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ABSTRACT

Heavy metal contaminated soil due to industrial, agricultural and municipal activities is becoming a global concern.
Heavy metals severely affect plants, animals and human health. A suitable technology is necessary for heavy metals
removal because it cannot self-decomposition as organic compounds. Among the various technologies surveyed,
phytoremediation is one of the safest, most innovative, environmental friendly and cost-effective approach for heavy
metals removal. Nevertheless, traditional phytoremediation practices pose some limitations such as long processing
time, unstable treatment efficiency and limited application at large scale. In many methods proposed to improve
phytoremediation, integrated phytoremediation has been studied in the recent years. Integrated phytoremediation use
chelating agents and phytohormones to enhance phytoremediation. This is an environmentally safe, saving time and
relative high effective method. Results showed that the association of a metal ion and a chelating agent to form chelates
helps to maintain the availability of metals in the soil for the uptake of plants. Phytohormones supply nutrients for the
soil to support vegetable growth. Therefore, integrated phytoremediation is a promising solution to overcome the
disadvantages of conventional phytoremediation. It should be taken commercialization and need more applied projects
in this field to demonstrate and clarify the real potential of this technology. In view of above, this manuscript reviews
the mechanism and the efficiency of integrated phytoremediation for heavy metals in contaminated soil to give an
overview of this technology.
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1. Introduction

Nowadays, with the rapid rising of industrialization and urbanization, heavy metals pollution is becoming a major
concern to the nations of the world. Heavy metals are metals with a density greater than 5g/cm? and generally they are
related to pollution and toxicity. However, they also include the metal elements required for some low-level organisms
(Adriano, 2001). Heavy metals are classified into three categories: toxic metals (Hg, Cr, Pb, Zn, Cu, Ni, Cd, As, Co,
Sn,...), precious metals (Pd, Pt, Au, Ag Ru,...), and radioactive metals (U, Th, Ra, Am,...). Heavy metals present in
nature are also present in soil and water and their concentration are increasing in the environment by human activities.
Heavy metals by human activities are a major source of heavy metal pollution when they enter the soil and water
environments. Some heavy metals such as As, Cd, Cu, Ni and Zn are estimated to be more abundant than natural
sources (Kabata Pendias, 2010). Heavy metals enter the soil and water due to human action by major pathways such as
manure, pesticides, sewage sludge, industries such as mining or deposited from the air. Unlike organic matter, heavy
metals are not biodegradable. They are constantly accumulating in the environment and threatening human and animal
health (Sarwar et al., 2017). Therefore, heavy metals pollution is attracting much concern from many countries in the
world.

Many technologies are used to degrade heavy metals in the soil such as physical, chemical and biological
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technologies. Physical technologies include soil replacement method and thermal desorption method. Soil replacement
method is a technology that uses unpolluted soil to replace all or a part of the contaminated soil. This technology has
some limitations such as high workload, high cost, and suitable for heavily contaminated soil on small areas. Thermal
desorption method is based on the evaporation of pollutants by the use of steam, microwave, infrared radiation. The
limitations of this method are expensive, long processing times and limited applicable subjects. Chemical technologies
include chemical leaching, chemical fixation, electrolytic remediation and vitrify method. The advantage of chemical
technologies is fast processing time. However, it also has many disadvantages, such as high costs, alters soil structure
and may produce secondary pollutants (Yao et al., 2012). Biological technologies are the friendly technologies that use
plants and microorganisms to degrade pollutants in the environment (Singh et al., 2009). Biological technologies
include microbial remediation, phytoremediation and combined approach (Ullah et al., 2015). In particular,
phytoremediation is a green technology, eco-friendly technology, low-cost technology. Phytoremediation does not affect
soil structure and does not interfere with the ecosystem. Thus, phytoremediation has been recognized as an effective
method for remediation of metal contaminated soils (Sarwar et al., 2017).

