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Abstract

In the race of development, various indiscriminate anthropogenic activities result in the accumulation of
heavy metals in the soil and get entered into our food chain. Heavy metals are well known for their
toxicity and becomes major threat for human because of their deleterious health effects especially in
children. Because of the persistency of heavy metals, researchers are getting interest in low cost, and
environment friendly plant based remediation technology known as phytoremediation. In
Phytoremediation, plants and associated soil microbes are used to eliminate the toxicant contaminants
from the soil and is a successful substitute to engineering methods. Phytoremediation of metal
contamination involved phytoextraction, phytostabilization, phytovolatilization and rhizofiltration etc.
The drawback of this method is that it is observed more successful and fast in lesser contaminated areas
in comparison to high contamination. The metal hyper-accumulators and some wild plants are found able
to remove contaminants 10-500 times higher compared to cultivated ones.
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1. Introduction

Rapid industrial, urban, and intensive agricultural development are the most common reason
of extensive organic and inorganic contamination and results into polluted unfertilized soil.
The long-established way to remediate contaminated sites usually depend on the type of soil
and consistently involves “in situ” techniques like land farming with occasional plowing or “ex
situ” techniques such as windrows and biopile systems. In-situ techniques of soil remediation
process comparatively relies on natural methods with least human effort while in ex-situ,
engineering and human input is essentially required to improve natural attenuation.
Phytoremediation (phyto=plant and remediation=recovery) can be defined as “green
remediation,” “botanical remediation” is a type of bioremediation process that use plants for
the removal of contaminating substances from the soil. It does not need any special utensils all
through application and endow with a reusable land. Various factors such as soil type, pH (5.8
to 6.5), nutrients availability, root depths and climatic conditions etc. affect the efficiency of
exclusion of the contaminants by phytoremediation ™. Biochar, a carbon-rich product, is
professed to play noteworthy roles in biotransformation and bioremediation of contaminated
soil by increasing bio accessibility and bioavailability of heavy metals. Biochar amended
phytoremediation, is increasingly being picked out as a promising technology that can be used
to remediate polluted soil. Many surveys have reported that biochar has been effectively
applied to immobilize the metals in contaminated regions and influence the bioavailability and
bio accessibility of metals. In this direction, concurrent phyto remedaiton along with getting
valuable end products such as bioethanol, biodiesel, fiber, wood, charcoal, alkaloids,
bioplastics etc. becoming an innovative strategy. There are multitudes of plant species that can
be used for soil remediation studies depending upon the discipline of the researchers: the
treatment evaluation can be based on simple soil analysis for TPH, TOC (bulk parameters), or
more sophisticated involving measurement of soil respiration rates and detailed chemical
analysis of residual hydrocarbons in addition to the traditional bulk parameters. Indeed, recent
studies indicate that relying on bulk parameters for the evaluation of the treatment process may
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still lead to highly hazardous residual petroleum hydrocarbon
components 23],

2. Phytoremediation techniques
In general, phytoremediation includes phytoextraction,
phytostabilization, phytodegradation, phytovolatilizationan,
and rhizoremediation. Phytoremediation techniques are very
effective in the remediation of the areas that are medium-
contaminated and have slight risk.

2.1 Phytoextraction

In phytoextraction, contaminants are extracted from soils into
harvestable plant biomass by the use of the plants or algae.
Root biomass contains the contaminants after plants absorb
them or move them into the stems or leaves. A plant which
grows in contaminated ecosystem should be chosen, because
it will be harvested later so it should not be seasonal. They are
burned in incinerator or exposed to another method with
composition after they are harvested*. When a living plant
harvested it stops to absorb contaminants and a lower level of
the contaminant will remain in the soil, so the harvest cycle
must usually be repeated through several crops to achieve a
significant decontamination and metals accumulated in
harvestable parts of the plant can be simply restored from the
ash that is produced after drying, ashing, and composting
these harvestable parts 1. Phytoextraction is also known as
phytomining or biomining. This technique can also be applied
in mineral industry to commercially produce metals by
cropping®. Natural and Assisted hyper-accumulation are
usually two forms of phytoextraction. Hyperaccumulating
plant such as N. caerulescens strongly reduces Cadmium
content in agricultural soils ', Also, Hyperaccumulators like
Thlaspi caerulescens (Brassicaceae family), Pteris vittata,
Noccaea caerulescens And Arabidopsis halleri accumulate
heavy metals effectively [©12 Hyperaccumulating plants
notably higher rate of heavy metal uptake 3. Yanai et al.,
defined that phytoextration is a phytoremediation technique
that uses plants to remove heavy metals, such as Cd, from
water, soil, and sediments [, Soil properties remain
unaffected using this technique. In this approach,
Phytoextraction is  classified into:  chelate-assisted
phytoextraction [ (induced phytoextraction) and long-term
phytoextraction (continuous phytoextraction) [*®1, out of which
chelate-assisted phytoextraction is more acceptable and
presently being implemented commercially. The success of
the phytoextraction depends upon ability of plants to transport
and uptake heavy metals from the soil into their above-ground
shoots and the harvestable parts of their underground roots
(171, Surahmaida et al. studied the potential of J. curcas L. for
decontamination of Cd- and Pb-contaminated soil and the
garden soil was artificially contaminated by Pb(NOs3), and
Cd(NO3), 1281, The removal of Cd, Pb, As and Hg from slime
tailings at Forest Research Institute, Malaysia also studied
using different timber plants 1%, The results of this study
indicates that A. mangium was suitable for removal of As
where as H. odorata and I. palembanica had the potential for
Cd removal in a short period of time compared with others.

