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Abstract 

Phytoremediation is a relatively new technology that offers clear advantages over traditional methods for site cleanup. Plants 

and their associated rhizosphere microorganisms can be used in the cleanup of environmental pollution. Knowledge of the 

mechanisms involved may lead to the development of more efficient phytoremadiants and better management practices such as 

development of transgenic plants. In this review, current status of several subsets of phytoremediation are discussed which 

includes: Phytoextraction: the uptake and translocation of dissolved-phase contaminants from groundwater into plant tissue., 

Phytovolatilization: the transfer of the contaminant to air via plant transpiration. Rhizosphere degradation: the breakdown of 

organic contaminants within the microbe rich rhizosphere (soil surrounding the root). Phytodegradation: the breakdown of 

organic contaminants within plant tissue. Hydraulic control: the use of trees to intercept and transpire large quantities of 

groundwater or surface water in order to contain or control the migration of contaminants. There is need for further 

understanding on the processes that affect pollutant uptake and sequestration. 
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1. Introduction 

The rhizosphere defined by Hiltner as the volume of soil that 

is influenced by the roots of plants (Vargas et al., 2002). and 

according to Lynch (1990), this term can be defined as the 

three units interacting: the plant, the soil and the 

microorganisms. The composition of rhizosphere structure is 

highly orientated by the type of plant, quantity and 

composition of root exudates and different root zones 

(Marschner et al., 2004). The root-associated microorganisms 

establish a synergism with plant roots and can help the plant 

to absorb nutrients improving plant performance and 

consequently the quality of soils (Tinker, 1984; Yang et al., 

2009). 

Phytoremediation has evolved to become a potential 

technology for cleanup of contaminated sites (Schnoor et al., 

1995, Macek et al., 2000). Within just a few years, 

phytoremediation has bloomed into a number of interesting, 

potential applications for treating specific elemental and 

organic contaminants. Phytoremediation has several 

advantages, mainly of being a low-cost, ecologically superior 

process and having strong public acceptance. In the mid-

1990s, reports of rapid Trinitrotoluene (TNT) disappearance 

in aquatic plant systems (Wolfe et al., 1994) stimulated 

research and field evaluations of phytoremediation of 

explosives using aquatic and terrestrial plants. Commercial 
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success of phytoremediation for explosives contamination 

hinges on many variables (Burken et al., 2000), including 

insights into the actual biochemistry of the process (the 

enzymes involved and definitive reaction network of 

pathways) and plant tolerance to contaminants. 