Besides the advantages, phytoremediation also has disadvantages that need to be addressed. One of the major
limitations of phytoremediation is the inhibition of the growth of plant biomass by pollutants such as heavy metals in
soil, an important factor in the success of phytoremediation (Sun et al., 2012). In addition, the availability of heavy
metals in the soil also decides the effectiveness of phytoremediation (Hadi et al., 2010; Sun et al., 2012). To address
these disadvantages of phytoremediation, the integration of chelators and plant growth regulators has been used and
yielded remarkable results (Fassler ef al., 2010; Hadi ef al., 2010; Liu ef al., 2007). The chelators have been proposed to
increase the availability of metals in the soil, helping to increase the absorption of heavy metals by plants (Alkorta et al.,
2004; Luo et al., 2004). According to Evangelou et al. (2007), there are two classes of chelates commonly used:
persistent aminopolycarboxylic acids (APCAs) and biodegradable APCAs. Persistent aminopolycarboxylic acids
(APCAs) such as EDTA are low biodegradable. Thus, they are no longer recommended. Instead, biodegradable APCAs
such as ethylene diamine disuccinate (EDDS) and nitrilo triacetic acid (NTA) are the best choice for improving heavy
metals uptake by plants. Plant growth regulators have been proposed to stimulate the development of plant biomass in
contaminated soil conditions (Chen et al., 2012). “Plant growth regulators are organic substances, which in low
concentration promote or inhibit the growth” (Sharma & Kumar, 2011). Plant growth regulators can regulate
intracellular processes and promote cell activation to improve plant growth (Hadi et al., 2010). The most popular plant
growth regulators are IAA, IBA, NAA and GA3 (Bulak et al., 2013). Combination of chelators and phytohormones,
integrated phytoremediation, has solved the greatest limitation of phytoremediation. It can be widely used in the
treatment of heavy metal contaminated soil and bring the phytoremediation technology to new heights in recent years.

In order to an overview of integrated phytoremediation, this manuscript reviews the mechanism and the efficiency
of integrated phytoremediation for heavy metals in contaminated soil. In addition, this study has the synthetical
presentation of chelators and phytohormones used for integrated phytoremediation and compare their efficacy in
enhancing phytoremediation for heavily contaminated soils.

2. Sources of heavy metals in contaminated soils

Heavy metals are important natural components in the soil to organize the life on Earth. Nevertheless, with the
development of industrial revolutions, the concentration of heavy metals in the soil has been increasing rapidly in the
recent years and heavy metals has become one of the most noteworthy contaminants in contaminated soil (Jing et al.,
2007). The toxicity of heavy metals in the soil varies for different subjects. Their toxicity affects ecosystem, evolution,
nutrition and the environment (Nagajyoti et al., 2010). The most common toxic metals in the soil are Hg, Pb, Cd, Cu, Cr,
Mn, Zn, Al (Adriano, 2001; Duruibe et al., 2007). Heavy metals enter the body through pathways such as food, water,
air and skin contact. Heavy metals become toxic when they are not metabolized by the body and accumulate in
the soft tissues (Wuana & Okieimen, 2011). Recent data indicate that after several years of exposure, heavy metals

can affect human health such as cancer (skin, lung, ...), kidney, bone disorders, neurological depression, chronic anemia,
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affects the fetus... (Jarup, 2003)

Contamination of heavy metals in the soil can be from natural or anthropogenic sources. The most important
natural source of heavy metals in the soil is from the formation of the Earth's crust from geologic parent material or rock
outcroppings. Stone type and environmental conditions determine the components and concentration of heavy metals in
the soil. When weathering occurs, they contribute to the soil some typical metals such as Cr, Mn, Co, Ni, Cu, Zn, Cd, Sn,
Hg, Pb (Nagajyoti ef al., 2010). Another source, volcanic eruptions also contribute to increasing concentrations of heavy
metals (Al, Zn, Mn, Pb, Ni, Cu and Hg ) in the soil. In addition, wind dust, marine aerosols and forest fires also have a
significant effect on the concentration of heavy metals (Mn, Zn, Cr, Ni and Pb) in many environments (Ross, 1994).

