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Abstract

Phytoremediation is a biological method to improve soils contaminated with heavy metals. The objective of the
present research was to study the capability of Vetiver grass and Tall Fescue in refining and reducing pollution of Cd,
Cu and Zn from contaminated soils. The research was implemented in greenhouse during two separate tests (Vetiver
grass and Tall Fescue) in a completely randomized design including seven levels of pollution (0, 50, 100, 200, 400,
600, 800 mg kg* soil) from three heavy metal types (Cd, Cu and Zn) in three replications. The effects of different
levels of heavy metals on the growth characteristics (fresh and dry weights) of Vetiver were not significant. Besides,
the effect of cadmium levels on shoot dry weight, the effect of Zn levels on shoot fresh and dry weights and the effect
of Cu levels on shoot and root fresh and dry weights in Fescue were not significant compared to the control
treatment. The maximum Cd, Cu and Zn concentrations in Vetiver related to 800 mg kg treatment were found as
591, 298 and 356 mg kg*. The maximum content of Cd (96 mg kg™), Cu (27 mg kg'!) and Zn (37 mg kg) in Fescue
was also measured at soils polluted with 800 mg kg. Among different pollution treatments, Cd had the highest
uptake and accumulation rate in shoot and root of plants. The results showed the higher capability of Vetiver
compared to Fescue for remediation of environments contaminated with heavy metals especially Cd in Iran.
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1. Introduction Soil reclamation seems necessary
according to human induced soil pollution
As a part of biosphere, soil plays an (Mleczek et al., 2009). Several in-situ and ex-
important role in food production and situ physical, chemical, and biological methods
environmental sustainability (Ghazban, 2011). have been used for soil pollution remediation
Soil heavy metal pollution is among the most (Ghosh and Singh, 2005). Non-mobilization and
important environmental challenges through the extraction  methods by  physiochemical
world. Heavy metals are not biodegradable and techniques are expensive and only useful for
tend to be accumulated in living organisms. Due small size areas. Besides, soil leaching causes
to high mobility and plant availability, cadmium several negative effects on soil properties. That
(Cd) has negative effects on root growth, root is why, phytoremediation which removes
water hydraulic conductivity, uptake and pollutants from soil and environment and
translocation of nutrient elements, enzyme conserves biological and physical nature of the
activity, and chlorophyll content (Alloway, soil with reasonable cost, is of great concern
1990). Zinc (Zn) and copper (Cu) are among (Pulford and Watson, 2003; Banerjee et al.,
essential micronutrients for plants. However, 2016).
high Cu and Zn concentrations are reported to Phytoremediation is a technology that
have toxic effects on living organisms similar to transfers pollutants from soils and sediments to
Cd and Pb (Rout and Das, 2009). the plant tissues without soil structure
degradation and soil productivity decrease
* Corresponding author. Tel.: +98 34 31322656 (Lombi et al., 2001). Heavy metal uptake by
Fax: +98 34 33257443 plants is dependent to soil metal concentration

E-mail address: farpoor@uk.ac.ir and is also affected by plant physiology (Chen



124 Ghadiri et al. / Desert 23-1 (2018) 123-132

et al., 2004). There are three basic strategies for
plant growth in polluted soils. Some plant
species prohibit heavy metals to be transferred
to their shoot. Some other species accumulate
metals in the shoot and return them to the soil.
The third group accumulates metals in both root
and shoot (Neisi et al., 2014).

As a perennial rapidly growing intense plant
with massive root system, Vetiver is among the
plants that have been used for phytoremediation
(Maffei, 2002). Vetiver has a very high
tolerance for toxic elements, various soil pHs,
pesticides, herbicides and climatic fluctuations
(Percy and Truong, 2003). Tolerance of Vetiver
for Cd, Pb, Cu, Zn, As and Hg is reported by
several researchers (Truong et al., 2010; Vargas
et al., 2016). Vetiver is reported as the best
choice for phytoremediation due to uptake of Pb
(98 %), Cu (54 %), Zn (41 %), and Cd (88 %)
from soils in a greenhouse study (Chen et al.,
2004). Comparing eight different plants in
Thailand, Klomjek and Nitisoravut (2005)
concluded that Vetiver showed the optimum
capability. Besides, Vetiver has been used for
remediation of soils polluted by phenol (Singh
et al., 2008), and nuclear wastes and protozoa
(Singh et al., 2008). Andra et al. (2010)
investigated high ability of Vetiver to uptake
and accumulate Pb in root and shoot of plants
grown on a Pb polluted environment. High
tolerance of Vetiver for As concentrations up to
225 mg kg' were reported by Datta et al.
(2011). Doing a research on soils contained
volcanic ash (0-25, 50 and 100 %), Ghosh et al.
(2015) reported high capability of Vetiver to
absorb and transfer As and Cd from soil after 18
months.

