroplast structure, blocked
chlorophyll synthesis, disordered electron transpohibited activities of the Calvin cycle enzymesd
CO,deficiency caused by stomatal clostre

The decrease in chloroplast size and numbers amddidorganization of chloroplast ultrastructure,
including the diminished numbers of grana and twoids, their deformation, the formation of plasto
globuli, and the changes in the membrane lipid amsitipn, were reported iBrassica oleraceglants
grown in agar in the presence of NiSH,0 (10-20 g/m3). Such changes seemed to arise freriit
induced decline in cell moisture content or fronoaitative stress resulting in peroxidation of meante
lipids™. When inspected in more detail, Ni was shown tuhiih electron transport from pheophytin via
plastoquinone QA and Fe to plastoquinone QB by giman the structure of carriers, such as
plastoquinone QB, or the reaction center protéfisin the thylakoids, Ni ions also decreased the
contents of cytochromdxsf andb559, as well as ferredoxin and plastocyanin; asudirethe efficiency of
electron transport droppeddown

Copyright © April, 2015; IJPAB 349



Satish A. Bhaleraoet al Int. J. Pure App. BioscB (2): 345-355 (2015) ISSN: 2320051
The toxic effects of heavy metals on many otheraimetic processes would amplify the direct inhibitio
of photosynthesis. All these metabolic changesbibiplant growth and disrupt morphogenesis; the
ensuing phenomena are often used to assess tlut@fdigity of heavy metals.

4. Effect on mineral nutrition

In the presence of Ni, the contents of mineraliants in plant organs may increase, decreaseagr st
even. One of the probable mechanisms for decredisingptake of macro- and micronutrients relies on
the competition for the common binding sites duthecomparable ionic radii of Niand other cations.
Such mechanism may operdtevhen the uptake of Mg (78 pm), F& (82 pm), and Z#i (83 pm) is
decreased in the presence of 'Ni78 pm) (ionic radii in parentheses are ffanOne should emphasize
that the lowered uptake of Mg and Fe is one ottheses of chlorosis produced by the excess of tiien
environmer®®’. The decline in nutrient uptake may also resultrfithe Ni-induced metabolic disorders
that affect the structure and enzyme activitiecealf membraneg. Thus, Ni* affected the sterol and
phospholipid composition of the plasma membran®riyra sativashoots, with concomitant changes in
the ATPase activify. Apparently, these changes affected the membramagability and in this way
changed the ion balance in the cytoplasm. ThetsffafdNi on nutrient uptake depend in many aspewats

Ni concentration in the environment. The experimemith ryegrass plants demonstrated that Fe content
in the shoots increased at low Ni concentratiorts decreased at higher concentrations. An incrgase i
soil Ni content from 50 to 200 mg/kg soil decreatfesl contents of Cu and Mg in the caryopses and Mg
and Ca in the shoots ofiticum aestivum

5. Effect on enzyme activity

Same as other heavy metals, Ni affects variousiplogscal processes in plants, starting from sedvera
enzyme activities. Many evidences indicated thatttxicity of Ni is associated with oxidative ssda
plant$®®%2The HO, content in plant tissues is cleaned and contrdigdlifferent enzymatic and non-
enzymatic antioxidants. Ni stress caused signifidaaline of superoxide dismutase (SOD) in whedt an
ascorbate peroxidase (APX) activities increasedhm leaves under the Ni stress. APX may play
significant role in the cleaning of,B, from the leaves of Ni-stressed plants in wheatbse the highest
value of APX coincides with decline in,8, content.

The toxic effects of metals on enzyme activityvitro do not always agree with the vivo effects at the
samesalt concentration. Such disagreement may febemhe presence of efficient cellular mechanisms
for detoxificationand the physiological barriersathcurb metaltranslocation into the cytoplasm. To
illustrate, Nf+ was shown to promotie vivo Mg*-dependent ATPases in the plasmalemm®uiza
sativa shoots. Total decline of enzyme activities is same$ observed due to decreased enzyme
contents. Thus, the decrease in nitrate reductsatyain soil-grownBeta vulgarisplants following the
addition of 1 mM NiSQ resulted from the diminished rates of nitrate kptand translocation into the
shoots wherein nitrate is reduced. Nitrate in ytemasm induces the expression of the nitrate ciede
gene, and hence it is the shortage of nitrate é délls that would primarily decrease the enzyme
concentration. Besides, glutamine synthetase amdna aminotransferase activities were also lowared
this case; both activities considerably dependhencitoplasmic levels of nitrate and their subetat’
Similar mechanism of indirect influence on nitrageluctase activity was established for other heavy
metal§®. Depending on its concentration, nickel ion cathbstimulate and inhibit enzyme activities in
plant tissues.