Phytoremediation utilizes physical, chemical, and biological 

processes to remove, degrade, transform, or stabilize 

contaminants within soil and groundwater. The disappearance 

of TNT from the medium was connected with the uptake of 

TNT into the plant tissues and its transformation into 

degradation products. Aminodinitrotoluenes were found to be 

the main degradation products of TNT (Vanek et al., 2006). A 

soil bacteria, Enterobacter cloacae, was found to be able to 

use nitrate ester explosives as its source of nitrogen. Two 

enzymes identified in this bacterium are able to perform the 

denitrification reaction: pentaerythritol tetranitrate reductase 

and nitroreductase (French et al., 1999; Hannink et al., 2001), 

both reductases use NADPH as a source of electrons to 

reduce TNT into less harmful compounds. Trichoroethylene 

(TCE) is a halogenated compound used in the industry as a 

degreasing agent. It is one of the most widespread organic 

pollutants and it is particularly hard to remove because of its 

high mobility (Evans and Furlong, 2001). While rhizospheric 

bacteria have long been known to degrade TCE, it is only 

recently that the direct role of plant enzymes in this process 

has been discovered. In experiments using isotopiclabeling, 

Gordon et al. (1998) were able to show that hybrid poplar 

cell cultures were able to absorb TCE present in the growth 

medium and subsequently degrade it to trichloroethanol, 

trichloroacetate and finally to CO2. Most research to date on 

phytoremediation of explosives has concentrated on 

elucidating the capability of plants to transform TNT. Several 

small-scale studies show that plants possess an inherent 

capacity to remove TNT and other nitroaromatics from soil 

and water (Palazzoand Leggett 1986, Larson 1997, 

Pavlostathis et al., 1998, Rivera et al., 1998, Salt et al., 1998, 

Scheidemann et al., 1998, Bhadra et al., 1999a, Bhadra et al., 

1999b, Larson et al., 1999a, Larson et al., 1999b). Although 

plant growth-promoting rhizobacteria (PGPR) was first used 

for prompting the plant growth and for the biocontrol of plant 

diseases, much attention has recently been paid on 

bioremediation with PGPR (Huang et al., 2004; Huang et al., 

2005). In contrast with inorganic compounds, 

microorganisms can degrade and even mineralize organic 

compounds in association with plants (Saleh et al., 2004). 

Bacteria capable of degrading certain kind of organic 

pollutant, such as polychlorinated biphenyls (PCBs) have 

been isolated from a range of sites and the pathways and 

encoding genes have also been well studied (Brazil et al., 

1995). But most of these bacteria cannot survive in the near-

starvation conditions found in soils, including the rhizosphere 

(Normander et al., 1999). 

Phytoremediation can be classified according to the method 

and/or nature of the contaminant (Eapen et al., 2003, 

Newman and Reynolds, 2004; January et al., 2008) so; there 

are several names as follows: a) Phytoextraction: a removal 

process taking advantage of the unusual ability of some 

plants to (hyper-) absorbing and accumulating or 

translocating metals or/metalloids to the shoots. b) 

Phytostabilization (and immobilisation): a containment 

process using plants often in combination with soil additives 

to assist plant installation to mechanically stabilizing the site 

and reducing pollutant transfer to other ecosystem 

compartments and the food chain; the organic or inorganic 

compound can be incorporated to the lignin or to soil humus. 

c) phytostimulation: the growing root promotes the 

development of rhizosphere microorganisms capable of 

degrading the contaminant, using exudates as carbon source. 

d) Phytovolatilisation/rhizovolatilisation: removal processes 

employing metabolic capabilities of plants and associated 

rhizosphere microorganisms to transform pollutants into 

volatile compounds that are released to the atmosphere. 

Some ions of elements of sub-groups II, V and VI of the 

periodic table like mercury, selenium and arsenic are 

absorbed by root, then converted into less toxic forms and 

released (Chowdhury et al., 2015; Teng et al., 2015) . e) 

phytodegradation: organic contaminants are degraded or 

mineralized by specific enzyme activity. f) rhizofiltration : 

use terrestrial plants to absorb, concentrate and/or precipitate 

contaminants in the aqueous system. 

2. Phytoremediation 

Phytoremediation of organic contaminants primarily occurs 

by one or more of the following five mechanisms:  

1. Phytoextraction: the uptake and translocation of dissolved-

phase contaminants from groundwater into plant tissue. 

2. Phytovolatilization: the transfer of the contaminant to air 

via plant transpiration. 

3. Rhizosphere degradation: the breakdown of organic 

contaminants within the microberich rhizosphere (soil 

surrounding the root). 

4. Phytodegradation: the breakdown of organic contaminants 

within plant tissue. 

5. Hydraulic control: the use of trees to intercept and 

transpire large quantities of groundwater or surface water 

in order to contain or control the migration of 

contaminants. 

2.1. Phytoextraction 

Phytoextraction is one of the phytoremediation’s subareas 

based on the use of pollutant-accumulating plants for trace 
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elements and organics removal from soil by concentrating 

them in the harvestable parts (Salt et al., 1998). 

Phytoextraction is the uptake and translocation of 

contaminants from groundwater into plant tissue as the plant 

takes in water and micronutrients from soil through its root 

system. Plant uptake of chlorinated solvents is influenced by 

many factors including soil pH, clay content, water content, 

and organic matter content, as well as the properties of the 

chlorinated solvent (Ryan et al., 1988; Yasin et al., 2015). 