2.2 Phytodegradation

Phytodegradation is the use of plants and microorganisms to
metabolize and degrade the organic contaminants present in
soil, clay, sediment and underground waters as a
physiological process, and do not depend on microorganisms
is the most advantageous aspect of this method and on the

other hand, the exposure of the toxics and end use products
and the difficulty of their detection are drawbacks of this
method %, The hazardous substances such as herbicides,
munitions wastes and chlorinated solvents (trichloroethane
(TCE)) are known to be degraded by the plant enzymes [2],
Removal of soil contaminates with organic compounds are
done using plants roots in couple with the microorganisms 17,
It is also known as phytotransformation. Metabolization of
contaminants can be done by some plants by producing
enzymes 2. This involves organic compounds, including
herbicides, insecticides, chlorinated solvents, and inorganic
contaminants. Also, plants like cannas is able to detoxify
organic pollutants- pesticides, explosives, solvents, industrial
chemicals, and other xenobiotic substances by metabolising
them [231,

2.3 Phytostabilization

Phytostabilization is a plant-based remediation technique that
focuses on reducing the risk of metal pollutants by stabilizing
them through formation of a vegetative cap at the plant
rhizosphere, where binding and sorption processes
immobilize metals so as to make them unavailable for
livestock, wildlife and human  exposure  [2426]
Phytostabilization  involves  stabilization  of  metal
contaminants rather than to remove metal contaminants from
a site this reduces the risk to human health and the
environment. Being cheap, less environmentally evasive and
easy to implement, phytostabilization is more advantageous
than other soil-remediation practices 7). With increase in the
organic matter content, cation exchange capacity (CEC),
nutrient level, and biological actions the chemical and
biological characteristics of polluted soils are modified [2%l,
Phytostabilization is a favourable technique to remediate Cd,
Cu, As, Zn and Cr. The effect of three organic residues,
sewage sludge, municipal solid waste compost, and garden
waste compost, on the phytostabilization of an extremely
acidic metal-contaminated soil has been investigated using
perennial ryegrass (Lolium perenne L.) P9 Wang et al.,
performed experiment on the development and Cu absorption
of corn plant (Zea mays L.) where Acaulospora mellea, an
arbuscular mycorrhizal fungus, inoculated or non-inoculated
corn plant by using different doses of Cu-applied pots in
laboratory conditions [, It is also observed that fungus
modifies the concentration and the structures of the organic
acids in the soil such as malic acid, citric acid and oxalate
acid.

2.4 Phytovolatilization

This involves the release of contaminants either directly, or in
a metabolically modified form, into the atmosphere. The
transformation of the excessive toxic compounds (mercury
contained compounds) into less toxic forms is the most
important aspect of this method. The release of these
hazardous and toxic materials into the atmosphere is the
major disadvantage (Y. As vascular system helps in carrying
water from the roots to the leaves; therefore, the contaminants
are released to the air through evaporation or volatilization eg;
Poplar tree M. According to Ghosh and Singh some plants
such as Brassica juncea and Arabidopsis thaliana can release
heavy metals to the atmosphere with phytovolatilization by
absorbing and transforming them into gas form 2, Some
tress because of their capacity to take contaminants with
phytoremediation such as Populus and Salix are often used in
phytovolatilization (%1, The phytovolatilization has been used
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primarily for the removal of mercury, where Hg®" is
transformed into less toxic HgP. Inserting bacterial Hg ion
reductase genes into plants leads to remediation of mercur
such as Arabidopsis thaliana L. and Nicotiana tabacum L. so
as to achieve phytovolatilization of mercury to a greater
extent [34-36],

