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Abstract Article Info

Some plant roots can ingest and immobilize unclean things, while others can process or group
natural and supplement contaminants. The contribution of trees in decontamination of soil is
taken into account; this review was formulated with the objectives of emphasizing of the role of
agroforestry in phytoremediation of contaminated soils. Agroforestry is environmentally
sounding natural resources management system. It promotes multiple benefits to the land users.
Its role of naturalizing polluted soils is not trifling. There are potential agroforestry species
undertaking decontamination of polluted soils. As an example, poplars and willows arc a number
of the foremost preferred tree species. Varieties of agroforestry suitable plant species are found
to be promising for phytoremediation of organic toxins. In tropical agroforestry Legume species
have ability to decontaminate polluted soils. This bioremediation has opportunities since
agroforestry species have multiple purposes. There must be a risk management to stop take-up of
contaminants as a challenge. Generally, due to multipurpose nature, phytoremediation by
agroforestry species is effective and environmentally sound. So it needs repeated field
experiment of various agroforestry species and contaminates.
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Introduction components including the soil (Nair, 1993; ICRAF,
2002; Alao and Shuaibu, 2013; Atangana et al., 2014).
Background

Soil is a vital part of the natural environment. Soil is

Agroforestry is defined as a dynamic, ecologically based,
natural resources management system that, through the
integration of woody perennials on farms, ranches, and
in other landscapes, diversifies and increases production
and promotes social, economic, and environmental
benefits for land users (Nair, 1993; ICRAF, 2002;
Orlando, 2004).

In this system there is ecological and economic
interaction between the trees/shrubs and other
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always responding to changes in environmental factors,
along with the influences of man and land use. Its
physical and chemical properties are affected by past
land use, current activities on the site, and nearness to
pollution sources.

Soil toxins adversely affect the physical, chemical and
natural properties of the soil and diminish its profitability
(Mishra et al., 2015). Anthropogenic activities have
deliberately added substances, for example, pesticides,


http://www.ijcrar.com/
https://doi.org/10.20546/ijcrar.2020.809.004

Int.].Curr.Res.Aca.Rev.2020; 8(9): 29-37

manures and different changes to soils are wellsprings of
tainting (Shayler et al., 2009).

There are various kinds of soil contaminations,
specifically agrarian soil contamination, industrial waste
causing soil contamination, urbanization causing soil
contamination and others (Hong-Bo et al., 2010; Daghan
et al., 2015).

A number of ways have been suggested to restrain the
pollution rate. For instance, the cheapest pollution
control method is using trees to decontaminate polluted
soils for agricultural soils. It is an environmentally
friendly approach because it is achieved via natural
processes (Chibuike and Obiora, 2014).

The role of perennial based farming, so called
agroforestry in rehabilitating polluted soils has been
investigated, through exploiting the ability of trees to
capture nutrients and pollutants (Smith, 2010).

The role of agroforestry in protecting the environment
and providing a number of ecosystem services is
promoted as a key benefit of integrating trees into
farming systems. As traditionally employed, these
benefits were intuitive to the farmers and landowners
that managed agroforestry systems, although the
scientific evidence to support such benefits is only now
coming to light (Jose, 2009).

Literatures has shown that trees can take up
contaminants from soil into their biomass, help
breakdown pollutants to non-toxic compounds and
control water dynamics including contaminated
groundwater flow and contaminated water penetration
into soils via evapotranspiration (Volk et al., 2006;
Udawatta, 2011; Zhu et al., 2019).

Role of trees to decontaminate pollution, which is
scientifically called Phytoremediation (Schnoo, 1995;
Salt et al., 1998) involves extraction of soil pollutants by
roots and accumulation or transformation by plants,
(Atangana et al., 2014). It is one of those environmental
services provided by agroforestry, is the use of plants to
decontaminate polluted soils (Burken and Ma 2006; Liste
and White, 2008).

Phytoremediation can be defined the use of green plants
(trees, shrubs, grasses and aquatic plants) and their
associated microorganisms to remove toxic substances
from the soil (Presad, 2004; Dickinson et al., 2009;
Laghlimi et al., 2015).
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Hyperaccumulators are plants that can tolerate metals
and organic pollutants and extract them from
contaminated soils and accumulate them at
concentrations far exceeding what normally would be
found in plant tissues (Van der Ent et al., 2013; Reeves
etal., 2017).