6. Induction of oxidative stress

Increasing evidence suggests that Ni toxicity enps is also associated with oxidative sffegxcessive

Ni leads to significant increases in the conceiutnadf hydroxyl radicals, superoxide anions, nitiide

and hydrogen peroxi@®®® Since Ni is not a redox-active metal, it canrictatly generate these reactive
oxygen species (ROS). However, it interferes iradiyewith a number of antioxidant enzyniggor
example, SOD, CAT, glutathione peroxidase (GSH-BW)tathione reductase (GR), peroxidase (POD),
guaiacol peroxidase (GOPX), and Ascorbate perogidgsX). Exposure of plants to Ni at low
concentrations (=0.05 mM) and/or for short times baen shown to increase the activities of SOD, POD
GR, and GOPX to enhance the activation of othdépsidant defences and hence lead to the removal (or
scavenging) of RO%™
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However, excess Ni has been found to reduce tivtgcaif many cellular antioxidant enzymes, both in
vitro and in vivo, and plant’s capability to scagenROS, leading to ROS accumulation and finally
oxidative stress in plarits

7. Effecton yield

The toxicity of heavy metals is directly associateith crop yield. The high concentration of Ni has
devastating effects on plants which ultimately eausduction in crop yield The fresh weight of shoots
of sun flower constantly decreased with increasingcentration of Ni from 10 to 40 mgLin root
medium (accepted manuscript results). All yieldiladted to sunflower significantly decreased unither

Ni stress. 50% reduction in all yield parameteas wbserved under the Ni stress (40 Hgls compared
to control. Reduction in the yield of different polike; cucumbéf, tomatd® and mungbedh was
observed in previous studies. The reduced yieklaflower is mostly associated with Ni's quantitatt
accumulates in plant’s I€4f The total dry matter deposited in upper and lopaat of plants and total
biomass reduction was attributed to Ni stfésFhe yield ofVigna radiataclearly reduced at the
concentration of 50 mg Ni kg-1 soil.

8. Chlorophyll content

Ni was positively associated with proteins inhinitigermination and chlorophyll producti@nThe high
concentration of Ni significantly decreased theoobbhyll content, stomatal conductance and a paient
inhibitor of photosynthesi$®. The number of leaves and chlorophyll contentsesesed with 24 and
47%, respectively under the Ni concentration of26.0nM*% In the fresh leaves of maize, the
concentration of chlorophyll content decreased withieased concentration of Ni from 20 to 104. it
was observed that chlorophyll-a decreased with @@glochlorophyll-b decreased 50% under the Ni stress
of 100uM in maize as compared to control plants. But tlveie no significant effect on 250 and 500

Ni concentrations on the chlorophyll content in reaiAccumulation of Ni in lower and upper parts of
mung been’s plants significantly decreased theroplyll content in the upper parts of plant. The Ni
stress in black grarfvigna mungoyreated a significant reduction in photosynthetipent$®.

9. Water relation

It was reported that heavy metals can cause seksdmgdration in shots by restricting the movement of
water from roots to upper parts of pldit& Generally, heavy metals can alter the water iczlain
plant$®. The toxic effects of heavy metals were observednaltiple levels like stomatal functioning,
movement of water through apoplast and symplast waidr uptake efé Water stability in plants
depends on the balance between transpiration ateat ugtake.

The toxicity of Nf* reduced the area of transpiring surface (leafsl@&pof plant§. The 40% reduction
in leaf area ofCajanu scajarplant was observed under the Ni stress of 1 mMutnient solution. When
4-day old plants of in sand culture treated withnd®l Ni added in nutrient solution transpirationerat
stomatal, conductance, leaf water potential, atal tnoisture content were decredSed

10. Reactive oxygen species (ROS)

ROS continually produced as off-spins of differamtabolic reactions that take place in differetiutar
parts of plants like mitochondria and chloropldstplants, the mitochondria (energy factories) the
major responsible site for the production of ROMany abiotic and biotic stresses disturb the
equilibrium between the cleaning and productioROXS like heavy metals, salinity, droughts, ultréetio
(UV)-radiation, air pollution, extremes of tempena, pathogens and herbicitfesThe ROS are
comparatively more reactive tharp @nd thus they have severe toxic impacts on lidggtem. The
toxicity of ROS can destroy the DNA structure; dincalso stimulate the oxidation of lipids and pirtge
and degradation of chlorophyll pigments.

CONCLUDING REMARK

This review provides quick access to aspects kkl&dethe essentiality of Ni in proper growth and
development of the plants. Ni in adequate quastttigs vital roles in a wide range of morphologarad
physiological functions, starting from germinatiinthe productivity. Moreover, plants cannot cortgple
their life cycle without adequate supply of thistale
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Excess Ni toxicity is illustrated by the inhibiticof lateral root development, photosynthesis, naher
nutrition and enzymatic activity and it is in tlispect where Ni toxicity differs from that of othezavy
metals such as Ag, Cd, Pb, Zn, Cu, Co, and Hg. ,T¢nes of our future challenges to understand N rol
in plants would be to unravel the complete picifréranslocation, partitioning and required amouatts
different stages of plant development.

FUTURE PERSPECTIVE

Scientific advances over the past 20 years sugbeastNi is absorbed and redistributed in plants via
cation and or metal ligand complex transport system
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