Tall Fescue is a perennial foliage grass with
a thick and deep rooting system and a good
adaptability with an extensive range of soil

Table 1. Selected properties of studied soil

properties. Hutchinson et al. (2001) compared
Couch grass, Bermuda grass, and Fescue in
reducing aged petroleum sludge pollution as 68,
68 and 62 %, respectively. Reasonable growth
of Fescue on soils polluted by Polychlorinated
biphenyls was reported by Tu et al. (2011). Tall
Fescue and Kentaki water grass were compared
by Xu and Wang (2013). Results of the study
showed that 200-500 mg kg Cd stress in soil
with 2559 and 4275 mg Cd kg?! plant dry
weight were concentrated in shoot by Fescue
and Kentaki blue grass, respectively.

Limited data are available about soil
remediation especially using Vetiver and Fescue
in Iran. Besides, both of the plants seem to be
tolerant to a wide range of soil properties and
climatic conditions. The objectives of the
present research were to study the capability of
Vetiver and Fescue for remediation of soils
polluted by different concentrations of Cd, Zn
and Cu.

2. Materials and Methods

A non-polluted surface soil (0-30 cm) was
collected from Shahid Bahonar University of
Kerman research farm. Routine
Physicochemical soil properties including pH in
saturated paste (Thomas, 1996), Electrical
conductivity of saturated extract (Rhoades,
1996), organic carbon (Walkley and Black,
1934), soil texture (Gee and Bauder, 1986),
equivalent calcium carbonate (Allison et al.,
1965), field capacity (Hillel, 1982), and
available Cd, Zn and Cu using DTPA-TEA
(Page et al., 1982) with an ASS Vario 6 atomic
absorption spectroscopy were determined. The
studied soil was calcareous with a sandy loam
textural class and low organic carbon (Table 1).

Cd Cu Zn CaCOg Clay Silt Sand FC oC pH EC
mg kg'* mg kg'* mg kg % % % % % % dSm
0.08 0.21 0.41 20 15 21 64 19.72 0.87 7.70 2.64

The study performed as two separate
experiments including Vetiver grass and Tall
Fescue in a completely randomized design with
three replications. The treatments were 7
concentration levels (0, 50, 100, 200, 400, 600
and 800 mg kg soil) of Cu, Zn and Cd which
separately added to soils from CuSQOas, ZnSO4
and CdSO, sources, respectively. Vetiver
seedlings and Fescue seeds were prepared from
Tak Jem, Iran and Isfahan Pakan seed
companies, respectively.

About three kg of air dried and sieved (2mm)
soil samples were transferred into the pots.

Vetiver seedlings were transferred to the pots
and incubated in non-polluted soil for 60 days to
be adopted before pollutant treatments. Ten
Fescue seeds were planted in each pot for the
second experiment. After the incubation period,
Zn, Cu and Cd treatments were added gradually
to soils. Essential Nutrient Elements (NPK)
were also added according to soil testing results
to avoid nutritional stress during the experiment.
Based on the evapotranspiration, the pots were
irrigated every 3 days up to 70 % of soil field
capacity to avoid drainage water. The pots were
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then kept under greenhouse condition for 80
days.

The root and shoot for each pot were
harvested separately after 80 days and their
fresh weights were investigated. Root and shoot
dry weights were determined after washing and
drying (70 °C during 72 hours) using a digital
scale with 0.0001 gr precision.

Dry digestion and solution of ash in 2 N HCI
was used for Zn, Cu and Cd determination in
plant samples (Rothery, 1988). Besides, soil
available Cd, Cu and Zn were extracted from
polluted soils using DTPA-TEA (Page et al.,
1982) and heavy metal concentrations in the
supernatant were measured by an atomic
absorption spectrometer (ASS Vario 6). The
data were analyzed using SAS software and
mean comparison performed using Duncan test
(P<0.01).