The anthropogenic sources of heavy metals in the soil include agricultural, industrial activities, wastewater,
atmospheric deposition and other sources. Fertilizers and pesticides are used to increase the growth of crops in
agriculture. However, the use too much of fertilizers and pesticides is one of the sources of heavy metals (Cu, Hg, Mn,
Pb, Cd, or Zn) in the contaminated soil (Wuana & Okieimen, 2011). For industrial sources, heavy metals arise primarily
from the mining industry. In the process of the mining industry, tailings are discharged into the natural environment, go
to the food chain and affect the organism and the people. In addition, other industries such as textile, tanning,
refinement and pharmaceutical facilities are also able to release heavy metals (Cr, Pb, Zn ...) into the environment
(Nagajyoti et al., 2010). Wastewater is usually treated and controlled by standards before being discharged into the
environment. However, the use of this wastewater for long-term irrigation can lead to the accumulation of heavy metals
in the soil. Another pollutant source of heavy metals contaminated soil is the deposition of airborne particulates that
contain metals from the atmosphere. Airborne particulates are deposited on the lithosphere through processes such as
rain and snowfall. Other sources of heavy metals are refuse to burn, burial, transport (generating Cd, Cr, Cu, Ni, Pb,
Zn ...), coal and oil (generating As, Cd, Cr, Co, Cu, Pb, Mn, Hg, Ni, Se, and Zn) (Kida et al., 1996; Meij & te Winkel,
2007; Reddy et al., 2005).

3. Phytoremediation

The term phytoremediation was formed by phyto (Greek phyton: related to plant) and remedium, which means to
cleanup (Mahar et al., 2016). “Phytoremediation basically refers to the use of plants and associated soil microbes to
reduce the concentrations or toxic effects of contaminants in the environments” (Greipsson, 2011). Phytoremediation is
a new green technology in last two decades that is used for the uptake of pollutants from contaminated soils and storage
of these in the parts of plant (Kamran ef al., 2014). It can be used for removal of heavy metals and radionuclides as well
as for organic pollutants such as pesticides, polychlorinated dibenzo-p-dioxins, polychlorinated dibenzo-p-furans and
polychlorinated biphenyls (Ali et al., 2013). Among technologies to remove pollutants in the contaminated soils,
phytoremediation is considered as a clean, green and environmental friendly technology (Mahar et al., 2016). There is
no intervention into ecosystem when using this technology (Cristaldi et al., 2017). Vegetation on contaminated soils can
prevent erosion, improve soil and bring aesthetics (Ali ef al., 2013; Sarwar et al., 2017). In addition, it is considered as a
technology that requires less manpower, initial and maintenance costs lower than other traditional methods (Ali et al.,
2013; Cristaldi et al., 2017). The advantages and disadvantages of phytoremediation are listed in Table 1. Therefore,
phytoremediation is an optimail option to remove heavy metals as well as other pollutants in contaminated soils.

Advantages Limitations
Aesthetically pleasing The time consuming method
Less disruptive than current techniques The amount of produced biomass
The effectiveness in contaminant reduction The root depth
Low cost Soil chemistry
Applicable for wide range of contaminants Level of contamination
Environmentally friendly method The age of plant
The contaminant concentration
The impacts of contaminated vegetation
Climatic condition
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Table 1. Advantages and limitations of the phytoremediation technology

According to Alkorta et al. (2004) mechanisms of phytoremediation include phytoextraction (or
phytoaccumulation), phytofiltration, phytostabilization, phytovolatilization and phytodegradation. Phytoextraction is
removal pollutants from soil and concentrate them in the harvestable parts of plants by using plants. Phytofiltration is
absorbtion of pollutants (mostly, metals) from contaminated soils by plants roots (rhizofiltration) or seedlings
(blastofiltration). Phytostabilization is immobilisation or prevention of migration of pollutants by using plants to reduce
its mobility and bioavailability in the environment. Phytovolatilization is the use of plants to volatilize pollutants into
the atmosphere. Phytodegradation is the use of plants and associated microbes to degrade organic pollutants.

