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Abstract

Background Heavy metals and petroleum hydrocarbon pollution are important environmental problems. This research was
conducted to evaluate the effect of nano Fe-oxide and endophytic fungus (P, indica) on petroleum hydrocarbons degradation
in an arsenic and petroleum hydrocarbons contaminated soil using barley plant.

Methods Treatments consisted of the presence (E*) and the absence (E”) of P.indica fungi, soil contaminated with As in the rates
of 0 (ASy), 12 (AS;,) and 24 (As,4) mg As /kg of soil, and application of 0 (Fey) and 1% (Fe;) (W/W) nano Fe-oxide. The plant
used in this study was the barley plant. After 7 weeks, the root and shoot As concentration was measured using atomic absorption
spectroscopy. The concentration of total soil petroleum hydrocarbon (TPHS) was measured using GC-mass.

Results Application of nano Fe-oxide in soil treated with 12 and 24 mg As/kg soil decreased root As concentration by 30 and
20.6%, respectively. The presence of P.indica caused a significant reduction in the shoot As concentration. With increasing shoot
Fe concentration the shoot As concentration was decreased. The highest TPHS degradation was observed in non As-polluted soil
that containing 1% (W/W) nano Fe-oxide in the presence of P.indica, while the lowest that was in As polluted soil (24 mg As/kg
soil) without applying nano Fe-oxide and in the absence of P.indica.

Conclusion Increasing soil sorption properties due to nano Fe-oxide application had significant effect on TPHS degradation in the
presence of P.indica. However the role of soil condition on the amount of TPHS degradation cannot be ignored.
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Abbreviations Background

TF Translocation Factor

TPHS Total concentration of soil Petroleum Hydrocarbons Soil contamination and pollutant removal methods which
As (Arsenic) have been paid attention in recent years are important difficul-
(Pb) Lead ties in environmental studies due to their effect on soil quality
(Cu)  copper and human health. Human is beings at risk due to the con-
(Zn)  zinc sumption of heavy metals contaminated food and water. The
(Cd) cadmium use of contaminated food and water by humans, animals, and
(As)  arsenic plants can lead to the accumulation of heavy metals in their

body tissues, which makes serious problems.

High concentration of lead (Pb), copper (Cu), zinc (Zn),
cadmium (Cd) and arsenic (As) in soil can increase the con-
>< Amir Hossein Baghaie centrations of these heavy metals in human food chain and

a-baghaie @iau-arak.ac.ir thereby can harm the human health [1]. Organic compounds
are also considered as the main pollutants of water and soil.
' Department of Soil Science, Arak Branch, Islamic Azad University, Some of these materials have a medium to high solubility in

Arak, Iran water, and this property allows them to transfer from particles
2 Department of Microbiology, Arak Branch, Islamic Azad University, of the sub-soils and reach to groundwater, enter the human
Arak, Iran food chain and threaten their health [2].
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Soil as a part of the environment is a unique habitat for
different organisms. However, contaminated soils are not suit-
able to use as agricultural land, residential and recreational
places. Therefore, removal of soil pollutant is necessary. At
present, various methods have been used to reduce water and
soil pollution, most of which are time-consuming and costly
[3]. Up to now, many studies have been done to identify the
mechanism of phyto-remediation and its effect on the removal
or reduction of soil pollutants. In recent years, phyto-
remediation has been introduced as a new strategy for soil
remediation [4]. Awareness of the processes affecting the bio-
availability of pollutants can help to increase phyto-
remediation efficiency.

Application of organic amendments to soil can reduce the
plant available forms of heavy metals through immobilization
processes [5]. Baghaie et al., studied the effect of organic
amendments application such as cow manure on heavy metals
availability and stated that the use of such compounds can
increase the soil sorption properties, such as cation exchange
capacity (CEC), which plays an important role in reducing the
availability of heavy metals [6]. Although the role of other soil
physic-chemical properties such as pH in the changes of heavy
metals availability could not be ignored [7]. Due to the fact that
organic amendments mostly have pH-dependency, increasing
soil pH due to the use of these compounds can reduce the soil
heavy metals availability, while in many cases the use of some
amendments, such as sewage sludge, reduces the local soil pH
and leads to chelate heavy metals such as As, Cd, and Pb, and
increase their bioavailability [8, 9]. Therefore, the choice of
proper amendments that increase soil sorption properties is nec-
essary. Additionally, organic pollutants such as polycyclic aro-
matic hydrocarbon may be degraded by the enzymes released
from the plant’s roots or micro-organisms [7]. In addition, plant
root exudate that releases into the rhizosphere can stimulate and
increase the population of microorganisms and thereby increas-
ing petroleum hydrocarbon degradation [10].