3. Results and Discussion
3.1. Growth characteristics
3.1.1. Cadmium

The results showed that Vetiver root fresh
weight was the only growth parameter that was
significantly (P< 0.01) affected by Cd levels in
soil (Table 2). Soil addition of Cadmium higher
than 100 mg kg caused significant decrease of
Vetiver root fresh weight compared to the
control (Table 3). On the other hand, no
significant relationship was found between Cd
levels and shoot fresh and dry weights
compared to control treatment as was also
supported by Aibibu et al. (2010). Potters et al.
(2007) also reported that heavy metals
decreased plant growth due to their effect on
plant hormones such as Auxin.

Moreover, the results showed that the
maximum root fresh weight was found in
control and a significant decreasing trend for
root fresh weight with pollutant levels (p< 0.01)
observed with no significant differences among

the treatments (Table 3). The minimum shoot
fresh weight (18.40 gr pot?) was found in 800
mg kg! Cd treatment for Fescue (Table 4)
compared to control plant. Xu and Wang (2013)
reported that Blue kentaki and Tall Fescue are
capable of accumulating Cd in their shoot
without biomass decrease when 5-200 mg kg*
of Cd was applied in soil. Fescue shoot fresh
weight was only significantly affected by Cd
levels compared to other pollutants (Zn, Cu).

3.1.2. Zinc

The maximum root dry weight of 4.33gr
pot* was found in 50 mg kg Zn concentration.
Although the difference with control plant was
not significant, but it seems that Zn
concentrations up to 50 mg kg could enhance
Vetiver shoot growth. Vetiver root dry weights
were not significantly affected by Zn levels,
either (Table 3). Ghaemi and Majdeddin (2016)
concluded that Vetiver is a zinc tolerant plant
and increasing Zn concentration in plant doesn’t
cause any problem compared to other heavy
metals. Mean data comparison showed that the
maximum Fescue dry and fresh weights were
determined for 200 and zero mg kg Zn levels,
respectively (p< 0.01).

3.1.3. Copper

Effect of different Cu levels on root fresh
weight of Vetiver was significant (p< 0.01) and
it decreased with increasing Cu levels in soil.
No significant effect of Cu levels on fresh and
dry shoot weights was found for Vetiver grass
(Table 2). The same results were also reported
by Truong (1999) and Roongtanakiat and
Chairoj (2001). Meanwhile, root dry and fresh
weights of Fescue were not significantly
affected by different levels of Cu (Table 2). El-
Tayeb et al. (2006) also concluded that Cu
levels decrease both fresh and dry root weights
in Sun Flower.

Table 2. ANOVA results of treatments affecting some growth characteristics of Vetiver and Fescue

Mean of square

Sources of change  df

Shoot dry weight Shoot fresh weight Root dry weight Root fresh weight

Vetiver
Cadmium treatment 6 4.68" 20.35™ 1.01™ 42.06™
Zinc treatment 6 7.46™ 25.90™ 0.98™ 42.43™
Copper treatment 6 5.23™ 56.16" 1.53" 30.79™

Fescue
Cadmium treatment 6 0.66™ 27.84™ 7.677 18.02™
Zinc treatment 6 1.20™ 16.31" 4.08™ 8.08™
Copper treatment 6 1.64™ 4.44™ 5.00™ 36.31™

"s: non-significant, ™*: significant (0.01 probability level)
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3.2. Heavy metal contents
3.2.1. Cadmium

Results of the study showed that Cd
concentration levels significantly affected root
and shoot Cd concentrations in both Vetiver and
Fescue plants (Table 5). The maximum Vetiver
root (215 mg kg?*) and shoot (375 mg kg') Cd
concentration levels were observed in 800 mg
kg! Cd concentration which proves the
capability of Vetiver to transfer Cd from root to
the shoot (Fig. 1a). The same results were also
reported by Wei et al. (2008, 2009) for
Taraxacum mongolicum and Conyza Candensis
plants, respectively. The higher concentration of
Cd in shoot compared to root was attributed to
the characteristic of accumulator plants. The
maximum threshold level for Taraxacum
mongolicum (Cd accumulator) and Solamum
nigrum (Cd hyper accumulator) was reported as
25 mg kg* (Wei et al., 2008). Bidenstripartite as
a Cd accumulator plant was only tolerant to 10
mg kg* Cd (Wei et al., 2009). Vetiver which is
not considered as a hyper accumulator plant was
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capable of accumulating high levels of Cd in
this study.