The goals of phytoremediation are (1) prevent and reduce risks; (2) use plants to extract heavy metals and other
pollutants and (3) sustainable soil resources management in order to bring economic value for agriculture
(Vangronsveld et al., 2009).

4. Integrated phytoremediation
4.1 Chelating agents enhanced phytoremediation

The idea of using chelate-enhanced phytoremediation to remove heavy metals in polluted soils has studied in a
recent decade (Evangelou et al., 2007). According to Alkorta et al. (2004), “A chelate is a chemical compound
composed of a metal ion and a chelating agent”. The formation of chelates helps to maintain the availability of metals in
the soil for the uptake of plants. Chelates have been proposed to increase the absorption of heavy metals by plants
without decrease hyperaccumulating efficiency of plants (LeStan et al., 2007). Chelates are effective in increasing the
mobility of metals in the soil and using vegetation to transport heavy metals from the root to the shoot of the plant (Yeh
etal., 2014).

According to (Evangelou et al. (2007)), the commonly used chelates are persistent amino polycarboxylic acids
(APCAs) (such as EDTA, HEDTA, DTPA, CDPA, EGTA...), biodegradable APCAs (such as EDDS, NTA..., natural
low molecular weight organic acids (NLMWOA) and humic substances (HS). The chelates are listed in the table 2.

Abbreviations Full name

EDTA Ethylenediaminetetraacetic acid

HEDTA N-hydroxyethylethylenediaminetriacetic acid

DTPA Diethylenetriaminopentaacetic acid

CDTA Trans-1,2-diaminocyclohexane-N,N,N ¢ N € -tetraacetic acid
EGTA Ethylenebis(oxyethylenetrinitrilo)- N,N,N & N € -tetraacetic acid
EDDHA Ethylenediamine-di (o-hydroxyphenylacetic acid)

HEIDA N-(2-hydroxyethyl)iminodiacetic acid

EDDS Ethylenediaminesuccinate

NTA Nitrilotriacetic acid

HBED N,N-di(2-hydroxybenzyl)ethyleneamide N,N ¢ -diacetic acid
CA Citric acid

MA Malic acid

Table 2. Some chelating agents used in phytoremediation studies

In which, the four most frequently used chelates are EDTA, EDDS, DTPA and CA (Yeh et al., 2014). In previous
years, EDTA was widely used because of its high efficiency in treating heavy metals in the soil. However, due to its
low biodegradability and its ability to survive in groundwater, it has proposed to replace by highly biodegradable
chelates such as EDDS in recent years (Luo et al., 2004).