2.5 Rhizodegradation

In Rhizodegradation, the microorganism activities lead to the
decomposition of the organic contaminants in soail
surrounding the roots of the plants. Plant’s roots releases
amino acids, sugar, organic acid, sterol, fat acids, growing
factors, nucleotide, flavanone and enzymes and the microbial
activities affected in the surrounding area of the roots. The
dissolution of the contaminants in their natural environment is
the most important benefit of rhizodegradation method for eg;
Pesticides  (herbicide, insecticide), benzene, toluene,
ethylbenzene, xylene (BTEX), total petroleum hydrocarbon
(TPH), polycyclic aromatic hydrocarbons (PAH), surface
active substances, chlorinated solvents (TCE, TCA),
pentachlorophenol (PCP), polychlorinated biphenyls(PCB)
are the contaminants that can be dissolved with
rhizodegradation B% 371, Mentha spicata L., Morus rubra L.,
Medicago sativa L. and Typha latifolia L. are used in
rhizodegradation method [3% 133381 | ygtenberg et al. reported
that some bacteria have emerged with the strategies to out-
compete other microorganisms by releasing toxins, using
extremely efficient nutrient utilization systems or by physical
exclusion®. Xiang et al. performed pot experiment to study
the decrease in the plant uptake and enhancement in the
rhizodegradation of 2,2',4,4'-Tetrabromodiphenyl ether(BDE-
47) in soil where carrot (Daucus carota L.) was used as a
model plant 9],

2.6 Rhizofiltration

Contaminants hold on tightly to the roots or absorbed by the
roots in accordance with biotic and abiotic processes in the
rhizofiltration method. The plants may be planted directly in
the contaminated area or the contaminated water can be
collected from a waste site and taken to where plants are
being hydroponically cultivated. As a result, the roots draw up
both the water and its associated contaminants. It is important
is to maintain the immobilization of the contaminants in or on
the plants and then using different methods the contaminants
can be taken from the plants. This method is successfully used
for underground waters, surface waters and waste waters to
remove the radioactive substances or metals X1, The terrestrial
and aquatic plants can be used in this method. Apart from the
natural environment this method is also used in basins, tanks,
and ponds 1. The advantages of this method for use in in situ
as well as ex situ applications, various studies performed on
plants such as sunflower, Indian mustard, tobacco, rye,
spinach and corn have shown its application in the removal of
lead from effluent, with sunflower having the greatest ability
142,431 Chaudhry et al. reported rhizofiltration can be used for
lead (Pb), cadmium (Cd), copper (Cu), nickel (Ni), zinc (Zn)
and chromium (Cr), which are primarily retained within the
roots [, Berkheya coddii growing in pots on soil

accumulates signfivcant amount of Cd, Ni, Zn or Pb metals
[45]

2.7 Rhizoremediation
Soil contaminants in rhizosphere are degraded through plants
and degradation further can be enhanced with the use of

microbes such technique is known as rhizoremediation [,
The plant growth promoting rhizobacteria (PGPR) is the
reason for the enhanced degradation of contaminants which
enhances the complexation and bioavailability of metals [“7
“8l, The association of the plant roots with several microbes
that are found in the rhizosphere have been identified [ 51,
By reducing the toxicity of metals PGPR can improve the
growth of plants on contaminated sites 1. The growth of the
microbes are assisted by the substrates (root turnover and root
exudates) produced by the plants which acts as the degrading
agents. Mackova M et al. reported that complete degradation
pathways are introduced in plants which leads to enhanced
degradation of highly recalcitrant compounds such as
explosives, PCBs and PAHSs %2, Pseudomonas metafolia is a
microbe that reduces toxic Cr, Hg, Pb, and Cd into nontoxic
forms %1, Rhizobacteria facilitates the accumulation of nickel
in Alyssum murale B4, Also, rhizobacteria increases the
uptake of Cadmium in Brassica napus 1. The accumulation
of metals increases due to the release of siderophores by
bacteria [, In an experiment with Thlaspi caerulescens it
was observed that the addition of bacteria increased the
uptake of zinc B8 571, The accumulation of As increased by the
mycorrhizal interaction with the roots of P. vittata 8 and
Enterobacter asburaie bacteria remediate Cadmium by
interacting with Vigna radiata seedlings ®°. Similarly, Plant
Oryza sativa L. remediate Arsenic by interacting with
microbe Brevundimonas diminuta Bacteria 6%,

