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Abstract

Contamination of soil and water with heavy metals is a serious concern 
worldwide. It adversely affects - plant growth as well as human health. Remdiation 
of these contaminated soils and water using phytoremediation provides an 
opportunity to regain the prestine state of the soil and water environment. This 
review discusses about the cost effective phytoremediation technology that can 
be used to remove heavy metalsand other pollutants from contaminated soil 
and water. Plants having hyperaccumulators use their internal complex system 
of highly effective homeostatic mechanisms to control the uptake, accumulation, 
trafficking, and detoxification of metals. A concise overview of numerous 
approaches of phytoremediation in this review demonstrates that despite of 
some limitations, phytoremediation is an effective approach for the removal of 
heavy metals and other contaminants from soil and water.

Keywords: Phytoremediation; heavy metals; Vacuolar sequestration; 
Phytofilteration; Phytovolatisation

and chemical are used to cleanup heavy metal contaminated soils. 
Bioremediation is a process in which living organisms are used 
to remove contamination to re-establish the natural conditions. 
Generally microorganisms and plants are used to detoxify heavy 
metals from soil. Other bioremediation techniques such as bioventing, 
bioleaching, bioreaction, bioaugmentation, rhizofiltration and 
biostimulation are also helpful to remove heavy metal toxicity. 
Bioremediation is one of most ecofriendly, cost effective option to 
rectify soil contaminants. Bioremediation agents includes both 
microorganisms and plants which detoxify heavy metals in soil and 
water.. Phytoremediation is an alternative cost effective, ecofriendly, 
non-invasive, green technology to clean up or tackle the sites with low 
and moderate level of heavy metals [4].

Introduction
Heavy metals are found in soil and water naturally and are 

generally released from various natural and anthropogenic sources 
[1] (Figure 1). Heavy metals disrupt nutrients and water uptake, affect 
production of Reactive Oxygen Species (ROS), reduce photosynthetic 
efficiency, alter cell division, alter nitrogen metabolism and thus 
affect plant growth [2]. Continuous uptake of heavy metals in 
humans through contaminated foods can cause oxidative stress 
by over production of ROS, upper gastrointestinal cancer and 
many immunological syndrome including carcinogenic effects, 
teratogenesis and mutagenesis [3].

Three different remediate processes i.e. biological, physical 
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Figure 1: Sources and effects of HMs.
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Hyperaccumulator plants (Table 1) have potential to absorb 
heavy metals by 50 to500 times more than the normal plants [5]. This 
is an evolutionary adaptation of plants in unfavorable habitats with 
high concentration of metals in soils or rocks. But the advantages 
of hyperaccumulation of metals in plants remain unknown. 
Ideally hyperaccumulator plants have extensive root systems, and 
tolerate to a high concentration of metal pollutants. In recent 
years, different genetic engineering approaches have been used to 
increase production and productivity of hyperaccumulator plants. 
In combination with conventional agronomic practices and genetic 
engineering, the heavy metal absorption by plant can be enhanced 
[6]. Therefore there is an urgent need to investigate both conventional 
and genetically modified potential hyperaccumulators, which can be 
planted in contaminated sites to remove heavy metals in sustainable 
way to maintain environmental quality of the ecosystems. This review 
presents recent progresses, challenges and future prospects in the 
field of phytoremediation.

Heavy Metals (HMs): Origin and Effects
Heavy metals accumulate in the soil either from natural process of 

earth crust or anthropogenic sources. In the recent decades an annual 
worldwide release of heavy metals reached 22,000 metric ton for 
cadmium, 939,000 metric ton for copper, 783,000 metric ton for lead 
and 1,350,000 metric ton for zinc due to different human activities 
[7]. The cost of cleaning up contaminated sites through conventional 
approaches is often very high. In the USA alone, US $ 6-8 billion is 
annually spent in remediation efforts, with global costs in the range 
of US $ 25-50 billion [8,9]. The largest segment in this market is the 
clean-up of different sites contaminated with radionuclides as a result 
of nuclear weapon preparations during the Cold War [10]. According 
to the European Environmental Agency (EEA), it is estimated that, 
in Europe, potentially polluting activities have occurred at about 
3 million sites, of which, >8% (or nearly 250 000 sites) are highly 
contaminated and projected upto>50% by 2025. In the Europe, the 
annual cost of soil degradation alone is estimated at some $38 billion 
[11]. 

