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Abstract

Harmful chemical compounds and pollutants are released into the In order to overcome the constraint and to
atmosphere and causes serious health issues to human since industrial rectify the soil, use of several hyper-
revolution. Bioremediation being the important operation that helps in  accumulator plants such as Marigold,
remediating soil and water through plants. Phytoremediation, an Celosia. Tuberose, etc. and some trees
emerging cost-effective, non-intrusive and aesthetically pleasing like Neem and Willow can be grown.
technology, that uses the remarkable ability of plants to concentrate Advantage of employing flowering plants
elements and compounds from the environment and to metabolize result in preventing heavy metals entering
them in their tissues, appears very promising for the removal of the food chain as they are non-edible and
pollutants from the environment. In simple, Phytoremediation has viable potential for a source of
involves the use of plants to remove pollutants from the environment income.

and renders them harmless. Ornamental plants have a greater impact

on phytoremediation effect. For example, flowering plants such as Keywords: Phytoremediation,

African  marigold, French  marigold, Celosia, Tuberose, Ornamental plants, Heavy metal
Chrysanthemum, etc., have a greater potential to accumulate heavy accumulation

metals such as Cd, Cr and Pb. Industrial landscaping has gained

importance in the recent times that helps in maintaining a clean and *Correspondence

sustainable environment. Growing of plants becomes a tedious thing Author: Shakila Sadasivam

as most plants are susceptible to heavy metal toxicity. Email: shakilas@srmist.edu.in

Introduction

Phytoremediation is a bioremediation technique that employs diverse plant species to remove, transfer, stabilize,
and/or eliminate pollutants in soil and groundwater [1]. It is derived from a greek word ‘phyto’ meaning plant and a
latin word ‘remedium’ meaning remove an evil [2]. Phytoremediation applicability is in the remediation of metals,
heavy metals, radionuclide, explosives, fuels, volatile organic compounds (VOCs) and semi-volatile organic
compounds (SVOCs). This process can be applied in terrestrial and aquatic environment. Plants help to prevent
pollutants from being transported away from the site by wind, rain, and groundwater flow. The uptake of
contaminants in plants occurs primarily through the root system, where the principal mechanisms for preventing
toxicity are found. The root system provides an enormous surface area that absorbs and accumulates water and
nutrients essential for growth along with n~n-essential contaminants [3].

Plant roots alter the soil-root interface by releasing organic and inorganic exudates into the rhizosphere. The
number and activity of microorganisms, the aggregation and stability of soil particles around the root, and the
availability of pollutants are all affected by root exudates. Through changes in soil properties, the release of organic
compounds, changes in chemical composition, and/or an increase in plant-assisted microbial activity, root exudates
can enhance or reduce (immobilize) the availability of pollutants in the rootzone of plants. Plants facilitate in the
removal of a wide range of pollutants, including metals, pesticides, explosives, and oil. However, they perform better
in areas with low contamination levels since high concentrations potentially restrict plant growth and development
and take too long to clean up. Phytoremediation mechanism are of different types namely, Rhizosphere
biodegradation, Phyto-stabilization or Phyto-extraction, Rhizofiltration, Phyto-volatilization, Phyto-degradation and
Hydraulic Control (Figure 1).

Mechanism of phytoremediation

Phyto-extraction removes metals or organics from soils by accumulating them in the biomass of plants. Phyto-
degradation, or phyto-transformation is the use of plants to uptake, store and degrade organic pollutants;
rhizofiltration involves the removal of pollutants from aqueous sources by plant roots. Phyto-stabilization reduces the
bioavailability of pollutants by immobilizing or binding them to the soil matrix, and phyto-volatilization uses plants to
take pollutants from the growth matrix, transform them and release them into the atmosphere [4]. In the process of
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rhizosphere biodegradation, plants release natural substances through roots by supplying nutrients to microorganisms
in the soil. The microorganisms enhance biological degradation.

J

extraction stabilization degradation volatilization

Figure 1 Phytoremediation mechanism (Source: phy2SUDOE)

Phyto-extraction

The utilization of plants to transport and accumulate metals from soil to the harvestable parts (leaves and aerial parts)
is called as phyto-extraction. There are two forms of phyto-extraction namely, natural hyper-accumulation and
induced (assisted) hyper-accumulation.