The effectiveness of using chelates in support of phytoremediation depends on the choice of plant species and the
types of metals stored in the soil (Yeh et al., 2014). Some recent studies have shown and compared the effectiveness of
using different chelates to enhance phytoremediation. Huang et al. (1997) reported the order of effectiveness in
increasing Pb accumulation in both pea (P. sativum L. cv. Sparkle) and corn (Z. mays L. cv. Fiesta) as the following:
EDTA > HEDTA > DTPA > EGTA > EDDHA. In the paper by Chiu et al. (2005), HEIDA was more effective than
HEDTA, CDTA, EDTA, DTPA and EGTA in mobilizing Cu in the soil. Table 3 summarizes the effectiveness of
chelating agents enhanced phytoremediation in several recent studies
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. Heavy Initial Fold increase in metal Uptake
Chelating Agents Plants metals concentration | accumulation (*) by Reference
Pb 2000mg/kg 1.85-fold
EDDS 500umol/kg | Sunflower Ni 200mg/kg 1.02-fold Elr;ie gﬁéellé )et al.,
Pb 4000mg/kg 1.37-fold p
Ni 400mg/kg 1.92-fold
EDTA 5 mmol/kg Cu 1000mg/kg 2.63-fold
Zn 8000mg/kg 2.56-fold
DTPA 5 mmol/kg Cu 1000mgke | 2.98-fold
Chinesse Zn 8000mg/kg 2.82-fold (Yeh et al.,
Cabbage Roots 1 5014
EDDS 5 mmol/kg Cu 1000mg/kg 1.99-fold
Zn 8000mg/kg 2.29-fold
CA 5 mmol/kg Cu 1000mg/kg 1.16-fold
Zn 8000mg/kg 1.44-fold
CA 5mmol/kg 3.37-fold
CA 8mmol/kg Sedum alfredii | Cd 3.03 mg/kg 4.56-fold Shoots g%‘(l)g)et al,
EDTA 5mmol/kg 3.94-fold
EDTA 8mmol/kg 4.86-fold
Oxilic acid
0.05mmol/kg 2.36-fold
Citric acid
0.05mmol/kg Brassica 1.27-fold (Hsiao et al.,
EDTA juncea Cr 3100mg/kg Roots 2007)
0.05mmol/kg 2-fold
DTPA
0.05mmol/kg 1.9-fold
EDDS 2 mmol/kg Coronopus . (Sidhu et al.,
didymus Ni 70mg/kg 2.01-fold Roots 2018)

(*) Compared to control sample (only heavy metals)
Table 3. The effectiveness of chelates enhanced phytoremediation
4.2 Plant growth regulators enhanced phytoremediation

Previous studies have shown that the slowly growing ability of plants in contaminated soil is a major limitation of
phytoremediation (Denton, 2007; Kos & Lestan, 2004; Lopez et al., 2007). Heavy metal contaminated soils often
inhibit the growth of crops leading to reduce the absorption ability of heavy metals of plants. The development of the
root surface area can increase the absorption of heavy metals of plants (Féssler ef al., 2010). Accordingly, plant growth
regulators (PGR) is proposed as a substance that can stimulate cell division, cell proliferation and root growth (Taiz et
al., 2000). “PGR are organic substances, which in low concentration promote or inhibit the growth” (Sharma & Kumar,
2011). Plant growth regulators can regulate intracellular processes and promote cell activation to improve plant growth
(Hadi et al., 2010).

There are five groups of PGR: auxins, cytokinins, gibberellins, ethylene and abscisic acid (Bulak et al., 2013). In
which auxins and cytokinins are the most important phytohormones (George et al., 2008). Auxins are directly embarked
on cation uptake and have an important impact on tropisms (Vamerali et al., 2011). The most common auxins are
indole-3-acetic acid (IAA), indole-3-butyric acid (IBA), and weak auxin phenylacetic acid (PAA) (George ef al., 2008).
Cytokinins (CKs) are phytohormones affecting numerous developmental processes. Cytokinins accelerate cell division,
shoot formation and accumulation of chlorophyll (Bulak et al., 2013). Zeatin and its derivatives are the most important

group of CKs. Gibberellins enhance the process flowering, seed germination, stem elongation, leaf expansion in plant
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growth (Khan & Chaudhry, 2006). The most widely used gibberellin is gibberellic acid (GA3). Ethylene regulates
numerous plant processes, such as seed germination, root-hair initiation and leaf and flower senescence and abscission
(Bleecker & Kende, 2000). Abscisic acid can assist the plant growth and developmental processes, such as embryo
maturation, seed dormancy (Leung & Giraudat, 1998).

In order to stimulate plant growth and plant biomass, shoot and root are important positions to promote growth by
phytohormones. According to Sharma and Kumar (2011), Indole-3-acetic acid (IAA) and a-Naphthalene acetic acid
(NAA) promote root formation but inhibit the shoot length. Contrarily, Indole-3-butyric acid (IBA) promotes the shoot
length and inhibits the root length. Gibberellic acid (GA3) application to the shoot enhances both shoot and root
elongation.