Today in most industrial areas there is simultaneous con-
tamination of heavy metals and petroleum hydrocarbons, that
their interactions can affect their availability. Arsenic (AS) is
one of the most important heavy metals that cause different
diseases such as skin damages and cancer, osteoporosis and
disorders in the nervous system [11]. Therefore, it is necessary
to find a suitable strategy to reduce the As availability in soil
and plant.

In recent years, the influence of some organic compounds,
such as nano oxides on decreasing the heavy metals availabil-
ity in aquatic environments has been confirmed [12, 13], but
the role of such compounds in soil environments has been less
studied. On the other hand, some of the soil microorganisms
such as endophyte fungi are capable to reduce the toxicity of
heavy metals by secretion of different enzymes, storage the
pollutants on their body, and using of some pollutant as their
nutrients [14, 15].
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Barley (Hordeum vulgare L. cv. Makoei) is one of the most
important plants in the central regions of Iran, as this crop
plant is compatible with arid and semi-arid regions.
Additionally, barley has high ability to absorb heavy metals
and its cultivation in contaminated soil to heavy metals and
petroleum hydrocarbons can influence the plant growth pro-
cess. So, it is necessary to find a suitable strategy to reduce the
soil pollution with heavy metal and petroleum hydrocarbons.
Thus this study was conducted to evaluate the effect of nano
Fe -oxide and Piriformospora indica (P, indica) fungi on pe-
troleum hydrocarbons degradation and reducing soil As con-
centration in an As and petrolium-contaminated soil under
cultivation of barley plant.

Material and methods
Experimental design

A factorial experiment in the layout of randomized completely
block design with the factors of P.indica fungi (the presence (E
*)and the absence (E")), soil contaminated with As in the rates
of 0 (ASy), 12 (AS;,) and 24 (As,4) mg As /kg of soil and
application of 0 (Fey) and 1% (Fe,) (W/W) nano Fe-oxide was
conducted with each treatment replicated three times (2 = 3) in
greenhouse condition.

Soil Preparation and Plant Cultivation

The petroleum polluted soil was collected from the tap 30 cm
of land around the Tehran oil refinery. Soil physic-chemical
properties are shown in Table 1. Selected soil samples were
polluted with As at the mentioned levels and incubated for
one month to equilibrium. After that, nano iron-oxide (pre-
pared from the waste products of Mobarakeh Steel Complex
which was converted into a nano-size particle) was added to
the soil at the rate of 0 and 1% (W/W) and incubated for one
month.

Table 1 Selected soil physic-chemical properties in this research
Characteristic Unit Amount
Soil texture - Sandy Loam
pH - 72

EC dS/m 34

DTPA- extractable AS mg kg ND*

DTPA- extractable Cd mg kg ! ND

DTPA- extractable Pb mg kg ND

Organic carbon % 0.8

CaCOs3 % 3

*ND: Not detectable by atomic absorption spectroscopy
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The studied soil was sterilized by autoclaving (at 121 °C
for 45 min) [16] in order to eradicate the indigenous microbial
communities. After that, the soil was re-inoculated with indig-
enous soil bacteria suspension (50 ml/kg soil), which was
prepared from an aqueous suspension of the non-sterilized soil
(2.5% w/v), filtered twice through Whatman No 1 filter paper
[17]. This procedure of soil sterilization and microbial re-
inoculation is using to prepare P. indica-free soil for analyses
the effects of P.indica fungi. After that, about 5 kg of the soils
in each combination of described treatments were filled in
each pot and planted to 10 barley seedlings. Thereafter, half
of all pots (combination of described treatments) were inocu-
lated with P, indica spores. The spores of the inoculum were
extracted by wet-sieving and decanting, and directly pipetted
onto the roots of the transplanted barley seedlings. During the
plant growth, soil moisture was maintained at the field capac-
ity (FC). After 7 weeks of plant growth, plant roots and stems
were harvested. .

The percentage of root colonization by P.indica was quan-
tified using a microscope (100x) after the roots had been
washed in a 10% KOH solution and stained in acid fuchsin
according to the Liu et al. (2018) [18].