Natural hyper-accumulation

The plant uptake contaminants from the soil in an unassisted manner and the plants used are metallophytes that can
tolerate and accumulate higher concentration of heavy and toxic metals.

Induced (assisted) hyper-accumulation

A conditioning fluid containing chelators are added to the soil which increases metal solubility or mobilize in the
plants and absorbs them easily.

Phyto-degradation

This process involves the breakdown of contaminant taken up by plants through metabolic processes inside the plant
or the breakdown of contaminants taken up by plants externally through the influence of substances synthesized by
the plants. The complex organic molecules that are degraded into simpler molecule contaminants in soils, sediments,
sludges, and groundwater medium [5]. As with phytoextraction and phytovolatilization, plant uptake generally occurs
only when the contaminants' solubility and hydrophobicity fall into a certain acceptable range. Phytodegradation has
been observed to remediate some organic contaminants, such as chlorinated solvents, herbicides, and munitions, and
it can address contaminants in soil, sediment, or groundwater [6].

Phyto-volatilization

The ability of plants to absorb and subsequently volatilize the contaminant into atmosphere is called phyto-
volatilization. Phytovolatilization can occur with contaminants present in soil, sediment, or water. Mercury is the
primary metal contaminant that this process has been used for. It has also been found to occur with volatile organic
compounds, including trichloroethene, as well as inorganic chemicals that have volatile forms, such as selenium, and
arsenic [6]. It involves contaminants being taken up into the body of the plant, but then the contaminant, a volatile
form thereof, or a volatile degradation product is transpired with water vapor from leaves [6]. Phytovolatilization may
also entail the diffusion of contaminants from the stems or other plant parts that the contaminant travels through
before reaching the leaves [7]. For example, the contaminant, mercuric ion, may be transformed into a less toxic
substance (i.e., elemental Hg). On the other hand, mercury released into the atmosphere is likely to be recycled by
precipitation and then redeposited back into lakes and oceans, repeating the production of methylmercury by
anaerobic bacteria [8].

Phyto-stabilization

The root plants exudates to stabilize, demobilize and bind the contaminants in the soil matrix, thereby reducing their
bioavailability. Certain plant species have used to immobilize contaminants in the soil and ground water through
absorption and accumulation by roots, adsorption onto roots, or precipitation within the root zone [5]. This technique
can also be used to reestablish vegetation cover at sites where natural vegetation fails to survive due to high metals
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concentrations in surface soils or physical disturbances to surface materials. Metal-tolerant species is used to restore
vegetation at contaminated sites, thereby decreasing the potential migration of pollutants through wind erosion and
transport of exposed surface soils and leaching of soil contamination to ground water. It can occur through the
sorption, precipitation, complexation, or metal valence reduction. It is useful for the treatment of lead (Pb) as well as
arsenic (As), cadmium (Cd), chromium (Cr), copper (Cu) and zinc (Zn).

Rhizo-filtration

Plants are used primarily to address contaminated ground water rather than soil. The plants to be used for clean-up are
raised in greenhouses with their roots in water rather than in soil. To acclimatize the plants, once a large root system
has been developed, contaminated water is collected from a waste site and brought to the plants where it is substituted
for their water source. The plants are then planted in the contaminated area where the roots take up the water and the
contaminants along with it. As the roots become saturated with contaminants, they are harvested. Sunflower, Indian
mustard, tobacco, rye, spinach, and corn have been studied for their ability to remove lead from water, with sunflower
having the greatest ability. In sunflower, lead concentration significantly reduced after only one hour of treatment [7].
It is the adsorption or precipitation onto plant roots or absorption of contaminants in the solution surrounding the root
zone. Rhizofiltration is typically exploited in groundwater (either in situ or extracted), surface water, or wastewater
for removal of metals or other inorganic compounds [6]. Rhizofiltration can be used for Pb, Cd, Cu, Ni, Zn, and Cr,
which are primarily retained within the roots [8].