Agroforestry systems restore contaminated soils through
the decontaminating effects of legumes,
hyperaccumulators, and hydraulic lift (a major
mechanism behind soil water redistribution between soil
layers in agroforestry systems) Atangana et al., 2014).

Legume species that are used in tropical agroforestry for
nitrogen fixation in soils most often have the ability to
decontaminate polluted soils, as symbiotic associations
between legumes and symbioses (Mycorrhiza and
Rhizobium  spp.) and actinomycorrhizal plants
(Mycorrhiza and Frankia spp.) enhance phytobial
remediation.

Hyperaccumulators are used for soil decontamination in
several agroforestry systems, including riparian buffer
systems, tree-crop combinations, and short woody
rotation crops (Atangana et al., 2014).

As reported by Atangana et al., (2014) and Favas et al.,
(2014) Phytoremediation may occur as
phytostabilization, phytoextraction, phytovolatilization,
phytofiltration and rhyzodegradation.

By taking into consideration the contribution of trees in
decontamination of soil, present review has been
formulated with the following objective.

Objectives

General objective

To emphasis the role of agroforestry in phytoremediation
of polluted soils.

Specific objectives

To review potential of Agroforestry tree species for
phytoremediation

To review opportunities and challenges of agroforestry
based phytoremediation of polluted soil



Int.].Curr.Res.Aca.Rev.2020; 8(9): 29-37

Concept of phytoremediation

Contaminants within the environment pose a worldwide
problem  for  wildlife and human health.
Phytoremediation may be a recently developed
technology that gives a cheap solution by using plants,
and associated soil microbes, to scale back the content or
toxic effects, of contaminants within the environment. As
mentioned in Suresh and Shankar, (2004) it is a pro-
missing, ecologically-friendly approach to remediate
contaminated soil using plants and remove toxic
elements from the environment.

Woody plants or trees with developed root systems and
large biomasses are especially attractive for vegetation
and phytoremediation in metal-polluted sites (Lee et al.,
2009; Capuana, 2013).

Additionally, exploring native plants  with
phytoremediation potential is a particularly important
strategy, as indigenous plants are often more dependent
in terms of survival, growth and reproduction under
environmental stress than exotic plants (Yoon et al.,
2006).

According to Greipsson (2011) Phytoremediation
technologies are categorized in to four: (d)
phytostabilization, where contaminants are retained in
the soil and prevent further dispersal. Contaminants can
be stabilized in the roots or within the rhizosphere. (b)
Phytodegradation, Involves the degradation of organic
contaminants directly, through the release of enzymes
from roots, or through metabolic activities within plant
tissues .In phytodegradation organic contaminants are
taken up by roots and metabolized in plant tissues to less
toxic substances. Phytodegradation of hydrophobic
organic contaminants have been particularly successful.
Poplar trees (Populus spp.) have been used successfully
in phytodegradation of toxic and recalcitrant organic
pollutants. It involves the degradation of organic
contaminants directly, through the release of enzymes
from roots, or through metabolic activities within plant
tissues. In phytodegradation organic contaminants are
taken up by roots and metabolized in plant tissues to less
toxic substances. Phytodegradation of hydrophobic
organic contaminants have been particularly successful.
As reported by Capuana (2013) Poplar trees (Populus
spp.) have been used successfully in phytodegradation of
toxic and recalcitrant  organic  compounds(c)
phytovolatilization, where contaminants are converted
inside plants to a gaseous state and released into the
atmosphere via the evapotranspiration process, For
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example, hybrid poplar trees have been used to volatilize
trichloroethylene (TCE) by converting it to chlorinated
acetates and CO, and, (d) phytoextraction, where plants
are used to accumulate contaminants in the aboveground,
harvestable biomass.

Phytoremediation potential of agroforestry species

There are potential of agroforestry species with having
decontamination of polluted soils by different sources.
For instance, as reported by Shankar et al., (2005) there
are Four promising agroforestry tree species viz., Albizia
amara, Casuarina equisetifolia, Tectona grandis, and
Leucaena leucocephala as a pot culture experiment was
conducted in green house to study the potential of
chromium (Cr) in a plants. The roots of such plant
accumulated more chromium by addition of acid within
the tissues of roots. In their study as an example, Albizia
amara is a potential chromium accumulator.

The suitability of Leucaena leucocephala for
phytoremediation of heavy metal-polluted and heavy
metal-degraded sites has demonstrated. L. leucocephala
has numerous inherent characteristics that can be
exploited to boost phytoremediation and lower the cost
of regenerations (Senku et al., 2017). The species can
survive in harsh environmental conditions with the
exception of heavily frosted conditions and occurs in a
wide range of ecological settings.