The plant–rhizosphere interactions controlling trace element 

uptake by roots are of primary interest. To what extent root 

exudates can mobilize trace elements or if microbial 

rhizosphere communities stimulated by these root exudates 

(Anderson, 1997) can contribute to trace element 

phytoavailability remains to be further examined. As certain 

plants can use microbial siderophores to improve their iron 

uptake, it has been hypothesized that bacterial trace element 

chelators, such as siderophores, can eventually improve the 

uptake of heavy trace elements by plants (van der Lelie et al., 

1999). 

There are several advantages of phytoextraction. The cost of 

phytoextraction is fairly inexpensive when compared to 

conventional methods. Another benefit is that the 

contaminant is permanently removed from the soil. In 

addition, the amount of waste material that must be disposed 

of is substantially decreased (up to 95%) (USEPA, 2000) and 

in some cases, the contaminant can be recycled from the 

contaminated plant biomass. 

2.2. Phytovolatilization 

Phytovolatilization is the transfer of a contaminant to air via 

plant transpiration. Plants normally transpire water as vapor, 

but volatile compounds can be transpired as well. 

Phytovolatilization occurs via diffusion from the tree’s xylem 

(a tissue that begins at the root of the tree and continues 

through the tree to the upper side of the leaf (Kozlowski and 

Pallardy, 1997) through its bark or leaves. Volatilization of 

CVOCs from plant tissues to the atmosphere is a major 

pathway for CVOCs in phytoremediation applications. 

Although transpiration of chlorinated solvents has been 

confirmed in studies, researchers predict that transpiration 

from vegetation will not result in unacceptable levels of 

airborne CVOCs in the surrounding area (Narayanan et al., 

1999; and McCutcheon and Schnoor, 2003). This hypothesis 

is supported by earlier studies that could not detect VOCs in 

the middle of the phytoremediation test plots. Furthermore, 

calculations show that during the slightest of wind velocities, 

the flux of VOCs to the atmosphere from a phytoremediation 

application leads to trivial concentrations in the atmosphere. 

Phytovolatilization also 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 (EPA, 2000). 

Phytovolatilization may also entail the diffusion of 

contaminants from the stems or other plant parts that the 

contaminant travels through before reaching the leaves 

(Raskin and Ensley, 2000). The most common heavy metal 

contaminants are Cd, Cr, Cu, Hg, Pb and Ni. Metals are 

natural components in soil with a number of heavy metals 

being required by plants as micronutrients. However, 

pollution of biosphere by toxic metals has accelerated 

dramatically since the beginning of the industrial revolution. 

As a result of human activities such as mining and smelting 

of metals, electroplating, gas exhaust, energy and fuel 

production, fertilizer, sewage and pesticide application, 

municipal waste generation, etc. (Kabata-Pendias and 

Pendias, 1989), metal pollution has become one of the most 

severe environmental problems today. 

2.3. Rhizosphere Degradation 

One of the reasons for the prevalence of remediation 

methodologies, utilizing microbial remediation which 

represent deep understanding of the biochemistry behind the 

action of microbes (Rieger and Knackmuss, 1995) and hence 

the consequential incorporation of that knowledge into 

engineering design criteria. For phytoremediation to reach a 

similar level of acceptance, much work is required in 

gleaning information about the enzymes involved, metab-

olites produced, and final fates of compounds in the 

transformation pathway. Progress in understanding pollutant 

transformation pathways, determining carbon fates via mass 

balances, and identifying associated metabolites formed will 

go a long way in helping phytoremediation evolve into an 

industrially accepted procedure (January et al., 2008, Yasin et 

al., 2015). 