Chemical Analysis

The soil microbial respiration was measured according to the
Besalatpour et al. [19]. Accordingly, soil samples of different
treatment were incubated for one week at 25 °C in 250-ml
glass containers and closed with rubber stoppers. The CO,
produced was trapped in NaOH solution and the excess in
alkali was then titrated with HCI. To measure the Pb, Cd, Fe
and As concentration in root and shoot of plants, the harvested
plant were dried at 75 °C for 72 h and milled, 100 mg aliquots
were incinerated at 550 °C for 6 h, and then dissolved in 1 ml
of 13 M HNOs; and heated in 220 °C for 1 min. The soil
(DTPA-extractable) and plant heavy metal concentrations
were determined using atomic absorption spectroscopy [20].
The accuracies of heavy metal analyses were controlled by
analyzing certified standard materials and including blanks
in digestion batches.

The translocation factor (TF) of As from root to shoot was
calculated using the following formula:

TF = Cshnot/cmot (1)

Where C g,00: and C ... are As concentrations in above and
below ground plant parts, respectively.

The concentration of some aromatic polycyclic hydrocar-
bons (PAHs) and the total concentration of soil hydrocarbon
(TPHS) were determined using the GC-mass with a Delsi DI
200 chromatograph equipped with a direct injection port and
an FID detector at 340 °C 17) (Table 2). Catalase enzyme

Table 2 The concentration of some polycyclic aromatic hydrocarbons
in the studied soil

PAHs mg/ kg soil
Phenanthrene 432
Anthracene 1.5
Benzo[k]fluoranthene 0.8
Pyrene 225
Benzo[g,h.i]perylene 8.4
Benz[a] pyrene 0.65
Naphthalene 52.3
Fluoranthene 324
TPHS 55,348

activity (CAT, EC 1.11.1.16) was determined as described
by Khanna (2019) [21].

Statistical Analysis

The statistical analyses of data were performed using the
ANOVA procedure. Differences between means were evalu-
ated using the least significant difference (LSD test). The 0.05
probability value was used to determine the significant
difference.

Results and discussion

Based on the results of the Mobarakeh Steel Complex labora-
tory, about 73.5% of the nano-Fe oxide is Fe,O5 (Table 3). It
should be noted that the concentration of heavy metals in this
powder was not detectable by atomic absorption spectroscopy
(AAS). On the other hand, the application of nano-Fe oxide
has no significant effect on soil pH and soil electrical conduc-
tivity (EC).

The highest shoot Fe concentration has belonged to the
plants cultivated in the non As-polluted soil containing 1%
(W/W) nano Fe-oxide in the presence of P. indica, while the
least shoot Fe concentration was in As polluted soil (24 mg
As/ kg soil) without applying nano Fe-oxide and in the ab-
sence of P.indica (Fig. 1).

Presence of Pindica in the As polluted soil treated with
nano Fe-oxide has played an important role on increasing
the shoot Fe concentration, as the P.indica presence in the
As polluted soil (12 mg As/kg soil) that containing 1% (W/
W) nano Fe-oxide increased the shoot Fe concentration by
27% (Fig. 1). Increasing soil contamination with As decreased
shoot Fe concentration. With increasing soil As level from 12
to 24 mg/kg in soil which nano Fe-oxide was added and that
contained P.indica the shoot Fe concentration was decreased
by 40.5%. However, the only 8% shoot Fe concentration was
decreased in the presence of P.indica in that treatment.
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Table 3  Percentage of nano-Fe oxide components used in this study
Element Fe,O5 FeO CaO SiO, MgO Al,O3 P,Os MnO ZnO V,05 S Na,O K>0
Amount 73.50 12.25 10.22 1.63 0.15 0.11 0.23 1.21 0.03 0.11 0.11 0.10 0.35

Application of nano-Fe oxide has shown a significant in-
crease in shoot Fe concentration. Application of 1% (W/W)
nano Fe-oxide in the soil polluted with 12 mg As/kg (in the
absence of P.indica) caused a 3 times increasing in the shoot
Fe concentration by, while in soil which contains P.indica it
was increased by 4.1 times. Ebrahimi et al., investigated the
effect of humic organic material and mycorrhizal fungi on iron
and zinc concentration in soybean and concluded that the
presence of mycorrhizal fungi has an effective role on plant
Fe and Zn uptake [22]. Although, element uptake efficiency
can be dependent on plant physiology [23]. Jahandideh
Mahjen Abadi et al. studied the effect of P.indica fungus in-
oculation on uptake and transportation of some nutrients in
two wheat cultivars and revealed that inoculation of P.indica
with plant roots has an important role in increasing the nutri-
ents uptake [24].