2.8 Phytohydraulic control

This method involves removal of ground water contaminants
by using deep-rooted plants where roots come in contact with
water 61631 The expansion of the roots without any artificial
system makes its impact over the wide area. However, its
main disadvantage is the dependence of the water absorption
on the season and climate. Pivetz reported that, a 5-year-old
Populus tree can absorb 100-200 liters of water in a day 2,
The dissolution of organic and inorganic water-soluble
contaminants can be done by the phytohydraulic control
method Y. This technique has been employed to recover
ground water column of methyl-tert-butyl-ether ©4. Prosopis
and Eucalyptus are phreatophytes trees wuseful in
bioremediation [,

3. Phytoremediation with Biochar

Immobolization of the metals in the contaminated soil can be
done effectively using biochar and it also has an influence on
the bioavailiability and bioaccessibility of metals. Biochar is
prepared from the pyrolysis of the different kinds of the
biomass such as oak wood [ corn stover 568 pine
needles %9, sludge70, manure71, bamboos @ usually at low
temperature. The carbon sequestration in soils increases
because biochar containing more aromatic black carbons lasts
longer in the soil than any other form of organic carbon [/ 74,
Biochar derived from the plants contains relatively lower
nutrients than the manure derived biochar. Several studies on
the biochar amended phytoremediation have been used in
actual practices. Brassica napus L. reported to extract Cd in
the presence of biochar "®. Lepp NW et al. showed that
Miscanthus can be used in combination with the biochar for
phtostabilisation 761, Thus, biochar improve the characteristics
of the polluted soil such as water-holding capacity and
nutrients "1and increases the soil microbial activity 81, As a
result, the ecological risk of heavy metals in soil decreases
with immobilization of the heavy metals in the polluted soil.
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The increases of the dissolved organic matter and the
increases of the soil pH by the presence of the biochar derived
from the hardwood or Eucalyptus saligna increases the
mobility of the Arsenic in soil pore water [l Biochar
interacts with soil components for a prolonged period of time
and as a result, their occurs alteration of biochar, a process
known as aging. During the aging process, a large variety of
functional groups such as carboxylic, phenolic, and hydroxyl
could be formed, and immobilization of heavy metals was not
affected by biochar aging in soils with aged biochar®. The
large-scale and long-term field trials will be necessary to
determine the feasibility and stability of biochar amended
phytoremediation.

4. Conclusion

Phytoremediation takes advantage of natural plant processes
and requires less equipment and labor than other methods
since plants do most of the work. Also, the site can be cleaned
up without digging up and hauling soil or pumping
groundwater, which saves energy. Trees and smaller plants
used in phytoremediation help control soil erosion, make a
site more attractive, reduce noise, and improve surrounding
air quality. However, Phytoremediation is limited to the
surface area and depth occupied by the plant roots. Also, slow
growth and low biomass require a long-term commitment.
The survival of the plants also gets affected by the toxicity of
the contaminated land and the general condition of the soil.
Accumulation of contaminants, especially metals, into the
plants which then pass into the food chain, from primary level
consumers upwards, or requires the safe disposal of the
affected plant material. In addition, it is important to select
appropriate biochar so as to develop effective strategy to
immobilize anionic metals in situ. Furthermore, more
thorough studies are needed to evaluate the efficiency of
biochar amended bioremediation of highly contaminated
alkaline soils. Future research should be performed with
focuses on: illustrate the correlations among pyrolysis
feedstocks, physic-chemical properties of biochar, and soil
bioremediation; evaluate the biochar stability and its influence
on fate and transport of metals in mining tailings and soils on
a large timescale; and understand the mechanisms of biochar-
assisted  bioremediation, especially involved in the
interactions among biochar, soil particle, and soil
microbial/plant roots, which is the key point for the
development of cost-effective remediation strategies.

5. References

1. Vanhh O. Pb, Cd, B Elementlerinin Topraklardan Selat
Destekli Fitoremediasyon Yodntemiyle Giderilmesi. ABD:
ITU, Fen Bil. Enst. Cevre Miih, Yiksek Lisans Tezi,
2007.

2. Chen M, Xu P, Zeng G, Yang C, Huang D, Zhang J.
Bioremediation of soils contaminated with polycyclic

aromatic hydrocarbons, petroleum, pesticides,
chlorophenols and heavy metals by composting.
Applications, microbes and future research needs.

Biotechnology Advances. 2015; 33(6 pt 1):745-755.

3. Yeung AT, Gu YY. A review on techniques to enhance
electrochemical remediation of contaminated soils.
Journal of Hazardous Materials. 2015; 195:11-29.