Rhizo-degradation

Rhizo-degradation process uses microorganisms to consume and digest organic substances for nutrition and energy.
Natural substances released by the plant roots, sugars, alcohols, enzymes and amino acids, contain organic carbon that
provides food for soil microorganisms and establish a dense root mass that takes up large quantities of water. This is
also referred to as phytostimulation. The localized nature of rhizodegradation means that it is primarily useful in
contaminated soil, and it has been investigated and found to have at least some successes in treating a wide variety of
mostly organic chemicals, including petroleum hydrocarbons, polycyclic aromatic hydrocarbons (PAHS), chlorinated
solvents, pesticides, polychlorinated biphenyls (PCBs), benzene, toluene, ethylbenzene, and xylenes [6]. It can also be
seen as plant-assisted bioremediation, the stimulation of microbial and fungal degradation by release of
exudates/enzymes into the root zone (rhizosphere) [9].

Hydraulic control

It is referred to as the control of water table and the soil field capacity by plant canopies. It uses phreatophytic trees
and plants that have the ability to transpire large volumes of water and thereby affect the existing water balance at the
site. The increased transpiration reduces infiltration of precipitation (thereby reducing leaching of contaminants from
the vadose zone) or increases transpiration of groundwater, thus reducing contaminant migration from the site in
groundwater plumes. It also addresses a wide range of contaminants in soil, sediment, or groundwater [6]. It should be
noted that hydraulic control is also a feasible phytoremediation mechanism for control of groundwater contamination
in particular, because the characteristics of the contaminants are not as relevant to the success of the technique.

Use of ornamental plants in phytoremediation

Phytoremediation makes use of the harvestable parts of plants to remove pollutants, represents a green and
environmentally friendly tool for cleaning metal polluted soils and waters, there is a danger of contamination of the
food chain if edible crops are used for the purpose. A viable and remunerative alternative could be cultivation of non-
edible crops, which will prevent the entry of heavy metals through food chain [10-12]. Among the non-edible crops,
floriculture plants are important type of higher plants that can be used for remediation of contaminated soils.
Ornamental plants are plants that are grown for decorative purposes with a range of shapes, sizes and colors that
are suitable to a broad array of climates, landscapes, and desired gardening characteristics (their flowers, leaves,
scent, overall foliage texture, fruits, stems and bark, aesthetic form). The group broadly comprise various types of
plants, from herbaceous to woody, lower- to higher-level, and aquatic to terrestrial plants [13, 14]. Distinguished from
other types of reported remediation plants, some ornamental plants can beautify the environment while also
remedying contaminated soils particularly in urban areas [15-20]. Optimistically, both economic and ecological
benefits can be expected with the application of ornamental plants for the phytoremediation of contaminated soils. A
contaminated area can be developed for ecotourism by growing ornamental plants to preserve the aesthetic beauty of

DOI:10.37273/chesci.cs205309530  Chem Sci Rev Lett 2022, 11 (44), 478-488 Avrticle ¢s205311542 480



Chemical Science Review and Letters ISSN 2278-6783

the land. After artificial culturing, ornamental plants could also be sold as houseplants, which will result in economic
benefits and save a large amount of the final disposal expenses [21]. Plant tourism is a worldwide industry worth
billions of dollars annually, and as a tourism resource, ornamental plants have a huge market [22]. With the rising
demand, the ornamental plant industry requires new plant varieties with excellent qualities such as improved
anatomical attributes, stress tolerance and disease resistance, which also offer more options for phytoremediation
[23]. There are abundant ornamental plant germplasm resources around the world, with the number of species
amounting to approximately 30,000 [24], which is beneficial to selecting remediation plants from various ornamental
plants, even from those in different climates zones. The heavy metal concentration in ornamental plants may not
always meet the definition of a hyperaccumulator, but their high biomass indicates that ornamental plants could
accumulate more heavy metals than hyperaccumulators. According to the literature herbaceous ornamental plants
with aesthetic value are preferred for phytoremediation investigations [25, 26]. The short growth cycle of herbaceous
ornamental plants enables the observation and recording of the plant responses to stress over an entire growing season
in a greenhouse. This characteristic makes herbaceous ornamental plants a suitable vegetation type for screening
heavy metal accumulator or hyperaccumulator species. The aboveground biomass of herbaceous ornamental plants
applied for phytoextraction can be harvested as soon as the plants have flowered, usually no more than one year after
planting.