The use of PGR to support phytoremediation of heavy metals removal in soil has yielded positive results. Some

typical research results are listed in the table 4.

Plant growth Heavy Initial Fold increase in metal Uptake
Plants . . References
regulators metals concentration | accumulation (*) by
GA3 15mg/L Cannabis 7.62-fold Entire (Ahmad et al.,
IAA 15mg/L sativa Cd 100 mg/kg 5 46-fold plant 2014)
Zeatin 15mg/L 4.33-fold
12-50% Roots
GA3 (1,3 and 5 Tagetes (Sun et al.,
mmol/kg) patula cd 0.2 mg/ke 16-20% Stems | 5012)
16-40% Leaves
15-33% Shoots
Zea mays Entire (Hadi et al.,
GA3 (10° M) L Pb 800 mg/kg 2.7-fold plant 2010)
IAA (10° M) 2.8-fold
IBA 2.5 uM 2.24-fold (Kulk ;
Brassica Kulkarni et al.,
IBA 5 uM juncea Au 5 mg/kg 6.48-fold Roots | 5012)
IBA 7.5 uM 3.53-fold
Pb 440 m/ke 2-fold Leaves
Cytokin 100mg/l | Sunflower 1.57-fold Shoots %‘5573)‘ etal,
7n 128 mg/ke 2-fold Leaves
1.21-fold Shoots

(*) Compared to control sample (only heavy metals)
Table 4. The effectiveness of plant growth regulators enhanced phytoremediation

4.3 Chelating agents and plant growth regulators enhanced phytoremediation

The success of phytoremediation of heavy metal removal depends on two factors (1) the bioavailability of the
metal and (2) the metal accumulated ability in the plant biomass (Hadi ef al., 2010). Using chelators increase the
solubility of metals in the soil and create the availability of heavy metals in the soil, that makes it easier accumulate by
the plant (Liphadzi et al., 2010; Salt et al., 1998). However, the availability of metals in the soil can increase the
pressure on plants, inhibit plant growth, and lead to reduce heavy metal absorption of the plant (Denton, 2007; Hadi et
al., 2014; Tandy et al., 2006). This adverse effect of chelators on plants can be reduced by adding phytohormones to the
soil as fertilizer to improve soil quality and stimulate the growth of plants (Falkowska et al., 2011; Fassler et al., 2010).
The combination of chelators and phytohormones is used as a new strategy to improve the effectiveness of
phytoremediation. It helps to overcome the disadvantages and promotes the advantages of phytoremediation for treating
heavy metals in the soil.

The success in the combination of chelators and phytohormones to treat heavy metals in soils has been shown in
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several recent studies. According to Lopez et al. (2010), incorporating EDTA and IAA into Alfalfa plants for treating
lead-contaminated soil has a good result. The result indicates that, for control samples (only Pb), the lead was not
detected in the stems. But when using integrated EDTA-IAA-KN, the amount of lead detected in the stems was 142
mg/kg DW. According to Hadi et al. (2014), using combined EDTA and GA3 on Parthenium hysterophorus to treat
cadmium contaminated soil has significantly increased efficiency. The treatment efficiency was increased by more
than 7-fold compared with the control sample (only Cd). Some typical results of integrated phytoremediation are
summarized in the table 5.

In addition, the authors have also done some research to demonstrate effective phytoremediation enhancement
using integrated chelators and plant growth regulators for plants. The study on Integrated Phytoremediation Measures
for Enhancing Energy Crops' Performance in Treating Heavy Metal-polluted Soil was conducted at National Kaohsiung
University. The purpose of this research is to verify a set of integrated measures for the phytoremediation of soil
polluted by heavy metals. With the addition of chelant, phytohormone and calcium peroxide into the soil, we then grow
energy-related crops, i.e. sunflowers, on it to absorb the heavy metals into the plant's body, reducing its content level
and consequently achieving the goal of phytoremediation. In this research, we used a pot experiment to investigate the
optimal operational parameters for phytoremediation by adding chelant (EDTA, EDDS), phytohormone (GA3, IAA),
and calcium peroxide into soil polluted by copper, zinc and lead. The experiment’s results indicate that EDDS is
suitable for soil polluted by copper or zinc, while EDTA is the best one for removing lead from the soil. While both IAA
and GA3 can increase the biomass of plants, GA3 performs better. Therefore, our conclusions regarding the optimal
operational parameters for phytoremediation are as follows: The combination of GA3+EDDS+ CaO2 is the best
formula to remove copper and zinc, while GA3+EDTA+CaO?2 is the most suitable one for eliminating lead from the soil.
Compared with the conventional methods of phytoremediation, these integrated measures can actually spur the growth