Rhizosphere degradation is the breakdown of organic 

contaminants within the rhizosphere─ a zone of increased 

microbial activity and biomass at the root-soil interface. Plant 

roots secrete and slough substances such as carbohydrates, 

enzymes, and amino acids that microbes can utilize as a 

substrate. Contaminant degradation in the rhizosphere may 

also result from the additional oxygen transferred from the 

root system into the soil causing enhanced aerobic 

mineralization of organics and stimulation of co-metabolic 

transformation of chemicals (Anderson et al., 1993; Abdel 

Ghany et al., 2013). Many studies have indicated that 

wetland vegetation and rhizosphere microbial communities 

can effectively treat chlorinated compounds (Dhanker et al., 

1999, Nzengung et al., 1999; Kassenga, 2003). 
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2.4. Phytodegradation 

Phytodegradation is the breakdown of organic contaminants 

within plant tissue. Although data are limited, it appears that 

both the plants and the associated microbial communities 

play a five significant role in attenuating chlorinated 

compounds. Phytodegradation involves the partial or 

complete degradation of contaminants by internal or secreted 

plant enzymes (Chris, 2010). As in phytodegradation, 

phytostimulation also involves enzymatic breakdown, but 

through microbial activity. Plants can stimulate microbial 

biodegradation in several ways. Since most organic 

pollutants can be broken down enzymatically, 

phytodegradation and phytostimulation are particularly 

effective for this class of pollutants. 

2.5. Hydraulic Control 

A great deal of research has focused on the use of trees-

poplar trees, in particular-to intercept shallow groundwater 

plumes (Thomas and Krueger, 1999, Quinn et al., 2001). 

Most of these studies have shown that trees can extract large 

enough quantities of groundwater to depress the water table, 

locally inducing flow toward the trees. This depression can 

be sufficient to create a hydraulic barrier or hydraulic control. 

Hydraulic control mitigates potential risks by controlling 

offsite transport of CVOCs and providing more opportunity 

for the other four mechanisms of phytoremediation to 

remediate the CVOCs. Proper hydraulic control involves the 

selection and planting of vegetation to intercept and transpire 

large quantities of groundwater or surface water. 

3. Biodegradation of Petroleum 
Hydrocarbons in the 

Rhizosphere 

3.1. Plant-Induced Changes in Soil 

Growing plants have profound impacts on the physical and 

chemical properties of soil. Most plants have an extensive 

rooting system that extends into the soil, penetrates 

micropores, disrupts some soil aggregates, creates channels 

for air and water penetration, enhances the development of 

soil structure, and exposes more soil surface area for 

microbial interaction. Plants excrete amino acids, carboxylic 

acids, carbohydrates, nucleic acid derivatives, growth factors, 

enzymes, and other related products (Alexander, 1977, Abdel 

Ghany, 2014). These compounds can promote flocculation of 

clays in soil and solubilize metals through chelation. In 

response to the nutrient status of the soil, roots may decrease 

pH, increase pH, or alter the oxidation-reduction potential of 

the rhizosphere. All these root-related factors can impact the 

degradation of petroleum hydrocarbons and other recalcitrant 

organic pollutants. Stimulated activities of rhizosphere 

microorganisms and exploration of the soil are thought to be 

the most important root-induced factors in accelerating the 

degradation of soil contaminants. Thus, understanding the 

physiology, structure, and growth habit of roots is critical to 

optimizing phytoremediation systems. Under field conditions, 

roots are frequently more variable in appearance and 

development than shoots. Root proliferation in favourable 

portions of the soil can fully compensate for poor growth in 

other areas of the soil. 

Some of the most important root properties that may contribute 

to phytoremediation include root length, surface area, mass, 

depth of penetration, quantity and composition of dead roots 

and exudates, proliferation of root hairs, and bacterial and 

fungal associations. Factors that affect these root properties 

include air temperature, soil temperature, water availability, 

nutrient concentrations, plant species and variety, and the 

physical properties of the soil. 

For hydrophobic large molecular contaminants, such as 

polycyclic aromatic hydrocarbons (PAHs) and other petroleum 

hydrocarbons, the likely mechanism for removal from soil is 

rhizosphere degradation (also known as plant-assisted 

bioremediation, (McCutchean and Schnoor). Uptake of these 

large molecules into the plant is improbable. The uptake of an 

organic compound by plants is dependent on the water 

solubility and octanol water partition coefficient (Kow). 

Schwarzenbach et al. (1993) present these and other properties 

of selected PAHs. 