On the other hand, no significant difference
among 50, 100 and 200 Cd treatments was
found in Fescue. The maximum Cd
concentrations in 800 mg kg treatment were
63.5 and 32.9 mg kg*' for Fescue root and
shoot, respectively (Fig. 1b). Cadmium
accumulation in root and little transfer to the
shoot were also reported for most plant species
by Kadukova and Kalogerakis (2007). The
difference between root and shoot Cd
concentrations was also determined in Fescue
shows the rapid uptake of the element by root
and the limited internal translocation of the
element from root toward the shoot (Monterio et
al., 2009). This could be due to non-mobility
and the trap of metal ions by cell wall ligands
and out cellulose carbohydrate together with
rapid absorption and translocation of heavy

metal in Fescue root compared to shoot
(Monterio et al., 2009). Root could be
accounted for Cd  accumulation and

precipitation in this case (Mohammadian et al.,
2016).

Table 3. Effect of different levels of Cd, Cu and Zn on dry and fresh weights of Vetiver root and shoot

Elements  Concentration levels ~ Shoot fresh weight Shoot dry weight ~ Root fresh weight ~ Root dry weight
(mg kg™ (gr pot™) (gr pot™) (gr pot?) (gr pot?)

0 a 16.95 ab 5.81 a 13.73 a 2.94

50 a 9.63 ab 5.38 ab 10.96 a 3.57

Cadmium 100 a 14.30 ab 6.22 abc 10.35 a 2.87

200 a 11.55 a 3.73 bed 7.61 a 1.86

400 a 12.07 a 4.3 bcd 8.21 a 3.02

600 a 16.09 a 7.48 cd 5.45 a 3.52

800 a 14.28 ab 4.97 d 3.84 a 2.62

0 a 16.95 ab 5.81 a 13.73 a 2.94

50 a 17.81 ab 5.64 b 10.13 a 2.79

Copper 100 a 16.47 a 7.02 bc 7.79 a 4.20

200 a 15.83 b 4.11 c 7.15 a 2.10

400 a 14.92 a 7.19 c 6.58 a 3.55

600 a 15.51 ab 5.22 cd 5.79 a 2.44

800 a 11.67 b 3.72 d 3.92 a 2.59

0 a 16.95 a 5.81 ab 13.73 a 2.94

50 a 25.80 a 10.31 a 17.68 a 4.33

Zinc 100 a 18.26 a 7.27 bc 12.95 a 2.71

200 a 19.61 a 7.02 c 10.82 a 2.97

400 a 18.57 a 6.85 c 9.27 a 3.26

600 a 18.10 a 5.73 bc 8.38 a 3.68

800 a 18.32 a 8.25 bc 8.01 a 3.77

Different letters show significant difference among means of each characteristic, probability level 0.01, Duncan test.

3.2.2. Zinc

Effect of Zn on root and shoot metal
concentration of both Vetiver and Fescue was
significant (Table 5). The maximum Zn
accumulations of 166 and 188 mg kg* for
Vetiver and 19.6 and 17.2 mg kg™ for Fescue in
soils treated with 800 mg kg™ Zn were found in
root and shoot, respectively (Fig. 2). Root Zn
concentrations for both plants were higher for

almost all concentration levels compared to the
shoot.

3.2.3. Copper

ANOVA showed that Cu accumulation as
affected by Cu concentration in Vetiver root was
significant (Table 5). The highest 47 and 250
mg kg™ Cu in Vetiver root and shoot were found
in 800 mg kg Cu treatment (Fig. 3a). On the
other hand, the maximum Cu concentrations for
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Fescue were 20.4 and 7 mg kg? in root and
shoot, respectively (Fig. 3b). Metal absorption
in low concentration levels of treatments was
not significant for all three metals under study
due to selective cell membrane permeability of
root, but the absorption difference in treatments
of more than 400 mg kg™ was considerable. Cell
membrane conservation is a mechanism
conducted by plants to resist heavy metals. Cell
membrane is the first structured part of plant

that could be affected by toxic levels of heavy
metals. It seems that the selective permeability
of the membrane for the element would be
decreased due to excess concentration of the
metal around root, which in turn increased metal
absorption (Hall, 2002). Results of the study
showed that the highest concentrations for all
three metals were investigated in Vetiver shoot.
Besides, Cd absorption by both Vetiver and
Fescue was higher than Zn and Cu.