Phytoremediation potential of ornamental plants

The tuberose varieties Prajwal, Mexican single and Shringar showed greater tolerance to Cadmium and exhibited
strong ability to accumulate Cadmium and its partitioning from bulb to shoot. Therefore, the plant has greater
potential to accumulate Cadmium contaminated soils [27]. Indian Marigold is a good Cadmium hyper-accumulator
species screened out from various flowering plants [28]. Indian Marigold grown on contaminated soils of 50 and 500
mg kg grapheme oxide promotes growth and 500 mg kg™ of zero-valent iron nanoparticles is harmful to plants [29].
Among the ornamental plants studied for phytoremediation potential (Jasminum sambac, J.grandiflorum, Polianthes
tuberosa and Nerium oleander), Jasminum sp. was found to be shown high degree of tolerance to Cr contaminated
soils was found by [30]. Phytoremediation depends on the ability of the plants to concentrate heavy metals without
showing signs of toxicity [31]. It was found that T. erecta was able to tolerate Cr concentrations up to 6 mg/kg
without affecting plant growth. Further, it has high biomass, fast growing and easily harvestable phytoremediator.
Among different types of hyper-accumulators, Indian Mustard (Brassica juncea) and Marigold (Tagetes patula)
plants have been known to remove heavy metals from soil [32, 33]. Irrigation of flower crops with tannery effluent
water resulted in considerable amount of Cr accumulation in J.sambac, J.grandiflorum, P.tuberosa and N.oleander
was examined. French Marigold is a hyper-accumulator of Cd metal (45 to 66 mg kg™ in shoots and 65 to113 mg kg™!
in roots) without showing any toxic symptoms in the pot experiment conducted by [34]. The growth response and
phytoextracting ability of Marigold under lead stress conditions showed higher levels and viable candidate for lead
accumulated soils and also has aesthetic sense of beauty [21]. J.auriculatum was found relatively tolerant to Cr at
1000 ug g in soils while Crossandra infundibuliformis and J.sambac were found to be sensitive at this concentration
[35]. Greater accumulation of heavy metals was found in Nelumbo nucifera and poor content in Echinochloa colonum
after studying the different aquatic macrophytes in comparison with biomonitors and abiotic monitors [36]. The
amount of lead extracted from Marigold is at 60% for 200 mg kg™ concentration and is reduced to 30% when the
treatment is incorporated with vermicompost was studied by [37]. Marigold, Rose, Jasmine, Hibiscus showed
bioaccumulation of Cd and Ni metals in aerial shoots and underground roots [38].

Ornamental plants with phytoremediation potential are initially assessed by their morphological characteristics.
The root, stem and leaf morphologies play vital roles in the phytoremediation process [39]. Root length, density and
surface area are important characteristics that can directly influence the uptake or degradation of contaminants, and
root exudates can influence the growth and reproduction of microorganisms in the rhizosphere [40-42]. The essential
part of ornamental plants is stem tissue that tolerates and accumulates contaminants and relates with height and
diameter of the stem [43, 44]. The leaf area index increases biomass through its impact on photosynthesis and leaf
being the major site for volatilization and excretion is primarily involved in detoxification mechanism for hazardous
materials [45, 46]. Mirabilis jalapa may potentially be used for the phytoremediation of cadmium (Cd)-contaminated
soils by accumulating the contaminants at above-ground parts [47].

The ornamental plants are screened and ideally selected by tolerance to biotic (disease and pest resistance) and
abiotic (heat, drought and salt tolerance) stress [44]. The ability of plants to cope with or adapt to environmental
stress, varies across and within species as well as cultivars. Such variation in the tolerance or adaptability to
environmental stress has been subjected to natural selection as well as being selected artificially by breeders to
improve agronomic traits [48]. Atmospheric pollutants absorbed on the surface of aerial plant parts can be taken up
and metabolized by ornamental plants. Ornamental plants can eliminate atmospheric pollutants within a certain

DOI:10.37273/chesci.cs205309530  Chem Sci Rev Lett 2022, 11 (44), 478-488 Avrticle ¢s205311542 481



Chemical Science Review and Letters ISSN 2278-6783

concentration range, but this ability is related to the type of ornamental plants and pollutant [13]. Aloe vera var.
chinensis can absorb formaldehyde, Crassula portulacea can absorb benzene and Dianthus chinensis can absorb
sulfur dioxide. Alternatively, Dracaena sanderiana and Dendranthema morifolium can simultaneously absorb and
purify formaldehyde, benzene and carbon dioxide to a large extent. Heat stress may influence plant growth, causing a
series of negative effects such as a reduced germination rate and abnormal seedlings [49].