Phytoremediation of PAHs occurs primarily in the rhizosphere, 

i.e., the small volume of soil immediately surrounding and 

most influenced by the root. The rhizosphere cannot be defined 

unambiguously, but compared to the bulk soil, this root zone 

generally has larger concentrations of plant exudates, elevated 

carbon dioxide (CO2) gas pressures, greater microbial 

activities, and is strongly subject to the depletion of cations 

and anions due to plant uptake. As a result, strong 

concentration gradients are established, creating a chemically 

dynamic system. Bacteria degrade PAHs in the rhizosphere in 

the presence of oxygen and nutrients. In aged soils 

contaminated with PAHs, the contaminants may be strongly 

sorbed to soil surfaces and are often found in very small 

interstices (less than or equal to 1 micrometer in diameter) of 

the soil. Roots can enhance micro-bial degradation by 

exploring otherwise inaccessible microzones of the soil. The 

most important property controlling the uptake of organics by 

plant roots is lipophilicity, i.e., the distribution of a chemical 

between the soil solution and the lipids in the plant cells (Trapp 

and McFarlane, 1995).  
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3.2. Effect of Microorganisms 

The primary factor influencing the phytoremediation of 

petroleum hydrocarbon contaminants in soil is microbial 

activity (Alexander, 1977, Abdel Ghany et al., 2013). 

Microbial populations and activity are strongly associated 

with the water and nutrient contents of the soil, the plant 

species, and the type of contaminant. Microbial activity is 

affected by soil pH and by temperature. In addition, the 

extensive root surface area of monocot grasses creates an 

optimal environment for the contaminant-degrading 

microorganisms (Tate, 1995). 

Total microbial activity varies with the available water in soil 

and varies from almost no activity at low water potential to 

maximum activity at an optimum water-filled pore space of 60 % 

(Tate, 1995). Soil bacteria have been found to function in soil 

with water potentials as low as three megapascals (Wilson and 

Griffin, 1975, Wildung et al., 1975). As the water-filled pore 

space increases toward saturation and available oxygen 

becomes limited, microbial activity declines. 

3.3. Soil Physical Properties and 

Contaminant Degradation 

The physical properties of soil influence both oxygen and 

water transport. Soils with high clay content tend to have 

lower hydraulic conductivities and lower diffusion 

coefficients than soils with low clay content. Soils with high 

clay content also tend to be dominated by very small 

interstices in which contaminants may become trapped and 

are inaccessible to microorganisms. The presence of 

vegetation affects many physical properties of soil, including 

structure, porosity, hydraulic conductivity, and infiltration 

rate. These properties, in turn, influence microbial activity by 

regulating the transport of required water and nutrients 

through the soil profile and by controlling soil aeration. 

Understanding how the presence of vegetation impacts soil 

structure is an important step toward identifying the 

mechanisms of phytoremediation. Bioremediation and 

rhizodegradation of petroleum hydrocarbons are driven by 

microorganisms, which in turn depend heavily on adequate 

moisture and oxygen. 

4. Degradation of Aromatic 
Hydrocarbons in the 

Rhizosphere 

Bioremediation of petroleum hydrocarbons in soil by 

indigenous microorganisms has been established as feasible 

treatment option. The biodegradation rate of the more 

recalcitrant and potentially toxic petroleum hydrocarbon 

contaminants such as PAHs, however, is initially high but 

quickly declines as the PAH-contaminated waste ages. 

Biodegradation of PAHs is limited by the strong adsorption 

potential and low water solubility. Vegetation plays an 

important role in the biodegradation of these toxic organic 

chemicals in soil because the presence of rhizosphere 

microorganisms accelerates biodegradation. 

Plants can influence the biodegradation of contaminants in 

several ways. A large fraction of petroleum hydrocarbon 

contaminants can be strongly adsorbed on organic matter. 