Recently high Arsenic (As) content is reported in South Asian 
countries because of presence of (As)-containing rocks on parent 
material in this area. The most significant anthropogenic sources are 
mining, industrial discharge, sewage effluents, pesticides, fertilizers 
and bio-solids in agriculture [12]. Heavy metals are difficult to 
remove from soil because unlike organic substances they do not 
degrade into small molecules and therefore keep accumulating into 
the environment. Heavy metals are those trace elements having an 
atomic density greater than 5 gm cm-3.

Heavy metals viz. Co, Cr, Cu, Mn, Mo, and Zn are essential in the 
form of micro nutrient growth and development of both plants and 
animals, but high concentration causes toxicity. Toxic heavy metals 
i.e. As, Hg, Cd, Pb, Cu, Zn, Sn and Cr could show adverse effect to 

human health and plant performance. Out of these Cu and Zn are 
essential heavy metals, agriculture productivity in many parts of the 
world is limited by deficiency of these nutrients [13]. Toxicity level 
of Hg, As, Cd, Pb, Zn, Cr are usually unaltered by all biochemical 
pathways and thus remain tend to accumulate in soil and aquatic 
elements [14]. Heavy metals deserve a special attention to study.

Heavy metals enter in food chain and reach to different trophic 
levels causing bioaccumulation. In human body, heavy metals induce 
severe health effect like kidney damage, osteoporosis, increased 
blood pressure, failure of reproductive system and liver disorder. 
Heavy metals (Pb and Cd) induce carcinogenesis, teratogenesis 
and mutagenesis in human beings [1]. In plant Cu is essential 
micronutrient element for growth and development but intracellular 
free Cu ions in excess produce ROS by auto-oxidation and Fenton 
reaction [15,16]. Also, hydroxyl radicals react to cause membrane 
lipid peroxidation, cleavage of the sugar phosphate backbone of 
nucleic acids, and protein denaturation. In addition, Cu can displace 
other divalent cations coordinated with macromolecules, causing 
their inactivation or malfunction [17]. Zn is also an essential nutrient 
for plants which acts as a co-factor required for the structure and 
function of numerous enzymes [18] energy production and structural 
integrity of membranes [19]. High levels of Zn inhibit many plant 
metabolic functions resulting in slow growth. Zinc toxicity, limits 
the growth of both roots and shoots and produces leaf chlorosis. 
Even though it is not redox active, higher levels of concentration are 
toxic because it can displace other metals (e.g. Fe, Mn and Cu) in 
the cell [20,21]. Physical and chemical methods of remediation have 
limitations because of its high cost, intensive labor and production 
of secondary pollutants. Therefore, bioremediation is a viable option 
to remediate heavy metal contaminated soils in ecofriendly and cost 
effective manner.

Phytoremediation
Phytoremediation (phyto, meaning “plant”, and remedium, 

meaning “restoring balance”) is a cleanup green technology, which 
involves the use of plants and their associated rhizospheric microbes 
for treating environmental contaminants such as Heavy Metals (HMs), 
organic compounds or radioactive elements, in soil, groundwater 
or industrial wastes. General advantage of phytoremediation is 
noninvasive, ecofriendly, energy efficient and cheaper than other 
methods like soil excavation, soil washing, burning and the possibility 
of metal recycling [4-22]. Phytoremediator plants have some basic 
characteristics as given by Punshon and Dickinson [23], summarized 
in (Figure 2) with economically viable secondary use e.g., energy from 
biomass, pulp and paper production [24]. Plant age, environment 
factors, microbial colonization, size of the metals and translocation 
to different parts are the crucial factors that affect the uptake of HMs 
to the plants. Some tree species like Populus and Salix sp., have shown 
to meet all of these requirements as reported by many workers [25-

S.No. Type of Plant Resistance strategy to Heavy Metal Toxicity

1. HM sensitive plants Plants which do not show resistance to HM toxicity and their biochemical machinery shatters in response to increased HM soil/
water concentration.