Table 4. Effect of different levels of Cd, Cu and Zn on dry and fresh weights of Fescue root and shoot

Elements Concentration Shoot fresh weight Shoot dry weight Root fresh weight Root dry weight
levels(mg kg?) (gr pot™) (gr pot™) (gr pot™?) (gr pot™)
0 a 28.20 a 6.36 a 12.77 a 5.88
50 ab 26.41 ab 6.15 b 9.78 b 1.88
Cadmium 100 ab 24.74 ab 5.72 bc 7.97 b 1.60
200 ab 24.97 ab 5.42 c 6.60 b 1.38
400 ab 25.47 ab 5.74 c 6.17 b 1.39
600 b 24.00 ab 5.73 c 6.82 b 1.93
800 c 18.42 b 4.92 o 6.15 b 2.15
0 a 28.20 ab 6.36 ab 12.77 a 591
50 a 27.50 b 5.37 a 18.67 a 5.00
Copper 100 a 27.64 ab 6.95 ab 17.93 a 4.77
200 a 29.80 a 7.84 ab 12.05 a 3.68
400 a 26.38 ab 6.36 ab 10.92 a 3.05
600 a 29.75 ab 6.59 ab 11.19 a 2.75
800 a 28.35 ab 6.55 b 10.07 a 2.43
0 a 28.20 a 6.36 ab 12.77 a 5.88
50 a 27.50 a 6.20 bc 11.63 bc 3.87
Zinc 100 a 29.20 a 6.30 abc 12.29 bc 4,03
200 a 29.00 a 7.20 a 13.75 a 6.30
400 a 31.00 a 7.90 dc 11.01 ab 5.27
600 a 31.70 a 6.90 de 9.90 bc 4,08
800 a 34.00 a 7.25 e 9.04 c 3.16

Different letters show significant difference among means of each characteristic, probability level 0.01, Duncan test.

Table 5. ANOVA results of treatments effect on heavy metal uptake and accumulation in Vetiver and Fescue

Sources of change df  Amount of element in shoot Amount of element in root
Vetiver
Cadmium treatment 6 144640.37™ 65304.99™
Zinc treatment 6 19032.65™ 439.85™
Copper treatment 6 11965.68™ 7452.43™
Fescue
Cadmium treatment 6 566.17"" 1885.43™
Zinc treatment 6 19.15™ 186.80™
Copper treatment 6 151.25™ 185.24™

™ significant (0.01 probability level)

3.3. Translocation and bioaccumulation factors

Equation 1 (Raskin and Ensley, 2000) was
used to calculate the translocation factor from
root to the shoot. The maximum translocation
factors (TF) were found for Cu (5.33), Cd
(1.74), and Zn (1.12) in Vetiver grass (Fig. 4).
As figure 4 shows, the TF contents for Vetiver
were more than 1 compared to the amounts
observed for Fescue (TF <1). According to TF
values, Vetiver is highly capable to translocate
heavy metals from root to shoot. Considering
the TF values calculated for Fescue, it seems
that Fescue roots play a role in
phytoremediation of heavy metals under study.

Translocation factor from root to shoot =
metal concentration in shoot/metal
concentration in root  Equation (1).

Bioaccumulation (BF) factor as affected by
soil properties, plant species, and pollutant
element is a common investigation tool for
phytoremediation and environmental pollution
studies (Sipter et al., 2008). BF was calculated
using the equation 2 (USEPA, 2004). Figure 5
shows the BF factors for Vetiver and Fescue at
800 ppm level. The maximum BF for Cd (2.2)
and Cu (1.27) were calculated for Vetiver. The
low BF contents for Fescue show the lower
ability of this plant compared to Vetiver to
uptake and accumulate metals from the soil. The
BF factors prove that Vetiver could be
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accounted as an accumulator plant for
phytoremediation practices.

