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Abstract

Nowadays the increase of population and rapid development of technology have caused concerns and environmental problems
such as pollution of water, air and soil. Therefore searching to reduce the environmental impact of development by researchers
and authorities seems to be essential. Among existing technologies, phytoremediation is an efficient, environmentally friendly and
inexpensive method to absorb and collect pollutants in harvested tissue. In this method, pollutants are omitted from aquatic and
soil ecosystems through using mechanisms such as rhizofiltration, rhizodegradation. In this regard, several plants have been inves-
tigated by researchers. One of the most important species used in the phytoremediation is Festuca arundinacea. A large number of
studies investigated the usage of Festuca arundinacea in the treatment of heavy metals and organic compounds. Festuca arundinacea
showed the ability to isolate heavy metals, such as lead, in contaminated environments by its airborne organs and roots. The present
study offered to introduce the most important mechanisms of the plant and the potential of Festuca arundinacea for absorption and

decomposition of environmental pollutants and, in particular, the purification of contaminated soils.
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1. Context

Today, the advent of technology and industry has been
threatening many humans and even environmental con-
cerns. The present and future generations will face many
problems unless an alternative is introduced. Environ-
mental pollution, including water, soil and air, is one of
the problems facing our today’s society with industrial-
ization (1). The accumulation of heavy metals in ecosys-
tems (through absorbing into the food chain) and increas-
ing their concentrations may bring the world into criti-
cal stages of environmental problems (2). As an example,
problems to renal blood system, metabolic abnormalities
and neuropsychiatric defects in children may be the re-
sult of the introduction of toxic and unnecessary lead, as
a heavy metal, into human body. Inclusion of high levels
of heavy metals into the bodies of pregnant women can
lead to abnormalities such as the birth of premature in-
fants and severe mental retardation in new-borns (3, 4).

Heavy metals and organic compounds penetrate to the
ecosystem through industrial wastewater. The accumu-
lation of heavy metals in agricultural soils through irri-
gation with contaminated wastewater causes soil pollu-
tion. Among toxic heavy metals, cadmium and lead cause
concern due to their durability and stability in the envi-

ronment (5). The presence of heavy metals in the envi-
ronment affects on the processes of physiology and plant
growth. In an experiment on soil contaminated with
potassium dichromate, some corn plants were cultured
and, after 38 days, the plants were harvested for biochemi-
cal analysis. The results showed the increasing amount of
chromium concentration, the fresh and dry weight of the
root and the stem were reduced. In addition, the content
of chlorophyll (a and b), total chlorophyll and carotenoids
significantly decreased. The presence of heavy metals has
been known as one of the most important environmental
stresses, which can lead to a decrease in the growth and
production of various reactive oxygen species.

Available technologies to remove of the metals from
contaminated soils, such as transferring to the laboratory,
washing soil with chemicals, and finally replacing the soil
in the original location, are known to be very expensive
and cause soil degradation. Technologies such as adding
lime, phosphate and calcium carbonate are also proposed
for heavy metal leaching. These methods include advan-
tages, such as rapid reduction in the risk of contaminants,
however, they are temporarily used since heavy metals are
not removed from the soil environment. The high costs of
existing technologies have led to search for new removal
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strategies, with low cost and low environmental impacts.

2. Evidence Acquisition

2.1. Phytoremediation

Among the existing technologies, phytoremediation is
considered as a major solution due to its unique advan-
tages over other methods. These benefits include ease of
usage, efficiency, affordability,and wide usage. Box 1shows
the main advantages and disadvantages of the phytoreme-
diation. Another benefit of this environment-friendly and
environmentally-friendly approach is that it requires no
special equipment and specialist and its user convenience.