2. HM resistant plants Plants which have different mechanisms to prevent the HM accumulation inside the cells by either active transport mechanism 
or through restriction of HM transport from soil to root system. They are also termed as “Excluders”

3. Hyperaccumulators Plants which have unique mechanism to deal with HM toxicity by actively taking up HMs from soil/water and accumulate in their 
aboveground parts. They are pioneering research subject for the emerging technology “Phytomining”

Table 1: Classification of Plants on the basis of HM toxicity.
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28]. These trees have a high biomass production, extensive roots, high 
rates of transpiration and easy propagation. At the same time, several 
studies have revealed a remarkable clonal variability in their ability to 
accumulate/tolerate HMs [29-32]. Phytoremediation takes advantage 
of the fact that a living plant can be considered a solar-driven pump; 
which can extract and accumulate elements from the environment 
[33].

Phytoremediation: Mechanism
Plants exhibit different homeostatic mechanisms for coping with 

excess metals. These mechanisms determine the amount of metal 
uptake by the plants. Metal uptake in roots can be regulated by the 
exudation of organic acid ions, the binding effect of the cell wall and 
the flux of the ions through plasmalemma metal transporter proteins. 
In cytoplasm, metals are chelated and transported towards organelles 
by peptidicchelators. Also excess of metallic ions can be directed to 
vacuole or apoplast by membrane transporters. Metals are mobilized 
through the xylem from roots to aerial structures in a process driven 

by transpiration. Inside leaf cells, a regulated network of membrane 
transporters and chelators directs metals to their final destination. 
A further defense line against metal induced ROS involves enzymes 
and reducing metabolites. Response to metal stress also includes 
expression of general defense proteins and signaling elements as such 
as calcium and ethylene (Figure 3).

Root uptake
First stage of Heavy metals uptake involves ion absorption from 

the soil, and distribute into the root cells. There are several compounds 
that can perform the function of transportation and accumulation of 
HMs in tissues and other locations like metal ligands e.g. Organic 
Acids (OAs) such as citrate, malate, oxalate [34]. OAs also play an 
alternate role of excluding metals from plants [35]. In wheat, Al 
uptake is inhibited by the exudation of OAs which forms the OA-Al 
complex [36,37]. Similarly in case of P. tremula root, Copper (Cu) 
uptake is inhibited by the exudation of formate, malate and oxalate, 
while Zinc (Zn) uptake is inhibited by exudation of formate [38]. 
Siderophores like mugineic acids and avenic acids are released by 
some plant species to enhance the bioavailability of HMs from soil 
for root uptake as reported in grass species [39].

Vacuolar sequestration
After uptake from root, HMs are usually sequestered in the 

vacuoles of plant cell. Through transporter protein mainly ZIP 
(zinc/iron-regulated transporters) family members, HMs enter 
the cytosol which further stimulates Phytochelatin Synthase (PCS) 
- enzyme which catalyzes the synthesis of Phytochelatins (PCs) 
from glutathione. HM phytochelatin complexes are low molecular 
weight complex which are transported to vacuole via tonoplast-
localized ATP-Binding-Cassette (ABC) transporters. HMs are also 
sequestered in the vacuole by tonoplast-localized Cation/Proton 
Exchanger (CAX) transporters which direct exchanges of the HMs 
with protons. In the vacuole, Low Molecular Weight (LMW) HM PC 
complex accumulates into High-Molecular-Weight (HMW) complex 
with more HMs. HMs may enter the vacuole via a direct exchange 
mechanism of different HM-protons exchanger transporters like 
Metal Tolerance Protein (MTPs) and Natural Resistance Associated 
Macrophage Protein (NRAMPs) (Figure 4). These transporter 
proteins reside in the tonoplast and mediate passage of metal ions for 
compartmentation or remobilization [40].