Salt tolerance is necessary in ornamental plants for which low-quality water (recycled water or reclaimed water)
may be used for irrigation. Salinity can inhibit growth and cause damage through physiological drought, nutrient
deficiency and ion toxicity [50]. Some ornamental plants such as Plumbago auriculata and Pavonia lasiopetala have
developed specialized salt glands on the surface of their leaves, through which excess toxic ions can be secreted onto
the leaf surface to reduce the harmfulness to the plants [51]. Ornamental plants that are well adapted to high salinity
can also be applied to phytoremediation of heavy metal-contaminated saline land.

Drought tolerance can enable the survival of ornamental plants in dry regions and save considerable amounts of
water. The responses of six cultivars of Gerbera jamesonii to heat stress by analyzing the morphological,
physiological and biochemical characteristics and observed yellowing, wilting, drying and death of their leaves to
varying degrees. Among the six cultivars, Meihongheixin’ was found to be a heat-resistant cultivar, whereas
‘Beijixing” was found to be a heat-sensitive cultivar [52].

The most ornamental plants used for phytoremediating heavy metals such as (Cr, Ar, Cd, Cu, Pb, Hg, Mn, Mo, Ni
and Zn) are annual and biennial herbs. Morphological and growth indicators including root length, shoot height and
plant dry weight are the most common indicators to describe plant tolerance. Ecotoxicological indexes based on the
inhibition rate of seed germination, root and shoot elongation, and biomass (fresh and dry weights), as well as the
IC50 (heavy metal concentration at which 50% of the plants show inhibition) and tolerance (ratio of the maximum
root length in an experimental group to that in a control group) indexes have also been determined [53]. Some
ornamental plants such as Chlorophytum comosum have exhibited high tolerance to more than one type of pollutant.
the dry weight and height of Calendula officinalis was found to increase to different extents with an increase in the
soil Cd concentration. Similar results were also found in Chlorophytum comosum: the lengths of the roots and
aboveground parts reached their maximal value at a Cd concentration of 5 mg/kg dry weight soil, and the dry weight
of the roots reached its peak value at a Cd concentration of 20 mg/kg dry weight soil. Italian ryegrass (Lolium
multiflorum) and white clover (Trifolium repens), two ornamental herb species, had better tolerance to Cd based on
the median inhibition concentration values of seed germination and root and shoot elongation in hydroponics [25]. A
field experiment on Pb-contaminated calcareous and acidic soils was conducted to explore the Pb tolerance of six
scented Pelargonium cultivars. The plants were grown in natural agro-climatic conditions, with neither fertilization
nor optimum irrigation, and no symptoms of morpho-phytotoxicity were observed in spite of high Pb concentration
[54]. The effects of iron ore tailings on the growth and physiological activity of Tagetes patula, their results suggested
an increase in growth, chlorophyll content and antioxidant activities with an increasing proportion of tailings in the
soil [55].