Box 1. Phytoremediation Advantages and Disadvantages (1)

Advantages and Disadvantages

Advantages
Applicable to all types of organic and inorganic materials
Keep the metals in place and out of place
No damage to the soil structure than existing methods

Keeping them in place reduces erosion of wind and water and water
and wind flow transfers

No need for extensive equipment with people with high expertise
Very low cost than existing ones
Environmentally friendly
Disadvantages
Limitation to root area
It's time consuming for a few years
Limit to areas with a low pollutant

Changing climatic conditions reduces plant growth and reduces the
prevention and erosion of wind and water

The use of non-native plants can disrupt the ecosystem

The limitations of this method include:

1. Purification of the soil is limited to the root zone

2. The process is time-consuming

3. Using non-native plants in this method may disrupt
the ecosystem of the area (1).

An important strategy for success in the technology of
phytoremediation is a selection of plant species in order to
achieve optimal compatibility with the environment and
specific pollutants. For example, due to rapid growth and
high biomass, Helianthus annus is a plant that is always con-
sidered as an appropriate herb for this method and extrac-
tion of toxic metals from contaminated soils. Naderi et
al. conducted experiments to evaluate the efficiency of six
cultivars of Helianthus annus including Alstar, Hessian 33,
Syrna, Sanra, record and iroflorur in the extraction of lead
herbs from contaminated soils (2). The results showed that

there was a significant difference between the transloca-
tion factor and the total lead extracted among the shoot
of different spices of Helianthus annus at a probability level
of 0.01, that is, with a probability of 99% more lead trans-
ferred from the root to the organ (2).

In another study, Shariatetal. conducted a comprehen-
sive research on the fast-growing and evergreen species
of Eucalyptus (E. occidentalis) in the presence of cadmium
(3). The results showed the increasing amount of cadmium
and praline in addition to decreasing amount of the plant
pigments. They also reported that Eucalyptus has an abil-
ity to accumulate cadmium without serious disruption in
the growth (3). According to studies, those plants that
have been used in Phytoremediation technology are as fol-
lowing: Atriplex lentiformis, annual seedlings of Acer ve-
lutinum, Brassica napus, Lathyrus sativus, Carthamus tincto-
rius, Robinia pseudoacacia, German Matricaria chamomilla,
Rhus coriaria, Allium sativum, Silybum marianum herb, Avi-
cennia marina, Lavendula officinalis and Lavendula officinalis.

Brassica nigra, Sorghum bicolor Moench and Avena sativa
have been identified as suitable plants for this technique
due to their high biomass (4). In agricultural areas infected
with heavy metals, the choice of tolerant crops to remove
pollutants from the soil can be a new strategy for land man-
agement (5). On a structural and functional perspective,
aquariums play a very important role in aquatic ecosys-
tems through water regimes, creating shelter for fish and
aquatic invertebrates, creating a food source and improv-
ing water quality via balancing oxygen, food cycles, and
biosynthesis of heavy metals. The ability of aquariums to
absorb heavy metals, especially for treatment of industrial
wastewater, has been widely noted. However, due to the
compatibility of this technology as well as low cost, it has
attracted many scholars (6). The inherent ability in adap-
tation to the environment and climate conditions plays an
influential role in phytoremediation. One of the most im-
portant species used in the phytoremediation is Festuca
arundinacea. A large number of studies investigated the
use of Festuca arundinacea in the treatment of heavy metals
and organic compounds. Festuca arundinacea showed the
ability of heavy metals isolation, such as lead, in contam-
inated environments with its airborne organs and roots.
Festuca arundinacea were indicated in the absorption and
decomposition of environmental pollutants and purifica-
tion of contaminated soils, particularly.

2.2. Festuca arundinacea
2.2.1. Growth and Adaptation

Festuca arundinacea is a permanent herb, often dense
hemp, up to180 cm high, with masocharum stem, straight,
tight, simple, not cracked, linear leafy, and tipped (Figure
1). It mainly grows on the margins of gardens, agricultural
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lands, valleys, canals, and sometimes grassland, mostly in
the north and west of Iran, in the vegetative regions of Iran,
Turanian and Caspian. It is well positioned in acidic soils
with pH equal to 4.8 up to alkaline soils with a pH of 9.5;
however it shows the best growth in neutral soils.