The highest barley root As concentration was observed in
the presence of P.indica in soil contaminated with 24 mg As/
kg soil which contains 1% (W/W) nano Fe-oxide (E*
Fe,As,4), while the lowest root As concentration has belonged
to the plant grown in soil contaminated with 12 mg of mg As/
kg soil and treated with 1% (W/W) nano Fe-oxide in the ab-
sence of P.indica (E FepAs;»). As concentration in non-
polluted soil was not detectable by atomic absorption spec-
troscopy (ASS) (Table 4).

Application of 1% (W/W) nano Fe-oxide in soil treated
with 12 and 24 mg As/kg soil decreased root As concentration
by 30 and 20.6%, respectively, that maybe related to the in-
creasing of soil sorption properties and thereby decreasing soil
As availability. Mansouri et al. evaluated the effects of

hematite nanoparticles on soil As immobilization and con-
cluded that application of these products can decrease soil
As concentration due to its high specific area [25]. The results
of Bagherifam et al. confirm our results clearly [26].

On the other hand, the presence of Pindica caused a sig-
nificant increase in the root As concentration, as the highest
root As concentration was observed in the soil contaminated
with 24 mg of As and in the presence of Pindica (E*Fe As.y).
The lowest shoot As concentration was observed in the pres-
ence of Pindica in the soil contaminated with 12 mg As/kg
soil that treated with 1% (W/W) nano Fe-oxide (E + Fe;As;»),
while the highest of that was measured in the absence of
Pindica in polluted soil (24 mg As/kg soil) without receiving
nano Fe-oxide (E FegAsyy).

According to the results of this study, with increasing Fe
concentration in plant the As concentration was decreased,
which may be attributed to the competitive effect of As and
Fe, which is a positive point in environmental studies. On the
other hand, with increasing plant Fe concentration, the plant’s
yield increased and thereby the Fe sorption by the plant in-
creased. Principally, iron nanoparticles can release Fe in the
soil solution due to their high specific surface, high reactivity
and high mobility in the soil. On the other hand, due to their
small size and high penetration through the cell membrane
plant Fe uptake increases and simultaneously the As uptake
decreases [27]. Although the role of soil physic-chemical
properties on the changes of As availability could not be ig-
nored. Ahmad et al. studied the model for heavy metal reme-
diation from soil amended with petroleum wastewater by rye-
grass L and concluded that the remediation efficiency of Pb,
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hydrocarbon polluted soil. As,, g d
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Table 4  Effect of nano Fe-oxide, As and P.indica on root and shoot As
concentration (mg/kg soil) in barley plant in a petroleum hydrocarbon
polluted soil

Treatment E Fe, E Fe, E*Fey E*Fe,

Root Shoot Root Shoot Root Shoot Root Shoot
Asg ND ND ND ND ND ND ND ND#*
Asps 5.6% 43° 43" 270° 7.1° 24" 101° 2.02¢
Asys 874 718 69" 48> 155 4.03¢ 203 24f

Asg, Asyp and Asyg are 0, 12 and 24 mg As /kg soil, Fe0 and Fel are 0 and
1% (W/W) nano-Fe oxide, E~ and E* indicate the presence and absence
of P.indica, respectively. *Data with the similar letters in each parameter
are not significantly different (P = 0.05, LSD test). **ND: Not detectable
by atomic absorption spectroscopy

Zn, Ni, and Hg by this plant was 89.5, 72.1, 57,3 and 32.4,
respectively [28].

Mansouri et al. by investigating the effect of AS on Fe
concentration in soil and corn plant revealed that increasing
soil As concentrations reduced plant Fe uptake [29]. Shaybur
et al. studied the interaction of As and Fe in barley plants
grown in hydroponic media and reported that by increasing
the shoot As concentration up to 33.5 umol /L, the shoot Fe
concentration of barley plants was significantly decreased
[30]. Mostafa et al. expressed that using of quartz-coated iron
oxide is a suitable way for As removal from aqueous solution
[31].

Lee et al. investigated the role of Fe-enriched industrial
waste on As concentration in lettuce and concluded that the
use of Fe-compounds is an effective way to reduce the plant
As concentration. In addition, they mentioned that soil physic-
chemical properties such as pH can effect on soil As availabil-
ity considerably [32]. The results of Lee et al. (2001) on the
role of heavy metal immobilization in soil by industrial iron
wastes confirm our results clearly. Mayo et al. (2007) also
showed that As can adsorb on hydroxides surface, metal ox-
ides and clay minerals. They mentioned that reducing the

metal oxides from 300 to 12 nm decreased the heavy metals
availability by 200 times that are related to increase of surface
area [33].