Metal uptake enhancement
Mycorrhiza is a symbiotic association of fungi with the plants, 

protects from heavy metal pollution by binding them into cell-
wall components or by storing high amounts of HMs in cytosol. 
Mycorrhizae also produce growth-stimulating substances for plants, 
hence encouraging mineral nutrition and increased growth and 
biomass necessary for phytoremediation [41].

Smeeth and Reed [42] believed that mycorrhiza can be found 
in those plants which are grown in natural conditions. Mycorrhizae 
can play a crucial role in protecting plant roots from heavy metals as 
reported by Galli et al. [43]. But their efficiency of protection varies 
with species to species and type of heavy metals and its mycorrhizal. 
The extrametrical fungal hyphae can extend deep into the soil and 
uptake large amounts of nutrients, including heavy metals, to the host 
root spores of arbuscular mycorrhizal fungal taxa such as Glomus 
and Gigaspora were reported by many workers [44-47]. Pawlowska 

Figure 2: Basic characteristics of a phytoremediater plant.

Figure 3: Phytoremediation Mechanism: Main steps of the phytoremediation 
process occuring in a phytoremediater species.
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et al, recovered spores of Glomusaggregatum, G. fasciculatum and 
Entrophospora sp. from the mycorrhizospheres of the plants while 
studying a calamine soil rich in Cd, Pb and Zn at Poland [48]. Turnau 
studied the localization of heavy metals within the fungal mycelium 
and mycorrhizal roots of Euphorbia cyparissias from Zn contaminated 
wastes and found higher concentrations of Zn deposited within the 
fungal mycelium and cortical cells of mycorrhizal roots [49]. It was 
found that arbuscular mycorrhiza fungus can transport Cd from soil 
to subterranean clover plants growing in compartmented pots but 
that transfer is restricted due to fungal compartmentalization [50]. 
Many reports confirmed the increase in heavy metal level in plants 
due to arbuscularmycorrhiza [47,50,51].

Metal compartmentalization
At the cellular level, cell walls bind to the metal ions assisting 

them towards cytoplasm by cationic exchange [52]. Metals can bind 
to either pectin [53] or proteins as oxalate oxidase [54]. Metals can 
diffuse into the apoplast of some root cells but its transport is blocked 
by the impermeable casparian strip in the endodermal layer. At this 
point, plants have a series of metal transporters involved in metal 
uptake and homeostasis, which regulates its movement toward the 
symplast and subsequent loading into the vascular tissues [55].

Now, in the plasmodesmata, metals are transported by Heavy 
Metal ATPases (HMAs) [56], Zrt-Irt- related proteins (ZIP) [57,58], 
COPT-type transporters [7] and cationantiporters [59]. Cd and Zn 
are chemically very similar indicating a similar uptake and transport 
pathway [60].

Glutathione (GSH) and Phytochelatins (PCs)
In HM toxicity glutathione acts as ligand for their sequestration 

and releiving the oxidative stress caused due to them. Researchers 
reported increase in the reduced form of GSH upto 30 folds against 
Cd toxicity in Phragmitesaustralis [61]. However, in some reports no 
such incremented GSH synthesis was observed which can conclude 
that glutathione has no direct role in HM detoxification and it acts 
through the formation of Phytochelatins [62,63]. Phytochelatins has 
been reported in the detoxification of HMs in plants as well as in 
other organisms, where they acts as ligand to bind with these HMS to 
form complexes which is signalled further for compartmentalization. 
Actually the term “Phytochelatin” is a misnomer as they occur in 

microorganisms also. Apartly they are also reported to be found in 
nematode C. elegans, slime molds Dictyostelium, acquatic midge 
Chironomus oppositus as reviewed by [64].

Phytochelatins classified as Class III MTs are polypeptides 
with Glu-Cys dipeptide followed by a terminal Gly. (-Glu-Cys)-
n-Gly, where n>2, present in several plants and microorganisms 
and resembles structurally to glutathione (GSH; -Glu-Cys-Gly), 
synthesized by the enzyme phytochelatin synthase which is activated 
by HM ions and results in the vacuolar sequestration of HMs and also 
have role in the homeostasis of essential metal ion metabolism [64].