Figure 1. The photographical image of Festuca arundinacea

Festuca arundinacea shows a long period of growth, at
the beginning of the vegetative growth from late March to
early April, early flowering until mid-June, seeding in July,
and then the summer recession, at which the plant is al-
most green. In the presence of moisture during this pe-
riod, it also grows and in the autumn, depending on the
temperature of the environment, its growth is relatively
long, sometimes for 2 to 3 months (7). Festuca arundinacea
grows in all soils except for sandy, dry and coarse tissues;
however, it has shown the best growth in deep wet soils
with a heavy to moderate texture and rich organic matter.
It tolerates soils with poor drainage especially in the win-
ter. Due to the fact that this plant is mostly seen on the mar-
gins of the fields in Iran, the arena is mainly sloping and
sometimes in slopes of mountainous. Itis seen to be widely
grown in elevation range of 50 to 2400 meters and has the
highest dispersion in elevation heights of 50 to 1950 me-
ters (7).

2.2.2. Adaptation and Remediation of Festuca arundinacea
Balasubramaniyam et al. examined the growth of Fes-
tuca arundinacea in naphthalene contaminated sand (8).
The concentration of naphthalene required per kg of sand
was measured. The seeds of Festuca arundinacea were
placed in the center of the pot filled with sand. Cultivation
was carried out in clean sand and then contaminated with
naphthalene. At first, the growth of F. arundinacea was in-
hibited in naphthalene-infested sand, but after 2.5 months,
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the rate of growth in naphthalene contaminated sand was
higher than the control plant, and there was a significant
difference between root dry weights.

Albornoz et al. examined the amount of lead and
zinc collected from contaminated soils in present of two
species of Festuca arundinacea and Cynodon dactylon (9).
They collected samples of soils from different industrial ar-
eas and placed seed of plants. In the industrial soil, lead
value was higher compared to the control soil and zinc con-
centration in the industrial soil and control soil showed
similar situation in which zinc values were significantly
higher than the control. The levels of lead and zinc in
the root of Cynodon dactylon in the contaminated soil were
higher than the control soil. There were higher levels of
lead and zinc in the grass root in contaminated soils, com-
pared to the lead and zinc concentrations in control sam-
ples that were 551% and 258%, respectively. As mentioned
in this section and with review on literatures, Festuca arun-
dinacea has been widely used for metal separation and hy-
drocarbonous degradation from polluted soils and sites.
These researches were conducted in field and greenhouse
scales. Most studies have been taken by greenhouses scale
due to more controlling conditions and stresses. For ex-
ample, Chen et al. used a greenhouse growth chamber
for degradation of pyrene in the rhizosphere of tall fescue
(Festuca arundinacea) and switchgrass (Panicum virgatum
L.) (Figure 2). They reported that during the 190 days of in-
cubation, 37.7and 30.4% of pyrene (**C-pyrene) was miner-
alized in the soil planted with tall fescue and switchgrass,
respectively (10).

2.2.3. Heavy Metal Remediation

As seen in Table 1, the wide ranges of heavy metal have
been accumulated in Festuca organs. Among various stud-
ies most of them showed that the Festuca can separate Zn,
Cd and Pb, successfully. Due to its tolerant and strong
roots, Festuca arundinacea can absorb more lead compared
to other herbaceous plants. Because of its adhesion prop-
erties, lead is more concentrated in the root, i.e. the bio-
concentration factor for lead accumulation in the root of
the plant is higher than the translocation factor (9). The
ability of Festuca arundinacea to compete with other types
of plants for phytoremediation is more closely related to
the roots of this plant. The analytical results of the root cul-
ture of Festuca arundinacea and their role in the treatment
plant showed that fatty acids are more effective in phytore-
mediation process of root and these fatty acids stimulate
more bacteria. In addition, the amount of fatty acid was
increased in the pots to remove oil. The findings provided
mechanisms that enabled the increases in oil degradation
by Festuca arundinacea.