At the same time, Roongtanakiat and Sanoh
(2011) reported that Vetiver is not a hyper
accumulator plant, but due to high biomass
content, it shows a high capability for
phytoremediation. In another study, Chen et al.
(2000) concluded that Vetiver with high

absorption compared to Thlaspi caerulescens as
a hyper accumulator plant. Moreover, deep
roots of Vetiver caused remediation of different
soil layers. These strong points of Vetiver
compared to slow growth, and low biomass
content of other hyper accumulator plants
proved Vetiver as an optimum choice for
phytoremediation (Chen et al., 2000).

biomass content had more efficiency in Cd
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Fig. 1. Effect of different concentration levels on Cd concentration in Vetiver and Fescue root and shoot (different letters show
significant difference among means of each characteristic, probability level 0.01, Duncan test)
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Fig. 2. Effect of different concentration levels on Zn concentration in Vetiver and Fescue root and shoot (different letters show
significant difference among means of each characteristic, probability level 0.01, Duncan test)
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Equation 2 shows Bioaccumulation factor
from soil to the plant as fo llows:

129

Bioaccumulation factor from soil to the plant=
metal  concentration in  plant/  metal
concentration in soil (Equation 2).
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Fig. 3. Effect of different concentration levels on Cu concentration in Vetiver and Fescue root and shoot (different letters show
significant difference among means of each characteristic, probability level 0.01, Duncan test)
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Fig. 5. Bioaccumulation factor (BF) from soil to the plant for Vetiver and Fescue

3.4. Availability of Cd, Zn and Cu in soil

ANOVA showed that DTPA extractable Cd,
Cu and Zn contents were significantly affected
by different levels of pollutants (p< 0.01) (Table
6). Mean data comparison indicated that
available content of all three metals in soil were

increased with increasing of heavy metal levels.
The maximum values related to 800 mg kg soil
treatment for Cd, Cu and Zn were 268, 232, 470
and 503, 766, 516 mg kg* for soils under
Vetiver and Fescue, respectively (Fig. 6).

Fixed, exchangeable and soluble are among
different forms of elements in the soil. Soil pH,
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antagonistic effects of elements in soil
environment, clay content, and moisture content
highly affect the uptake of elements by plants
(Brooks, 1998). Results of heavy metal
investigation extracted by DTPA showed that
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available Cu, Cd and Zn concentrations in soils
under Fescue were more than soils cultivated by
Vetiver. This clearly shows the higher capability
of Vetiver to remove Zn, Cu and Cd metals from
polluted soils, compared to Fescue.

Table 6. ANOVA results of available amounts of Cd, Cu and Zn in different soil treatments

Sources of change df CcVv Mean square
Vetiver
Cd 6 11.03 471625.61™
Zn 6 21.49 108947.83™
Cu 6 15.20 26090.53™
Fescue
Cd 6 10.73 1023120.23™
Zn 6 19.10 113767.60™
Cu 6 13.13 253722.27"
™ significant (0.01 probability level)
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Fig. 6. Effect of different concentration levels on available concentration of Cd, Zn and Cu in Vetiver and Fescue cultivated soil
(different letters show significant difference among means of each characteristic, probability level 0.01, Duncan test)
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Fig. 6. Continued. Effect of different concentration levels on available concentration of Cd, Zn and Cu in Vetiver and Fescue
cultivated soil (different letters show significant difference among means of each characteristic, probability level 0.01, Duncan test)

4, Conclusion

Results of the study showed that Vetiver was
tolerated to Cu, Zn and Cd treatments and no
significant effect was found among pollutant
levels and shoot fresh and dry weights and root
dry weights. ANOVA showed that Cd had the
most accumulation in root and shoot parts.
Uptake and accumulation of heavy metals were
significantly increased with increasing pollutant
levels without any toxic symptoms in Vetiver. It
also revealed that the maximum capability of
Vetiver to translocate Cu from root to shoot,
also the maximum ability for Cd uptake from
soil. That is why Vetiver could be accounted as
an accumulator plant. Vetiver shoots and Fescue
roots accumulated the maximum heavy metal
contents. Considering three basic strategies for
plants to grow in polluted soils, Vetiver
concentrated pollutants especially Cd in root
and shoot parts.
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