Some of the ornamental plants that have been tested are rather sensitive to heavy metal stress, with symptoms of
phytotoxicity occurring even in the presence of low heavy metal concentrations. According to a preliminary screening
of 30 types of annual or biennial herbaceous ornamental plants, Amaranthus hypochondriacus and Lupinus
polyphyllus showed extremely poor tolerance to Pb (1000 257 mg/kg dry weight soil) compared with the controls, and
the shoot biomass of these 2 plants decreased by 49% and 88%, respectively [56]. Antirrhinum majus and Quamoclit
pennata had poor tolerance to Pb. Pb contamination restricted plant growth, and the plant biomass of A. majus and Q.
pennata in Pb-contaminated soil (1000 mg/kg dry weight) was significantly lower than that in the control [18].
Impatiens balsamina and T.erecta had poor tolerance to Cr compared with M. jalapa [57]. All the selected growth
parameters such as root length, root biomass and shoot biomass decreased significantly as the Cr concentration
increased, and dark brown spots even appeared on the roots and leaves of I. balsamina. Ecotoxicological effects of
cadmium (Cd) on three ornamental plants T.erecta, Salvia splendens and Abelmoschus manihot were investigated
[58]. Seeds of these plants were exposed to five Cd concentrations (0-50 mg/L), and the results showed that Cd had
significant inhibitory effects on root elongation of the three plants and shoot elongation of T.erecta. Although some
ornamental plants with poor tolerance to heavy metals are probably not suitable for phytoremediation applications, the
results of these investigations are still valuable to phytoremediation research. Phytoextraction takes advantage of
plants, especially hyperaccumulator plants, to extract or concentrate metals and organics into the harvestable biomass
[59], whereas phytostabilization primarily makes use of plants ability to reduce the mobility and bioavailability of
contaminants [60, 61]. Thus, in deciding whether an accumulator can be used for phytoextraction or
phytostabilization purposes, the heavy metal accumulation in roots or aboveground shoots is a major factor. Both the
bioaccumulation factor (BCF) and translocation factor (TLF) are important in selection and evaluation of plants for
the phytoremediation of heavy metals [39, 62]. Ideal plants used for phytoextraction are expected to have heavy metal
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accumulation characteristics with BCF >100 and TLF >1. Screening potential hyperaccumulators is always a research
hotspot in phytoremediation. Most of the identified hyperaccumulators can only hyperaccumulate Ni, with
approximately 30 species accumulating either Cu, Co, Mn, or Zn and limited species accumulating Cd, Pb, and As
[63, 64]. Some ornamental plants possess high tolerance and heavy metal accumulation characteristics, but most of
the absorbed heavy metals are deposited in the roots of plants and cannot be transferred to the aboveground parts
effectively. These types of ornamental plants have great potential for phytostabilization of heavy metal-contaminated
soils. T.patula has potential utility in phytostabilization of soils contaminated with multiple heavy metals. Iris lactea
var. chinensis can also be used for the phytostabilization of Pb-contaminated soils when exposed to 828 mg/L Pb,
concentration in the roots and shoots of I. lactea var. Chinensis reached 2408 and 1109 mg/kg dry weight plant,
respectively [65].

The subcellular distribution of Cr in Iris pseudacorus using TEM and X-ray microanalysis, and the highest Cr
contents were found in the cell walls of the cortex in the roots and in the cytoplasm and the intercellular spaces of the
rhizome [66]. Metal deposits generally distribute in the cell walls, vacuoles and cytoplasm plays a vital role in
decreasing the free metal concentration. Heavy metals are absorbed through the root surface and transported to
different plant tissues and detoxification of heavy metals occurs during this process to reduce the biotoxicity of heavy
metals. As there is usually a large negative resting potential in the plasma membrane, most metal ions enter plant cells
via specific or generic carriers. Once metal ions are taken up into the cell, constant chelation is required to accelerate
the rate of metal translocation. The sequestration of metal ions in specific cell and organelle compartments, such as
vacuoles or cell walls, has been proposed to be a detoxification mechanism. Chelators such as phytochelatins,
metallothioneins and organic acids contribute to metal detoxification by buffering the free metal concentration. The
isolation and functional characterization of a Nelumbo nucifera homologue of phytochelatin synthase (PCs) [40]. As a
defense mechanism, SOD, peroxidase (POD) and CAT protect plants from the damage induced by heavy metals.
SOD catalyzes the dismutation of superoxide radicals to O2 and H202, which can then be further detoxified by CAT
and POD [67]. The activities of CAT and POD in Chlorophytum comosum increased significantly at lower Pb
concentrations and reached their maximum at 1000 and 250 mg/kg dry weight soil, respectively [68].