Lou et al. reported a study in which the germination
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Figure 2. Greenhouse growth chamber (10) charcoal (A, F, ], K, S, W); flow meter (B,

C, L, N); water condenser (D, Q); XAD-2 (E, R); NaOH (G, H, T, U); empty vial (I, V); irrigation

port (M); leachate collection (N); tensiometer (O); growth light (X); and vacuum pump (Y).

Table 1. Remove Various Pollutants in Different Parts

Genus Target Reference
Festuca arundinacea Pb-Cd (1)
Festuca arundinacea Pb (12)
Festuca arundinacea Zn (13)
Festuca arundinacea cd (14)
Festuca arundinacea Schreb. Pb (15)
Festuca arundinacea Schreb. Zn,Cd (16)
Festuca arundinacea Pb (17)
Festuca arundinacea Seed Cd, Cu, Hg (18)
Festuca arundinacea and Festuca Mn, Ni, Zn, Fe, Cu, (19)
rubra Pb

Festuca arundinacea Cu, Pb,and Zn (20)
Festuca arundinacea Zn (21)
Festuca arundinacea Zn (22)

and physiological response of Festuca arundinacea and its
growth under lead and cadmium stresses were examined
(11). At low Cadmuim concentrations, germination rate of
plants was high and the activity of catalase and peroxidase
were also high, but the transport and protein contents de-
creased under the stress of lead. Festuca arundinacea ab-
sorbs lead in the form of Pb** in the root. Lead is absorbed
on the exchange surfaces and precipitated by soil anions.
The amount of this absorption depends on the type of clay
minerals, clay content and soil organic matter. The Pb** in
the soil solution is transmitted to the plant’s root by diffu-

sion processes and mass flow. Also, it is slightly absorbed
by the plant through contact absorption and quickly de-
posited in the form of lead phosphate at the root surface,
tissues, wooden beds and drainage. Phytostabilization of
lead in wooden beds and root tissues results in a delay of
lead transformation to the shoots and leaves (12).

In Soleimani et al. study, two species of Festuca arun-
dinacea and Cynodon dactylon were used for phytoremedi-
ation of nickel and lead contaminated soils. The results
showed that the amount of nickel and lead in the root
of Festuca arundinacea was significantly higher than other
plants (14).

2.2.4. PAHs Degradation

Festuca arundinacea is a species that is more likely to be
used for phytoremediation, however more research is re-
quired to determine the range of species and their usage
and application related to the various pollutants (23). By
comparison between two plants Medicago sativa and Fes-
tuca arundinacea, Sun et al. saw that the Festuca arundi-
nacea had a higher ability to absorb PAHs in the soil than
Medicago sativa, so the researchers concluded that the Fes-
tuca arundinacea may be a promising biologic strategy for
phytoremediation (24).

In another study two species of Festuca arundinacea
and Dactylis glomerata were used for phytoremediation of
terbuthylazine-infused soils. It was found that tall Festuca
(Festuca arundinacea) was stronger to eliminate terbothy-
lazine. Festuca arundinacea has been found to be more sen-
sitive to glutathione and ascorbate due to its effect on glu-
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cose and glucose content of glaciolone. This phenomenon
is the result of a negative TBA effect on Dactylis glomerata
(25).

Soleimani et al. (14), applied two species of Festuca
arundinacea and Festuca pratensis for oily soil phytoreme-
diation, and they observed that the roots of these two
species and their stems could store a higher level of water-
soluble phenol (12). As shown in Table 2, there are many
studies of Festuca arundinacea application for degradation
of aromatic hydrocarbons. Thus, it is clear that the roots
of plant play an important role in biodegradation. The
degradation time is different between one week to several
month depend on environmental condition and the type
of hydrocarbons for example three-rings or four rings (26,
27). It is confirmed that the environmental stress can ef-
fect on phytoremediation behavior of plant, for example,
the effect of polycyclic hydrocarbons on zinc phytoreme-
diation was investigated by using two species of Brassica
juncea and Festuca arundinacea and it was observed that
zinc was more concentrated in the root of Festuca arun-
dinacea, whereas there was a high concentration of zinc
in the stem of Brassica juncea. This result showed that
the phytoremediation mechanisms are not same for each
plant and the type of pollutants. Furthermore, some other
agents such as bioavailability and soil properties may be ef-
fective (28). Two main applied mechanisms by Festuca arun-
dinacea for heavy metal accumulation and hydrocarbons
degradation are; (i) rhizofiltration, and (ii), rhizodegrada-
tion, respectively.