Metallothioneins (MTs)
(MTs) are low molecular mass, cysteine-rich, metal binding 

proteins that are used for HM detoxification by intracellular 
sequestration [65]. These chelators bind to the metals and form a 
complex that are transported to vacuole e.g. Zn is transported into 
the vacuole by MTPs (metal tolerance protein). MTP1 and MTP3 
localize at the vacuolar membrane [66,67] and are expressed to make 
the plant Zn tolerant [68,66]. In the case of Cd, AtHMA3 plays a 
role in its accumulation in vacuole [69,70]. For Cu, transporters 
such as PAA1 (HMA6), PAA2 (HMA8) and HMA1 are critical for 
transportation of Cu into plastocyanin in the chloroplast [71]. Cu 
can also be transported into the mitochondria when it enters the 
respiratory electron transport chain. Then intracellular distribution 
of metals is done by chaperons. Metal chaperons associate with 
ATPases in detoxification of HM in roots [72].

Metal Translocation to Shoots and Shoot 
Metabolism

HMs are transported from roots to epidermal tissue, then to the 
pericycle or xylem parenchyma, and finally loaded into the xylem 
through transmembrane [55]. In Arabidopsis, ATPases HMA2 
and HMA4 are responsible for transporting and accumulating 
Zn from roots to shoots [73,74], ATPase HMA5 is involved in Cu 
transportation [75]. Translocation of metals also involves few amino 
and organic acids e.g. Cd, Cu and Zn require citrate, malate, histidine, 
nicotinamineetc [20]. In shoots, excess HMs can cause oxidative 
stress and damage to the exposed cells by replacement of metal ions 
in pigment and other essential molecules like chlorophyll. Many of 
the photosystem components got affected due to HM toxicity which 
disturbs the photosynthesis (Figure 5). The redox active metals (Cu) 

Figure 4: HMs root uptake and Vacuolar Sequestration by phytochelatins 
and other tonoplast bound transporters.

Figure 5: HM accumulation and other processes of detoxification that takes 
place in leaf cell.
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and non-redox active metals (Cd and Zn) both can cause oxidative 
damage. To prevent the cells from this damage, plants have an inbuilt 
antioxidative defense system based on reducing metabolites (GSH) 
and enzymes (peroxidase) that regulates the redox state. Glutathione 
is a fundamental molecule that is synthesized from Glu, Cys and Gly 
by glutamylcysteinesynthetase and GSH synthetase. Glutathione is a 
precursor of PCs. It can bind to metals and metalloids, and eliminates 
reactive oxygen radicals induced by HM in cells and maintains redox 
homeostasis for metabolism, signal transduction and gene expression 
[76]. A heavy metal, strontium is a dangerous and inhibits the growth 
and development of plant, the response of Phaseolus mungo to 
strontium concentration was studied by [77].

Classification of Phytoremediation Process 
Phytoremediation has been categorized into phytoextraction, 

phytofilteration, phytostablization, phytovolatisation and 
phytodegredation.

Phytoextraction
Phytoextraction is also known as phytoaccumulation, 

which is used to uptake contamination from soil and water by 
roots to translocate contaminants to the shoot and leaves [78]. 
Hyperaccumulation plants absorb heavy metals in 50-500 times 
higher than non hyperaccumulation plants without any adverse effect 
on growth and development [79]. These plants are generally small 
and slow growing and often rare species of limited population size 
and restricted distribution in ecosystem [80].

Currently, more than 450 plant species of 45 families have been 
identified as a hyperaccumulator, which represents less than 0.2% of all 
angiosperms [1]. These plants are mainly included from Brassicaceae, 
Asteraceae, Fabaceae, Lamiaceae, Poaceae, Euphorbiaceae, 
Caryophyllaceae and Violaceae [6,81]. Recently it has been reported 
that unlike normal plants, wild huperaccumulators proliferate roots 
positively in patches of high metal availability [82]. Different species 
of British Thlaspi caerulescens were used as Zn hyperaccumulator 
but high uptake of Cd, Co, Mn and Ni has also been reported with 
same mechanism of absorption and transportation [83]. More than 
one metal accumulator also observed in many other species of 
Brassicaceaesuch as Brassica, juncea, Brassica napus, Crassulaceaeie 
and Sedum alfredi.