Process of phytoremediation enhancement in contaminated soils

Increasing the metal bioavailability through adding chelators, fertilizers, inoculation of plant growth promoting
rhizobacteria and using genetic engineering. A seed germination test with Zinnia elegans exposed to solutions
containing Pb and four types of chelators including sodium ethylenediamine tetra-acetic acid (Na2EDTA), oxalic
acid, tartaric acid and citric acid was conducted by [69]. The roots and shoots treated with equimolar amounts of the
chelators and Pb were longer than those treated with half and two times of the molar Pb concentrations. Seedling
growth was inhibited by the excess addition of chelators, and the toxicity of the complexes was less than that of the
Pb and chelators. The application of EGTA in soil was shown to be safer than EDTA to enhance Cd uptake by M.
jalapa. The available Cd that resulted from the application of the chelant EGTA to the contaminated soils was limited
to the top 5 cm, while the EDTA applied to the contaminated soils is limited to the top 10 cm. [47]. The efficiency of
tea saponin and EDTA in enhancing the Cd uptake by Amaranthus caudatus and found that tea saponin was more
efficient at increasing the Cd concentration in the shoots and was more easily utilized [44]. The phosphate addition
considerably increased the As uptake of Pteris vittata by 265% due to the replacement of P by As [70]. The effects of
various soil Cd levels on the concentrations of N forms and the activity of key enzymes involved in N metabolism in
leaves of Solanum nigrum [47]. The application of sulfur and vermicompost enhanced the photosynthetic pigments in
Chrysanthemum indicum, and enhanced photosynthetic activities that protect plants against the hazardous effects
induced by Pb [71]. Two heavy metal-resistant rhizobacteria were spiked with Pb- and Hg-contaminated soil to
examine the effects of phytoremediation by Scirpus mucronatus [72], which was found to be feasible using a
combined application of S.mucronatus and bacterial inoculums. [26] assessed the effects of PGPR strains on the
growth of Helianthus annuus grown in Zn-Cd contaminated soil, and found inoculation with PGPR strains to be an
effective way to promote the phytoremediation potential of H.annuus. A CAXcd (an Arabidopsis CAX1 mutant)-
expressing petunia plant with significantly higher Cd tolerance and accumulation than the controls, with the
transgenic plants accumulating up to 2.5 times more Cd than the controls [73]. In ornamental plants, PCs are thought
to be involved in maintaining intracellular homeostasis with respect to essential metal ions. Isolation and functionally
characterization of an N.nucifera homologue of PCs; the sequence, named N. nucifera phytochelatin synthasel
(NnPCS1) was dramatically expressed in response to Cd stress and may represent a useful target gene for
phytoremediation of Cd contamination [40]. The identification and functional characterization of metal tolerance
genes is highly relevant for improving the phytoremediation efficiency. 12 genes authentically related to Cu stress
responses in Paeonia ostii and further validated the differentially expressed genes (DEGS) by quantitative real-time
polymerase chain reaction (QRT-PCR) [74].
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Table 1 Stress tolerant ornamental plants

S.No Tolerance Ornamental plants References

1.

Salt tolerance  Callistemon laevis, Malvaviscus arboreus var. drummondii, Plumbago [51,75,76]
auriculata, Pavonia lasiopetala, Caryopteris clandonensis,
Anisacanthus quadrifidus var. wrightii

2. Drought Syzygium aromaticum, Caryopteris clandonensis, Gaillardia aristata,  [77,78]
tolerance Echinacea purpurea, Dianthus plumarius, Rosa meillandina
Table 2 Heavy metal accumulation and tolerance in ornamental plants
S.  Ornamental plant Heavy Tolerance Accumulated Process of Reference
No metal concentration concentration phytoremediation
Soil  Shoot Root
1. Taraxacum Cd 100 25 12 33 Phytoextraction [79]
mongolicum
2.  Althaea rosea 100 100 136 100 [80]
3. Mirabilis jalapa 100 100 68 141 [81]
4. Calendula officinalis 100 100 1084 284 Phytostabilization ~ [80]
5. Chlorophytum 200 200 866 1522 [17]
comosum
6.  Celosia cristata Pb 5000 1000 1022 360 [18]
7. Melastoma 200 200 13800 880 [19]
malabaricum
8.  Chlorophytum 2000 1250 316 202 [70]
comosum
9. Melastoma As 40 40 570 2800  Phytoextraction [19]
malabaricum
Conclusion

Further investigations to yield valuable information on the molecular mechanisms underlying the heavy metal
resistance of ornamental plants and lay a foundation for further genomics studies on related ornamental species for
phytoremediation of heavy metal-contaminated soils. Understanding the transport pathway and regulatory
mechanisms of heavy metals in ornamental plants will improve plant resistance to these heavy metals and also
provides a theoretical basis for soil remediation by ornamental plants.
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