4. EPA. Contaminants and Remedial Options at Select
Metals — Contaminated Sites, EPA/540/R-95/512.
National Risk Management Research Laboratory Office of
Research and Development U.S. Environmental Protection

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

~314"~

Agency. Work EPA, (Environmental Protection Agency),
2000. Introduction to Phytoremediation, EPA/600/R-
99/107, National Risk Management Research Laboratory
Office of Research and Development U.S. Environmental
Protection Agency Cincinnati, Ohio 45268, USA, 1995.
Garbisu C, Alkorta I. Phytoextraction: A cost-effective
plant based technology for the removal of metals from the
environment. Bioresour. Technol. 2001; 77(3):229-236.
Sheoran V, Sheoran AS, Poonia P. Phytomining: A
review. Miner. Eng. 2009; 22(12):1007-1019.

Schwartz C, Echevarria G, Morel JL. Phytoextraction of
cadmium with Thlaspi caerulescens. Plant and Soil. 2003;
249:27.

Assuncao AG, Schat H, Aarts MG. Thlaspi caerulescens,
an attractive model species to study heavy metal hyper
accumulation in plants. New Phytol. 2003; 159(2):351-
360.

Koornneef M, Alonso-Blanco C, Vreugdenhil D.
Naturally occurring genetic variation in Arabidopsis
thaliana. Annu. Rev. Plant Biol. 2004; 55:141-172.
Hanikenne M, Talke IN, Haydon MJ, Lanz C, Nolte A,
Motte P et al. Evolution of metal hyperaccumulation
required cis-regulatory changes and triplication of HMA4.
Nature. 2008; 453(7193):391-395.

Kra'mer U. Metal hyperaccumulation in plants. Annu.
Rev. Plant Biol. 2010; 61:517-534.

Blande D, Halimaa P, Tervahauta Al, Aarts MG,
Ka'renlampi SO. De novo transcriptome assemblies of
four accessions of the metal hyperaccumulator plant
Noccaea caerulescens. Sci. Data 4, 160131, 2017.

Lasat MM, Baker AJ, Kochian LV. Altered Zn
compartmentation in the root symplasm and stimulated Zn
absorption into the leaf as mechanisms involved in Zn
hyperaccumulation in Thlaspi caerulescens. Plant Physiol.
199; 118(3):875-883.

Yanai J, Zhao FJ, McGrath SP, Kosaki T. Effect of soil
characteristics on Cd uptake by the hyperaccumulator
Thlaspi caerulescens. Environ. Pollut. 2006; 139(1):167-
175.

Guo D, Ali A, Ren C, Du J, Li R, Lahori AH et al. EDTA
and organic acids assisted phytoextraction of Cd and Zn
from a smelter contaminated soil by potherb mustard
(Brassica juncea, Coss) and evaluation of its
bioindicators. Ecotoxicology and Environmental Safety.
2019; 167:396-403.

Padmavathiamma PK, Li LY. Phytoremediation
technology: hyper-accumulation metals in plants. Water
Air Soil Pollut. 2007; 184:105-126.

Garbisu C, Alkorta I. Phytoextraction: A cost-effective
plantbased technology for the removal of metals from the
environment. Bioresour. Technol. 2001; 77(3):229-236.
Mangkoedihardjo S, Surahmaida A. Jatropha curcas L.
for phytoremediation of lead and cadmium polluted soil.
World Appl. Sci. J. 2008; 4(4):519-522.

Ang LH, Tang LK, Hui TF, Ho WM, Theisera GW.
Bioaccumulation of heavy metals by Acacia mangium,
Hopea odorata, Intsia palembanica and Swietenia
macrophylla grown on slime tailings. Project No. 05-03-
10-SF0038, Forest Research Institute Malaysia (FRIM),
Malaysia. 2009, 22-26.

Pivetz BE. Ground Water lIssue: Phytoremediation of
Contaminated Soil and Ground Water at Hazardous Waste
Sites. United States Environmental Protection Agency,
EPA, 540/S-01/500, 2001, 36.



Journal of Pharmacognosy and Phytochemistry

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Memon AR, Aktoprakligil D, Ozdemir A, Vertii A. Heavy
Metal Accumulation and Detoxification Mechanisms in
Plants. TUBITAK MAM. Kocaeli, Turkey: Institute for
genetic Engineering and Biotechnology, 2000.

Singh OV, Labana S, Pandey G, Budhiraja R, Jain RK.
Phytoremediation: an overview of metallic ion
decontamination from soil. Appl. Micro biol. Bio technol.
2003; 61(5):405-412.

Solanki P, Narayan M, Rabha AK et al. Assessment
of Cadmium Scavenging Potential of Canna indica L.
Bull Environ Contam Toxicol. 2018; 101:446.