Some hyperaccumulators are more resilient to higher Nickel (Ni) 
concentration; Ni enters xylem of roots and transport rapidly to the 
shoot xylem along with more effective transpiration. Brassicacoddii 
from Central Africa is highly tolerated to Ni in the soil environment. 
It effectively absorbs and translocates into shoot and mainly 
concentrates in leaves [79]. Cobalt (Co) is also accumulated by 
Brassicacaddii in both either presence or absence of Ni, Co inhibits 
Ni absorption. Some tree species i.e. Populus species and Salix species 
are extensively used for Zn and Cd accumulation from contaminated 
soil.

In recent days, different genetic engineering approaches have been 
used to enhance ability of hyperaccumulators. Transporter protein 
like CDF, ZIP, IRTP are highly correlated with accumulators of heavy 
metals in different plant species [2]. Transgenic Nicotianatobaccum 
increase Cd uptake and tolerance, Pb in Nicotianaglauca, Zn in 
Lactuca sativa and Branicaoleraea and As in Arabidopsis thaliana 

[84].

Phytofiltration
Phytofiltration is a technique to remove impurities from ground 

water and contaminated waste water by plants. For filtration different 
plant parts are used, roots (rhizofiltration), seedlings (blastofiltration) 
and excised plant shoots (caulofiltration. Phytofilterates can be 
aquatic, semi aquatic and terrestrial, slow growth and efficient metal 
binding capacity [85]. Plants grown in hydroponic are more efficient 
in rhizofiltration to absorb contaminants than typical water plants.

Callitrichecophocena effectively treats water contaminated with 
Thallium (Tl), Cd, Zn and Pb [86], Juncusacatus is used for Cr-
contaminated ground water [87] and Plectranthusamboinics shows 
tolerance to a wide range of Pb [88]. Two aquatic macrophytes, 
Pistiastratiotes and Azolla pinnate were found to remove Hg 
contamination from coal mining effluents. Cladophora an alga was 
used to treat Arsenic contaminated water [89]. Some terrestrial plants 
like sunflower, Brassica junecea are also used to remove heavy metals 
contaminate from water [85].

Phytostabilization
Phytostabilization is also called as phytosequestration/

phytodeposition which deals with fixing/sequestering pollutants 
in soil near the root but not in plant tissues that prevents heavy 
metal migration to either ground water or in food web. Recently 
two grasses i.e. Agrostis species and Festuca species were used in 
phytostabilization of Cu, Zn, Pb contaminated soil from Europe, 
China and America. Combination of grass and tree co-cultivation 
shows potential to photostabilization. Tree plantation can be used to 
reduce soil erosion, prevent water erosion, immobilize the pollutants 
by accumulation and provide a space around the roots where 
pollutants are fixed or stabilized. For example spruce (Piceaabien) 
roots minimize phytostabilization capacity because trace elements 
such as Cd, Cu, Pb and Zn are absorbed by their roots. Therefore 
phytostabilization is different from other approaches; unlike other it 
is not a permanent solution and is used mainly to limit movements of 
HMs. It is a management strategy to inactivate toxics.

Phytovolatization
Phytovolatization is also known as phytoevaporation in which 

plants uptake volatile organic pollutants and some heavy metals like 
Hg, Se and As from soil. It’s a controversial technique, limits the 
complete removal of pollutants from soil only transferred from one 
segment (soil) to another (atmosphere) from where it can redeposit. 
Brassica juncea is used to remove Se from soil [32,90]. Se converts to 
volatile methyl sclenate and is removed [91,92]. Astragalusbiscularts 
is also used for Se evaporation in which Se converts into methyl 
selenocynitive by using selenocysteine methyltrasferare enzyme 
[93]. In Pterisvittata as was effectively evaporated in the form of 
arsenite/arsenate. Transgenic Arabdopsis and Tobacco plants are 
also engineered with bacterial genes (merA and merB) (mercury 
reductase) which can volatize Hg almost 10-100 times more Hg than 
wild plants [94].