The species is fast growing, capable of to produce a vast
amount of seeds that can germinate into numerous
seedlings to carry on further remediation of the polluted
site. It can produce large quantities of phytomass that can
accumulate heavy metals and can repeatedly be
harvested to regenerate a polluted area through
phytoextraction.

Many metal hyperaccumulators have been reported in
but few are from agroforestry land uses. However, a
legume, Pearsonia metallifera; Annona senegalensis and
Albizia adianthifolia; Idenspilosa and Crotalaria
micans; Sesbania rostrata were reported in the review by
Atangana et al., (2014).

According to Oh et al., (2015) Agronomic characteristics
of sorghum (Sorghum bicolor L.) in an agroforestry
system with suitable trees, may be a plant with high
tolerance to diverse growing conditions, high biomass
production, various processes for bioenergy production
and low nitrogen fertilizer requirements. Therefore,
agroforestry determined the potential of sorghum for
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phytoremediation of multiple heavy metal contaminated
soil and thus the promotion effects on phytoremediation
potential by a lead-tolerance fungous isolated from lead
contaminated soil.

A study in Chinaby Nie et al., (2010) showed that
intercropping maize with suitable plants was effective for
phytoremediation nitrogen pollutions.

Indigenous European hardwood species management (eg
Traditional coppicing) of agroforestry system was more
favorable to offsetting almost certain tone per year
within the traditional system (Simpson et al., 1998).

Trees which have deep roots take up large quantities of
water, nutrients and other contaminants (Isebrands et al.,
2014). For instance, Poplars and willows arc foremost
preferred tree species for phytoremediation because they
grow rapidly.

Phytoremediation of Heavy Metal Contaminated
Soils by agroforestry

Major soil toxins (e.g. Heavy metals) are the main
environmental contaminants and pose a severe threat
within the soil environment (Laghlimi et al., 2015).

The remediation of soils contaminated by heavy metals
could be a cost intensive and technically complex
procedure and traditional remediation technologies are
supported biological, physical, and chemical methods,
which can be utilized in conjunction with each other to
scale back the contamination to a secure and acceptable
level (Jadia and Fulker, 2009).

The most common heavy metal contaminants are Cd, Cr,
Cu, Hg, Pb, and Zn. They mainly sources as naturally
within the soil environment from the pedogenetic
processes of weathering of parent materials and Human
activities (Laghlimi et al., 2015).

As reported Rea et al., (2004) cited in Peuke and
Rennenberg  (2005) Phytoremediation Mechanisms
evolved to tolerate naturally occurring heavy metals in
the soil, which either disrupt or inhibit enzymatic activity
by displacing other metal cofactors, or generate reactive
oxygen species and free radicals that bind to the sulphur
and/or nitrogen atoms of proteins.

Due to different characteristics, For instance, Plants have
several cellular structures and physiological processes to
maintain homeostasis and detoxify supra-optimal metal
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concentrations. These include metal binding to
mycorrhizal fungi, metal binding to cell walls, exudation
of metal chelating compounds and a network of
processes that take up metals, chelate them and transport
these complexes to above-ground tissues where they are
sequestered into vacuoles (Clemens et al., 2002).

Because of different reasons deforestation and forest
degrading has been aggravated and people are facing to
natural forests clearing. But it is obvious that pollution
sources and effects are near residences. So, Agroforestry
as an emerging technology is considered for remediation
of contaminated soils because of its multiple roles
(Vaziri et al., 2013).

Phytoremediation of Organic Polluted Soil
agroforestry

by

According to Harmens et al., (2013) organic chemicals,
like phthalic esters, Polycyclic Aromatic Hydrocarbons,
Polybrominated Diphenyl Ethers, Polychlorobiphenyls,
Petroleum Hydrocarbons, prologueas pesticides causes
pollution to the soil. These organic chemicals can be
removed by woody based farming called agroforestry.

A number of agroforestry suitable plant species are
found to be promising for the phytoremediation of
organic pollutions (Chen et al., 2013). According to
Gerhardt et al., (2009) there are two approaches for the
phytoremediation of organic-polluted soils. First, organic
pollutants are often haunted directly by plants which is
named phytoextraction. Second, organic pollutants can
be degraded by plant-secreted enzymes or microbial
community rhizoremediation.