Munshower FF. Practical handbook of disturbed land
revegetation. Lewis Publishing, Boca Raton, FL, 1994,
Cunningham  SD, Berti WR, Huang JWW.
Phytoremediation of contaminated soils.  Trends
Biotechnol. 1995; 13:393-397.

Wong MH. Ecological restoration of mine degraded soils,
with emphasis on metal contaminated soils. Chemosphere.
2003; 50:775-780.

Berti WR, Cunningham SD, Raskin |, Ensley BD.
Phytoremediation of toxic metals: Using plants to clean-up
the environment. John Wiley & Sons, Inc, New York,
2000, 71-88.

Alvarenga P, Goncalves AP, Fernandes RM, de Varennes
A, Vallini G, Duarte E et al. Evaluation of composts and
liming materials in the phytostabilization of a mine soil
using perennial ryegrass. Sci. Total Environ. 2008; 406(1-
2):43-56.

Alvarenga P, Gongalves AP, Fernandes RM, de Varennes
A, Vallini G, Duarte E, Cunha-Queda AC. Organic
residues as  immobilizing agents in  aided
phytostabilization: (1) Effects on soil chemical
characteristics. Chemosphere. 2009; 74(10):1292-1300.
Wang FY, Lin XG, Yin R. Inoculation with arbuscular
mycorrhizal fungus Acaulospora mellea decreases Cu
phytoextraction by maize from Cu-contaminated soil.
Pedobiologia. 2007; 51:99-109.

EPA, (Environmental Protection Agency). Introduction to
Phytoremediation, EPA/600/R-99/107. Ohio 45268, USA:
National Risk Management Research Laboratory Office of
Research and Development U.S. Environmental Protection
Agency Cincinnati, 2000.

Ghosh M, Singh SP. A review on phytoremediation of
heavy metals and utilization of its byproducts. Applied
Ecology and Environmental Research. 2005; 3:1-18.
Pulford ID, Watson C. Phytoremediation of heavy metal-
contaminated land by trees: A review. Environment
International. 2003; 29:529-540.

Rugh CL, Wilde HD, Stacks NM, Thompson DM,
Summers AO, Meagher RB. Mercuric ion reduction and
resistance in transgenic Arabidopsis thaliana plants
expressing a modified bacterial merA gene. Proc. Natl.
Acad. Sci. USA. 1996; 93:3182-3187.

Bizily SP, Rugh CL, Summers AO, Meagher RB.
Phytoremediation of methylmercury pollution: Mer B
expression in Arabidopsis thaliana confers resistance to
Organomercurials. Proc. Natl. Acad. Sci. USA. 1999;
96:6808-6813.

Heaton ACP, Rugh CL, Wang N, Meagher RB.
Phytoremediation of mercury and methyl mercury
polluted soils using genetically engineered plants. J Soil
Contam. 1998; 7:497-510.

Yildiz N. Principles of Plant Nutrition and Disorders of
Plant Nutrition in Plants. Erzurum: Atatirk University

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

~3157™

Agricultural Faculty. Eser Offset Printing, 2008, 304.
Aybar M, Bilgin A, Saglam B. Removing Heavy Metals
from the Soil with Phytoremediation. Artvin Coruh
University Journal of Natural Hazards and Environment.
2015; 1:59-65.

Lugtenberg BJJ, de Weger LA, Bennett JW. Microbial
stimulation of plant growth protection from disease. Curr.
Bio technol. 1991; 2:457-465.

Xiang L, Song Y, Bian et al. Manure amendment reduced
plant uptake and enhanced rhizodegradation of 2,2'.4,4'-
tetrabrominated diphenyl ether in soil. Biol Fertil Soils.
2018; 54:807.

Salt DE, Smith RD, Raskin L. Phytoextraction of
cadmium with Thlaspi caerulescens. Plant Molecular
Biology. 1998; 49:643-668.

Chhotu D, Jadia D, Fulekar MH. Phytoremediation of
heavy metals: Recent techniques. African Journal of
Biotechnology. 2009; 8(6):921-92.

USEPA. (United States Environmental Protection
Agency). Electrokinetic and Phytoremediation in Situ
Treatment of Metal-Contaminated Soil: Stateof- the
Practice. Draft for Final Review. EPA/542/R-00/XXX. US
Environmental Protection Agency, Office of Solid Waste
and Emergency Response Technology Innovation Office,
Washington, DC, 2000.

Chaudhry TM, Hayes WJ, Khan AG, Khoo CS.
Phytoremediation — focusing on accumulator plants that
remediate metal contaminated soils. Austr. J Ecotoxicol.
1998; 4:37-51.