Table 2. The Potential of Festuca arundinacea for Aromatic Hydrocarbons

Accumulation Zone and Types of Target Reference
Festuca

Stem and root of Festuca Phenol (12)
arundinacea and Festuca

pratensis

Stem and root of Festuca Terbothilazine or TBA (25)
arundinacea

Shoot and root of Festuca Anthracene and pyrene (29)
arundinacea

Rhizosphere of Festuca PAH (30)
arundinacea

Root and leaf of Festuca PAH (24)
arundinacea

Root of Festuca arundinacea PAH (31)
Festuca arundinacea, Festuca PAHs (26)
rubra (red fescue)

Festuca arundinacea PAHs (27)
Festuca arundinacea Naphthalene (32)
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2.2.5. Rhizofiltration and Rhizodegradation

These mechanisms are used by the plant roots to sepa-
rate heavy metals from a medium like water. Rhizofiltra-
tion is considered as an effective and emerging environ-
mental cleanup technology. This mechanism effectively
can be used to remove the toxic heavy metals such as Cu**,
Cd**, CP, Ni**, Pb**, and Zn** from aqueous solutions (33).
In this mechanism the adsorption/precipitation of metals
onto plant roots or surrounding of the root zone is oc-
curred. When the plant roots become saturated with pol-
lutant, they are harvested. Rhizodegradation is also can
be nominated as phytostimulation and refers to the break-
down of contaminants into the plant roots, or rhizosphere
(area of soil surrounding the roots of the plants). This phe-
nomenon is known to be carried out by bacteria or other
microorganisms whose numbers typically flourish in the
rhizosphere. Pseudomonas spp. (butanovora, aeruginosa,
fluorescens etc.) is the most common genus that found in
roots plants and rhizodegradation mechanism (33).

3. Future Research

Although it has been around 10 years since the ini-
tial application of phytoremediation in the world, this sci-
ence has developed rapidly and today the plant is used
for organic, inorganic and radioactive materials. This is
a rather cheap process that developing countries find it
very convenient and economical. The optimization of the
process of absorbing heavy metals by the plant and pro-
duced biomass has been investigated yet, so that the exper-
imental results are consistent with reality and practice. To-
day, most of the laboratory-scale phytoremediation is car-
ried out in hydroponic conditions and heavy metals are
given, while the soil environment is completely different.
In real soil, many metals are insoluble and their accessibil-
ity is low, which considered as a major problem. Since the
many plants have not been identified yet, it is necessary to
investigate them and their physiology. In this regard, to-
day’s world can be inspired by the nature and its indestruc-
tible system to improve the damage induced by humans,
which is certainly easier than preventing the pollution of
resources, especially soil.

4. Conclusions

Phytoremediation is a promising technology to clean
up heavy metals from water and soils. Although the purifi-
cation plant is still not fully understood, a larger number
of researches are required to discover new plant species
and their ability to heavy metals accumulation, in purpose
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torebuild the mechanism and penetration of microorgan-
isms along with the improvement of the process of phy-
toremediation. North and west of Iran has been known as
natural habitat of Festuca arundinacea which has shown to
be influential to purify soils contaminated with heavy met-
als, since these plants absorbs the highest amount of lead
in contaminated soils. In this regard, bioconcentration fac-
tors in the root of Festuca arundinacea have got to be higher
than the translocation factor, which leads to higher con-
centration of lead in the root. The small amount of lead
also transfers to upper organs of Festuca arundinacea, be-
cause lead is adhesive but in most cases it remains in root.
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