Rhizosphere increases the abundance genes for
remediation and plant exudates increase solubility of
organic pollutants (Nwoko, 2010). Agroforestry systems
with  diverse plant species are potential for
phytoremediation by modified legume Rhizosphere
(Chen et al., 2013). The removal of organic pollutants by
multispecies may result from the accelerated degradation
rate, elevated soil microbial biomass, microbial
functional diversity, and degrading enzymes activities
(Wei and Pan, 2010) and improved tillage activities.

According to Burken and Schnoor (1997) there are four
mechanisms  involved in  phytoremediation by
agroforestry tree species for organic pollutants. The first
is direct uptake and accumulation of contaminants and
metabolism in plant tissues. For example the uptake of
agrochemicals (e.g. pesticides/insect side) by plants.
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Second is Transpiration of volatile organic compounds
through stomata. Third is Release of exudates help for
microbial activity and biochemical transformations in the
soil. Plants exude a spread of materials into the
rhizosphere. root exudates include compounds like
organic acids, simple sugars, and amino acids, also as
larger and more complex polysaccharides proteins, and
lysates from dead cells. Additionally, several key plant
enzymes, including dehalogenases, nitroreductases,
peroxidases, laccases, and nitrilases, are commonly
found in plant root exudates (Schnoor, 2002).

As the result the Exuded enzymes are implicated within
the degradation of a variety of contaminants in in the
soils and sediments (Schnoor et al., 1995). Fourth is
Boost of mineralization into relatively nontoxic
compounds (eg. carbon dioxide, nitrate, chlorine and
ammonia).

Phytoremidiation through short rotation woody
species

As one category of agroforestry practices Short rotation
woody crop (SRWC) is the intensive culture of fast
growing hardwoods at close spacing for rotations. In
addition to its primarily objective as fuelwood, it has
potential for phytoremediation of soil toxins (Alker et
al., 2002 and Donald et al., 2004).

According to Donald et al., (2004) More than one third
of the world’s population in the energy of the developing
country mainly depends on wood. From aforementioned
amount 86% is used for fuel. African countries such as
Angola, Chad, Ethiopia, and Tanzania depend more than
more than 90% on fuelwood.

Due to forest cover change there are Research and
development farmers efforts in India, Kenya, Ethiopia
and Rwanda practicing agroforestry for fuelwood and
improving the environment.

There are five agroforestry systems identified by Garrett
and Buck (1997) Represent opportunities for
incorporating SRWC. 1. Alley cropping 2. Riparian
vegetative buffer strip 3. Tree-animal systems
(silvopasture) 4.Forest crop systems (forest farming)5.
windbreak systems (shelterbelts), riparian systems and
windbreaks have the greatest potential.

Poplar trees in SRWCs in the riparian component of
agroforestry systems effective in lower subsurface NO3-
N concentrations and stabilizes degraded agricultural
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stream banks while growing rapidly (O’Neill and Gordon
1994). Nutrients, pesticides, and sediments from stream
banks can be removed effectively by Riparian buffer
strip (Schultz et al., 1995).

Agroforestry system is used relatively for a particular
phytoremediation than SRWC. SRWC is applied when
the system is properly established and maintained.

Opportunities and challenges of agroforestry based of
contaminated soil remediation

Opportunities of
contaminated soil

facing phytoremediation

Various physical, chemical and biological processes are
already being used in remediation of contaminated soil
(Cunningham, 1995; Helena and Gomes, 2012). For
instance  Soil washing, solidification/stabilization,
vitrification, electrokinetic treatment, chemical oxidation
or reductions have been used.

In contrast to these adoption of less invasive, effective
method called ‘green Remediation’ is employed. The
biomass of the plants can be used for renewable energy
sources.

In addition to its economic benefit as energy sources, it
reduces pressure on natural and healthy virgin forest
resources. It has ecological benefits like erosion control,
improving soil quality and functionality and wildlife
habitat (Gomes, 2012).

In the case of heavy metals and radionuclides plants
extract and translocate a toxic cation or oxyanion to
above-ground tissues for later harvest and removal
(Angronsveld et al., 2009). It also reduces the cost of
removal of contaminant by excavation.

Generation of valuable products like timber, bioenergy,
feedstock for pyrolysis, bio fortified products are the
major cones of phytoremediation (Van et al., 2001).