Mesjasz-Przybylowicz J, Nakonieczny M, Migula P,
Augustyniak M, Tarnawska M, Reimold WU et al. Uptake
of cadmium, lead, nickel and zinc from soil and water
solutions by the nickel hyperaccumulator Berkheya coddii.
Acta Biol. Cracov. Bot. 2004; 46:75-85.

Kuiper I, Lagendijk EL, Bloemberg GV, Lugtenberg BJ.
Rhizoremediation: a beneficial plant microbe interaction.
Mol. Plant Microbe Interact. 2004; 17(1):6-15.

Leigh MB. Methods for rhizoremediation research:
Approaches to experimental design and microbial
analysis. Phytoremediation Rhizoremediation. Springer,
Dordrecht, 2006, 33-35.

Chen H, Cutright TJ. Preliminary evaluation of
microbially  mediated precipitation of cadmium,
chromium, and nickel by rhizosphere consortium. J
Environ. Eng. 2003; 129(1):4-9.

Zhuang X, Chen J, Shim H, Bai Z. New advances in plant
growth-promoting rhizobacteria for bioremediation.
Environ. Int. 2007; 33(3):406-413.

Ramasamy K, Banu SP. Bioremediation of metals:
microbial processes and techniques. Environmental
Bioremediation ~ Technologies.  Springer,  Berlin,
Heidelberg, 2007, 137-187.

Belimov AA, Kunakova AM, Safronova VI, Stepanok
VV, Yudkin LY, Alekseev YV et al. Employment of
rhizobacteria for the inoculation of barley plants cultivated
in soil contaminated with lead and cadmium.
Microbiology. 2004; 73(1):99-106.

Mackova M, Barriault D, Francova K, Mackova M,
Dowling DN, Macek T et al. Phytoremediation and
rhizoremediation: theoretical background. Focus on
biotechnology, vol. [AQ3]. Springer, Dordrecht: 2006,
9A:143-167.

Blake RC, Choate DM, Bardhan S, Revis N, Barton LL,
Zocco TG. Chemical transformation of toxic metals by a



Journal of Pharmacognosy and Phytochemistry

Pseudomonas strain from a toxic waste site.
Environmental Toxicology and Chemistry. 1993;
12(8):1365-1376.

54. Abou-Shanab RA, Ghozlan H, Ghanem K, Moawad H.
Behaviour of bacterial populations isolated from
rhizosphere of Diplachne fusca dominant in industrial
sites. World J Microbiol. Biotech. 2005; 21:1095-1101.

55. Sheng XF, Xia JJ. Improvement of rape (Brassica napus)
plant growth and cadmium uptake bycadmiumresistant
bacteria. Chemosphere. 2006; 64(6):1036-1042.

56.Gonzaga MIS, Santos JAG, Ma LQ. Arsenic
phytoextraction and hyperaccumulation by fern species.
Sci. Agric. 2006; 63(1):90-101.

57.Marilley L, Vogt G, Blanc M, Aragno M. Bacterial
diversity in the bulk soil and rhizosphere fractions of
Lolium perenne and Trifolium repens as revealed by PCR
restriction analysis of 16S rDNA. Plant Soil. 1998;
198(2):219-224.

58. Al Agely A, Sylvia DM, Ma LQ. Mycorrhizae increase
arsenic uptake by the hyperaccumulator Chinese brake
fern (Pteris vittata L.). J Environ. Qual. 2005; 34(6):2181-
2186.

59. Kavita B, Shukla S, Kumar GN, Archana G. Amelioration
of phytotoxic effects of Cd on mung bean seedlings by
gluconic acid secreting rhizobacterium Enterobacter
asburiae PSI3 and implication of role of organic acid.
World J. Microbiol. Bio technol. 2008; 24(12):2965-2972.

60. Singh JS, Pandey VC, Singh DP. Coal fly ash and
farmyard manure amendments in dry-land paddy
agriculture field: effect on N-dynamics and paddy
productivity. Appl. Soil Ecol. 2011; 47(2):133-140.

61. Trapp S, Karlson U. Aspects of phytoremediation of
organic pollutants. J Soils Sediments. 2001; 1:1-7.

62. Varsha YM, Deepthi NC, Chenna S. An emphasis on
xenobiotic degradation in environmental cleanup. J
Bioremed Biodegrad. 2011, 11.

63. Aisien FA, Oboh Ol, Aisien TE. Phyto technology-
Remediation of Inorganic Contaminants. CRC Press,
2013; 75-82.

64.Saharan B, Nehra V. Plant growth promoting
rhizobacteria: a critical review. Life Sci. Med Res. 2011;
21:30.