Phytostimulation
Phytostimulation is also called rhizodegradation in which 

microorganisms are used to breakdown organic pollutants in the soil. 
Microorganisms enhance metal availability and mobility in soil that 
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helps plants to grow well even under metal strain condition. Bacteria, 
such as Bacillus mucilaginosus (K-soluble), Bacillus megaterion 
(P-soluble) and Azotobacter chroococcum (Nitrogen-fixing) can 
help plant growth in several ways i.e. lowering pH, producing plant 
growth regulations such as Indoleacetic Acid (IAA), metal chelating 
compounds such as siderophores and biosurfactants [95,96].

Pseudomonas species are found to assist 113% enhanced 
exchangeable Pb fraction in soil. Microbacterium increase 15 
fold extractable Ni concentration, Paxillusinvolutus enhances the 
concentrate of extractable Zn, Cd, Pb and Cu by 1.33, 1.22, 1.33 and 
1.11 times respectively.

Pb accumulation is increased by upto 131% with help of 
Pseudomonas fluoresce and 80% with microbacterium species in 
Brassica napus shoots. In addition to secreting extractable metals and 
organic substrate for facilitating plant growth and develfigopment 
by microorganism, plants also produce certain enzymes to degrade 
organic contaminants in soils.

Limitation of Phytoremediations
Although phytoremediation is non-destructive, solar driven 

techniques for heavy metals accumulation and removal from soil, it 
also has some limitations [78,97].

1. Time consuming (several years) for cleanup.

2. Slow growth and development of many hyperaccumulators.

3. Biotic factors and disease attack may be compromised 
accumulation capacity of hyperaccumulatiors.

4. Climate and weather conditions affect hyperaccumulator 
plants performance.

5. Only effective in low and moderated level of contamination.

6. Limited bioavailability, hard to be mobilized more tightly 
bound fraction of metal ions from soil.

7. Risk of food web contamination in case of mismanagement.

Future Prospects
Phytoremediation utilize unique properties of hyperaccumulator 

of plants to act as pumping machine for HM removal from soil 
and water. Presently, phytoremediation is at its infant stage which 
requires novel strategies for its development. This can be achieved 
either by exploring vast diversity of hyperacummulators or through 
gene manipulation by genetic engineering.

Introduction of foreign tolerant genes in plants to cleanup 
heavy metal contamination from soil and water is feasible. Although 
several research groups have established ideal hyperaccumulaor to 
accumulate, translocate and detoxify HM through genetic engineering. 
However, no ideal plant can be established for hyperaccumulator and 
hypertolerance until the availability of complete genome information 
is ensured.

Transgene hyperaccumulator plant microbe interaction is highly 
efficient in absorbing, accumulate and translocation of HMs in plants. 
Therefore finding and establishing appropriate microorganisms 
(bacteria, fungi) for phytoremediation requires adequate attention. 
Proper agronomic management practices of using chelate assisted 

remediation in combination of transgenic traditional approach need 
to be explored for accumulation of HM.

There is an urgent need to understand the role of plant hormone 
(IAA, GA cytokine) to increase potential of hyperaccumulator 
plants. In combination of soil microbe and plants, using different 
technologies can be promising way for sustainable remediation and 
environment safety. Interdisciplinary research of plant biochemist, 
physiologist, soil microbiologist, ecologist and soil chemists would 
help to answer many limitation/challenges faced in phytoremediation. 
Researchers need to identify and recommend commercial application 
of phytoremediation to remove contaminations from soil and water.

Conclusion
Since soil contamination with heavy metals is a serious worldwide 

concern, therefore eco-friendly and solar driven technology which 
has community acceptance need to be explored. Phytoremediation 
is one of such approach which needs to be explored further for the 
removal of contamination. This review reveals that cost effective 
phytoremediation technology can be used to remediate HMs and 
pollutants from contaminated soil and water. However, it requires 
better understanding about different steps/processes involved in 
removal by hyperaccumulators. A concise overview of numerous 
approaches of phytoremediation in this review demonstrates that 
despite some limitations, this has numerous advantages and can be 
applied to remediate toxins from soil and water.
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