Phytoremediation is the ideal technology for mitigating
landfill environmental problems including soil and
ground water contamination, leachate generation and gas
emissions (Kim and Owens, 2010). Crops constitutes
high contaminants are potentially used as material for
metal enrichment (Aken, 2008). Bioremediation of
contaminated soil by agroforestry trees (woody based
farming) have a number of opportunities as reported by
Paz et al., (2013).



Int.].Curr.Res.Aca.Rev.2020; 8(9): 29-37

It's more cost-effective

More environmentally friendly and sounding

More aesthetically pleasing than conventional
methods.

Cheap and environmentally sounding
It is also advantages for plant
management and conservation

biodiversity

Challenges facing phytoremediation

Some plants need water to absorb contaminates from the
soil and their uptakes proportional to water uptake will
consume. Quinn et al., (2001) have observed efficiency
of water uptake by developing model for hybrid poplars
tree on contaminant plume. Quinn and Johnson (2005)
speculated that large trees with no water poured showed
delayed responses for remediation of toxins. Moisture
stress can hinder the effectiveness of remediation
process.

Another drawback of phytoremediation is it is more
effective on layers only on the first meter. However,
Quinn et al., (2001) and USEPA (2003) show that both
the modeling and the results of the application of deep-
rooting technologies allow trees to impact soil and
groundwater to depths of <30 m.

Contaminants may cause problems in later use stages of
production, biofuel and n food chains. They may affect
the human organic phenomenon and health if not well
managed (Andersson et al., 2009). Therefore, there must
be a risk management of the crops or crop choices
(Bardos et al., 2013).

A major disadvantage of phytoremediation is its
relatively slow and requires several years or even
decades to halve metal contamination in soil (Mcgrath
and Zhao, 2003). The other problems are if the plants are
not adapting to climatic and environmental conditions at
contaminated sites (Favas et al., 2014). However
agroforestry species are suitable for such case.

Plant species selection for phytoremediation

There are characteristics of plants that qualify species for
phytoremediation. The root depth of the plant has direct
impacts the depth of soil which will be remediated
(USEPA, 2001).

Since agroforestry trees and shrubs are manageable for
desired objectives they are more preferable for
phytoremediation of contaminated soils.
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For instance vegetation programs agroforestry species in
mining soils has achieved stable persistent cover because
they represent two functional sorts of plants with
different roles within the improvement of mine soils. For
a extended duration, as considered for many
phytoremediation processes, it can't be expected to wash
up the soil only by one plant species used exclusively in
monoculture (Cechmankova et al., 2011).

In agroforestry system combined with Grasses, their
highly developed root, can stabilize the soils and reduce
erosion, while legumes can add nitrogen to the soil,
preparing the establishment of other plant species typical
of later stages of succession (Carvalho et al., 2013). The
major criteria selection for agroforestry species for
phytoremediation is its legume nature. Legume species
that are used in tropical agroforestry for nitrogen fixation
are highly desirable (Atangana et al., 2014). All
manageable characteristics of trees/shrubs in agroforestry
are suitable for phytoremediation of contaminated soil.
This is great opportunities to solve agricultural pollution
s from and near farm.

From current review it's concluded that Agroforestry
plays a crucial role in decontaminating the polluted soil.
There are some potential agroforestry suitable plant
species, which are found to be promising candidates for
the phytoremediation of pollution. As an example,
species like Albiziaamara, Casuarina equisetifolia, teak,
and Leucaena luecocephala were potentially wont to
control the soil pollutants like chromium (Cr)
accumulation. Agroforestry based phytoremediation
shows cost effectiveness, aesthetic advantages, future
applicability. However, if Contaminants in a plant not
properly utilized in safe manner may cause problem in
later stages of use in products and is its relatively slow
phase, because it requires several years. For
phytoremediation, species selection varies significantly.
It depends on local conditions like soil structure, depth of
a hard pan, soil fertility, cropping pressure, contaminant
concentration, or other conditions. Mostly it's preferable
if selected based on their root depth, the character of the
contaminants and therefore the soil, and regional climate.

Agroforestry  trees are more preferable with
characteristics of rapid growth, large amount of biomass,
strong resistance, and effective, Stabilization soils and
ability to remediate differing types of soils, can stabilize
the soils and reduce erosion, while legumes can add
nitrogen to the soil, preparing the establishment of other
plant species typical of later stages of succession.
Generally there should be strong field experiments on
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different agroforestry species and contaminants’ by

researchers, environmentalists and other concerned
bodies.
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