Plants exude appreciable quantities of carbon through the 

root system. By increasing the organic matter content in 

contaminated soils, plants may affect contaminant 

bioavailability through sorption. Many petroleum 

contaminants are not readily desorbed and, consequently, are 

not available for bioremediation (Hatzinger and Alexander, 

1995). Also, the effect of humification in the rhizosphere may 

be considerable. Free radicals in humus may react with PAHs 

forming electron donor acceptor complexes which may 

initiate covalent bonding of the PAHs or the associated 

metabolites to humic material (Mahro et al., 1994). Increased 

mineralization ,i.e., conversion into carbon dioxide and water) 

and formation of inextricable, bound residues have been 

observed after compost addition to soil. Metabolic by-

products that are formed from PAH biodegradation ,e.g., 

hydroxyl carbonic acids and phenolic compounds) can 

chemically interact with soil organics and can be 

incorporated into humic material, thereby forming these 

bound residues. Roots of all plants have at least some 

capability to penetrate soil aggregates and small pores. The 

fine roots of aggressive plants can disrupt soil aggregates, 

increase exposed surface area, and enhance biodegradation of 

entrapped hydrophobic contaminants. Root biomass may be 

as high as 20 grams per kilogram of soil with total root length 

as high as 100 meters per kilogram of soil (Detling, 1979). 

Plants may indirectly contribute to the microbial degradation 

of highly sorbed contaminants such as PAHs. Rhizosphere 

soil adjacent to plant roots has been observed to contain 

greater microbial densities than those observed outside the 

soil rhizosphere (Paul and Clark 1989). In fact, Rovira and 

Davey (1974) determined that the number of bacteria 

quantified in rhizosphere soil was as much as 20 times 

greater than that normally quantified outside the soil 

rhizosphere. Short, gram-negative rods (specifically 

Pseudomonas spp., Flavobacterium spp., and Alcaligenes 

spp.) are the most common microorganisms found in the 

rhizosphere (Barber, 1984). The presence of plant exudates 

and seasonal root dieback are primarily responsible for the 

increased microbial population densities generally observed 

in rhizosphere soil. These materials serve as sources of 

energy, carbon, nitrogen, and growth factors for these 

populations. The activity of microorganisms in the root zone 
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stimulates root exudation that further stimulates microbial 

activity (Barber and Martin, 1976).The effect of plants and 

the associated rhizosphere on the fate of petroleum 

hydrocarbon contaminants has been evaluated in several 

studies (Aprill and Sims, 1990,  Schwab et al., 1995, Reilley 

et al.,1996). In general, plants enhanced the removal of 

contaminants from soil. Also, in studies using [
14

C]-labelled 

contaminants in closed plant chambers, mineralization was 

observed to be greater in rhizosphere soils than in soils 

without vegetation (Lee, 1996). 

Aprill and Sims (1990) investigated the effects of using deep-

rooted prairie grasses for remediation of PAH-contaminated 

soil. They suggested that due to the fibrous nature, the roots 

of these perennial grasses might be more effective in 

stimulating microorganisms in the rhizosphere. Big bluestem 

(Andropogon gerardii), Indian grass (Sorghastrum nutans), 

switchgrass (Panicum virgatum), Canada wild rye (Elymus 

canadensis), little bluestem (Schizachyrium scopar-ius), side 

oats grama (Bouteloua curtipenduld), western wheatgrass 

(Agropyron smithii), and blue grama (Bouteloua gracilis) 

were evaluated. After 219 days of growth, PAH removal was 

greater in the rhizosphere soil than outside the soil 

rhizosphere. The order of removal among the four PAHs that 

were investigated correlated with the water solubility of the 

compound; the most water-soluble PAH exhibited the 

greatest extent of degradation. 

Schwab and Banks (1994) investigated the degradation of 

PAHs in the rhizosphere of a variety of plants grown in 

petroleum hydrocarbon-contaminated soil. Alfalfa (Medicago 

sativa), tall fescue (Festuca arundinaced), big bluestem 

(Andropogon gerardii), and Sudan grass (Sorghum vulgare 

var sudanense) were used. Pyrene was one of the target PAH 

compounds assessed in this study. After 4 weeks of plant 

growth, pyrene concentrations had decreased from an initial 

level of 100 milligrams per kilogram of soil to less than 12.6 

milligrams per kilogram of soil. During week 24, 

concentrations of pyrene were less than 2.4 milligrams per 

kilogram of soil. Pyrene degradation was appreciably greater 

in vegetated soil than in barren soil. 