of plants and improve the efficiency of their absorption of heavy metals.

. Plant Hea o Fold increase
gh;l;zmg growth Plants vy concelnntlrt:x?!on in metal :J[? tak Ref.
g regulators metals ! accumulation (*) y
Pb 2000mg/kg 1.26-fold
EDDS GA3 Ni 200mg/kg 2.34-fold Entire (Yeh
(100ml, 1078 Sunflower lant et al.,
500pumol/kg) mol/kg) Pb 4000mg/kg 1.92-fold P 2016)
Ni 400mg/kg 2.26-fold
EDDS GA3 Cu 800 mg/kg 2.13-fold Entire (Yeh
(100ml, 1078 Sunflower lant et al.,
500pumol/kg) mol/kg) Zn 4000 mg/kg 3.09-fold P 2017)
-6
EDTA TAA (10 Pb 800 mg/kg 5.4-fold Entire (Hadi
(400mg/kg) M) Zea  mays lant et al
EDTA GA3 (10° | L. P ”
(400mg/ke) M) Pb 800 mg/kg 5.2-fold 2010)
EDTA IAA
(200uM) (1uM) 1.73-fold o
iu
(ZOISEI\TI? a OL‘?\/IA) S.alfredii Pb 200 uM 2.49-fold Shoots | et al.,
2007)
EDTA TIAA
(200uM) (100uM) 3.43-fold
EDTA (160 |~ GA3 . 6.75-fold . (Hadi
mg/kg) (107" M) Parthenium Entire
hysterophorus Cd 100mg/kg lant ot al,
EDTA (40 GA3 ysterop 7 81fold p 2014)
mg/kg) (107 M) ’
F 1.33-fold i
EDTA IAA ¢ ° Entire | , (LiPha
lo/k 6moa/l Sunflower lant dzi et al.,
(1gke) (6mg/l) cd 1.17-fold plan 2010)




Cu 1.71-fold
Mn 1.4-fold
Ni 2.24-fold
Pb 4.89-fold
Zn 2.67-fold
Pb 440mg/kg 5.14-fold
Cvtoki Shoots Tassi
EDTA (2 ytokin Helianthus | 20 128mg/kg 1.51-fold (Tassi
M ©yy (0 et al,
g) mg/l) annuus Pb 440mg/kg 10.33-fold 2007)
Leaves
Zn 128mg/kg 4.5-fold
IAA
. 135'f01d (Israr
100uM
EDTA (100uM) Sesbania Pb 500mg/1 Shoots | &  Sahi,
(100mg/1) drummondii
NAA 12.5-fold 2007)
(100pM) :

Table 5. The effectiveness of integrated phytoremediation

5. Conclusions

In recent decades, the approach of chelators and phytohormones assisted phytoremediation has been a promising

technique for overcoming heavy metal contaminated soil. The performed studies have shown the potential of using

integrated chelators and phytohormones to enhance phytoremediation. Chelates increase the bioavailability of heavy

metals in the soil while phytohormones stimulate to increase roots length, shoot growth and biomass accumulation

under conditions of heavy metal contamination. The combination of chelators and phytohormones helps overcome the

limitations and promotes the advantages of phytoremediation to treat heavy metals in the soil. This is considered as a

new strategy to improve the effectiveness of phytoremediation.
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