65. Anonymous ITRC (Interstate Technology & Regulatory
Council). Phytotechnology Technical and Regulatory
Guidance and Decision Trees, Revised. PHYTO-3.
Washington, D.C, 2009.

66. Nguyen BT, Lehmann J, Hockaday WC, Joseph S,
Masiello CA. Temperature sensitivity of black carbon
decomposition and oxidation. Environmental Science &
Technology. 2010; 44:3324-3331.

67.Nguyen BT, Lehmann J. Black carbon decomposition
under varying water regimes. Organic Geochemistry.
2009; 40:846-853.

68. Lehmann J, Rillig MC, Thies J, Masiello CA, Hockaday
WC, Crowley D. Biochar effects on soil biota: A review.
Soil Biology & Biochemistry. 2011; 43:1812-1836.

69. Ahmad M, Rajapaksha AU, Lim JE, Zhang M, Bolan N,
Mohan D et al. Biochar as a sorbent for contaminant
management in soil and water: A review. Chemosphere.
2014;99:19-33.

70. Hossain MK, Strezov V, Chan KY, Ziolkowski A, Nelson
PF. Influence of pyrolysis temperature on production and
nutrient properties of wastewater sludge biochar. Journal
of Environmental Management. 2011; 92:223-228.

71. Cao XD, Ma LN, Gao B, Harris W. Dairy-manure derived
biochar effectively sorbs lead and atrazine. Environmental
Science & Technology. 2009; 43:3285-3291.

72.Xu T, Lou L, Luo L, Cao R, Duan D, Chen Y. Effect of
bamboo biochar on pentachlorophenol leachability and
bioavailability in agricultural soil. Science of the Total
Environment. 2012; 414:727-731.

73.Schmidt MW, Noack AG. Black carbon in soils and
sediments: Analysis, distribution, implications, and
current challenges. Global Biogeochemical Cycles. 2000;
14:777-793.

74.Woolf D, Amonette JE, Street-Perrott FA, Lehmann J,
Joseph S. Sustainable biochar to mitigate global climate
change. Nature Communications. 2010; 1:56.

75. Houben D, Sonnet P. Impact of biochar and root-induced
changes on metal dynamics in the rhizosphere of Agrostis
capillaris and Lupinus albus. Chemosphere. 2015;
139:644-651.

76. Hartley W, Dickinson NM, Riby P, Lepp NW. Arsenic
mobility in brownfield soils amended with green waste
compost or biochar and planted with Miscanthus.
Environmental Pollution. 2009; 157:2654-2662.

77.Wang YJ, Li FY, Rong XM, Song HX, Chen JB.
Remediation of petroleum-contaminated soil using bulrush
straw powder, biochar and nutrients. Bulletin of
Environmental Contamination and Toxicology. 2017;
98:690-697.

78.Lu HP, Li Z, Fu SL, Mendez A, Gasco G, Paz-Ferreiro J.
Combining phytoextraction and biochar addition improves
soil biochemical properties in a soil contaminated with Cd.
Chemosphere. 2015; 119:209-216.

79.Beesley L, Marmiroli M. The immobilisation and
retention of soluble arsenic, cadmium and zinc by biochar.
Environmental Pollution. 2011; 159:474-480.

80. Choppala G, Bolan N, Megharaj M, Chen Z, Naidu R. The
influence of biochar and black carbon on reduction and
bioavailability of chromate in soils. Journal of
Environmental Quality. 2012; 41:1175-1184.

81. Beesley L, Marmiroli M, Pagano L, Pigoni V, Fellet G,
Fresno T et al. Biochar addition to an arsenic
contaminated soil increases arsenic concentrations in the
pore water but reduces uptake to tomato plants (Solanum
lycopersicum L.). Science of the Total Environment. 2013;
454:598-603.

82. Beesley L, Dickinson N. Carbon and trace element fluxes
in the pore water of an urban soil following greenwaste
compost, woody and biochar amendments, inoculated with
the earthworm Lumbricus terrestris. Soil Biology &
Biochemistry. 2011; 43:188-196.

83. Ibrahim M, Khan S, Hao X, Li G. Biochar effects on metal
bioaccumulation and arsenic speciation in alfalfa
(Medicago sativa L.) grown in contaminated soil.
International Journal of Environmental Science and
Technology. 2016; 13:2467-2474.

84. Heitkotter J, Marschner B. Interactive effects of biochar
ageing in soils related to feedstock, pyrolysis temperature,
and historic charcoal production. Geoderma. 2015;
245:56-64.

~316"™