Qui et al. (1994) assessed the removal of naphthalene in the 

presence of prairie buffalo grass (Buchloe dactyloides var. 

prairie) in a field test. The rate of naphthalene removal was 

greater in the presence of plants. Additional data generated 

during the investigation suggested that the presence of Verde 

klein-grass (Panicum coloratum var. verde), common buffalo 

grass (Buchloe dactyloides), and Meyer zoysiagrass (Zoysia 

japonica var. meyer) might also be effective in reducing 

concentrations of PAHs in soil. 

Gunther et al. (1996) reported that ryegrass (Lolium 

multiflorum) effectively enhanced the degradation of 

petroleum hydrocarbons in the rhizosphere. After 22 weeks 

of plant growth, the extractable hydrocarbon concentration in 

the phytoremediated soil had been reduced by 97 percent, 

while only an 82 percent reduction was noted in the soil 

control without vegetation. Microbial analyses established 

that microorganisms in the rhizosphere were responsible for 

the degradation. Pradhan et al. (1998) determined that alfalfa 

(Medicago sativa L.), switch-grass (Panicum virgatum), and 

little bluestem (Schizachyrium scoparius) were effective in 

enhancing the degradation of PAHs in soil from a 

manufactured gas plant. Their results showed that alfalfa 

(Medicago sativa L.) removed 56 percent, switchgrass 

(Panicum virgatum) removed 57 percent, and little blue-stem 

(Schizachyrium scoparius) removed 47 percent of the total 

PAHs in soil. The PAHs were reduced by only 26 percent in 

the control without vegetation. The microbial densities of 

petroleum hydrocarbon degraders have been shown to be 

consistently greater in the rhizosphere soil than in soil 

without vegetation (Nichols et al. 1997). In addition, the 

microbial densities of petroleum hydrocarbon degraders have 

historically been shown to be greater in rhizosphere soil 

exposed to petroleum hydrocarbon contaminants than in soil 

with no or very little prior exposure (Radwan et al.,1998). 

Enhancement of petroleum hydrocarbon degradation in the 

rhizosphere is possible using a variety of plants. In addition 

to plant selection, site-specific issues such as soil 

characteristics and proper management of fertilization and 

irrigation are important in maintaining an efficient 

phytoremediation process. 

5. Conclusion 

Rhizosphere bioremediation or rhizodegradation is the 

enhanced biodegradation of recalcitrant organic pollutants by 

root-associated bacteria and fungi under the influence of 

select plant species. In addition, some root-released 

compounds have the capability to induce genes for enzymes 

responsible for microbial metabolism of recalcitrant organic 

pollutants. From the successive use of select vegetation and 

sound plant management practices, the total proportion of 

pollutant degraders will increase in numbers and activity in 

the rhizosphere, leading to enhanced rhizodegradation of 

recalcitrant organic pollutants and faster site recovery. Thus, 

the application of fundamental ecological principles to rhizo-

sphere bioremediation designs is critical for success. 

Phytoremediation is evolving into a cost-effective means of 

managing wastes, especially excess petroleum hydrocarbons, 

polycyclic aromatic hydrocarbon, explosives, organic matter, 

and nutrients. Applications are being tested for cleaning up 

contaminated soil, water, and air. A number of important 

botanical processes have been discovered, including 

phytoextraction and hyperaccumulation from soil, plant-
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assisted microbial degradation of hydrocarbons in soil, use of 

specific enzymatic processes involved in created wetland 

treatment, and several other means of transforming and 

sequestering organic pollutants. The proven uptake and 

complete removal of low levels of explosives in aqueous 

plant systems suggest that plants show promise in the field 

for remediation of TNT.  
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