The highest TF value was recorded for the plant grown in
soil polluted with24 mg As/kg soil, without receiving nano
Fe-oxide and in the absence of P.indica (E FeyAs,4) (Fig. 2),
while the lowest As TF value was observed for plants grown
in soil to which the highest amount of As (24 mg As/kg soil)
was applied and to which nano Fe-oxide was added and that
contained P.indica (E* Fe;As,4). Based on the results, the
presence of P.indica reduced the As TF value (Fig. 2), as the
presence of P.indica in As polluted soil (24 mg As/kg soil)
with 1% nano Fe-oxide reduced the TF value by 0.56 units.

Shahabivand et al., investigated the effect of P.indica on Cd
accumulated in wheat plants and reported that the Cd TF was
decreased in the presence of P.indica [34]. However, in their
research, the Cd concentration in the aerial part of plants has
been increased with increasing soil pollution that confirms our
results. The remarkable point is that plant growth condition is
an effective factor on heavy metals translocation to aerial part
of plant. In this regard Ahmad et al. showed that the plant As
concentrations and the bio-concentration factors were higher
in the field experiment than those in the laboratory experi-
ment. However, the element type has important role on TF
value [35]. Furthermore, Ahmad el al. reported that the aquatic
plants were most efficient in transferring metals into the bio-
mass of plant compared with terrestrial plant samples [36].

The highest root colonization was observed in As non —
polluted soil containing 1% nano Fe-oxide, while the lowest
of that was in As polluted soil (24 mg/kg soil) without apply-
ing nano Fe-oxide. With increasing the As level from 0 to
24 mg As/kg soil a significant decreasing in root colonization
was observed in the soils treated with and without nano Fe-
oxide by 0.18% and 0.31%, respectively (Fig. 3), that is at-
tributed to the negative effect of As toxicity on the rate of
spore germination or the growth of fungal mycelium.
However, the cell wall of fungi is one of the main reasons of

Fig. 2 Effect of nano Fe-oxide, 1 - -
As and P.indica on As 5 b a
translocation factor in a petroleum :c:» 0.8 - d ¢
hydrocarbon polluted soil. As,, ‘; 0.6
Asypand As,g are 0, 12 and 24 mg 2 )
As /kg soil, Fe0 and Fel are 0 and = 04 - e
1% (W/W) nano-Fe oxide, E ™ and § f g
E" indicate the presence and Z 0.2 %= h
absence of P.indica, respectively. g NM NM NM NM
*Columns with the similar letters ;) 0
are not significantly different < E E E E E’ E, E E E E E E,
- £33 .
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Fig. 3 Effect of nano Fe-oxide, 1 -
As and P.indica on root
colonization in a petroleum
hydrocarbon polluted soil. As, e 0.8 1 a
Aspand Asyyare 0, 12 and 24 mg < b
As /kg soil, Fey and Fe; are 0 and E 0.6 - c
1% (W/W) nano-Fe oxide, = ’ c
respectively. Columns with the E d
similar letters are not significantly S 04
different (P = 0.05, LSD test) S
g e
g 0.2
T3 ‘ o ‘ 3 3 \ o \ 3
< ‘2 £ < ‘2 £
Fe0 Fe1
Treatment

preventing heavy metals entry into the plant and simulta-
neously with the destruction of the cell wall, due to the toxicity
of heavy metals, tolerance to the stress of heavy metals de-
creases [37]. The effect of heavy metal toxicity on plant
growth has been reported by many researchers, due to the
decrease in photosynthesis and nutrition uptake [38, 39].
Based on the results of this study, the presence of P.indica
had a significant effect on root dry weight. The highest root
dry weight was observed in the As non-polluted soil treated
with nano Fe-oxide in the presence of P.indica (E*Fe;As)
(Table 5). The lowest root dry weight has belonged to the plant
cultivated in As polluted soil (24 mg As/kg soil) without ad-
dition of nano Fe-oxide in the absence of P.indica. The pres-
ence of P.indica plays an important role in increasing root dry
weight, as, the presence of P.indica in As polluted soil (12 mg
As/kg soil) treated with 1% (W/W) nano Fe-oxide increased
the root dry weight by 31%. Similar results were observed for
shoot dry weight (Table 5). Hosseini et al. investigated the
effect of P. indica on physiological characteristics and root
morphology of wheat under combined drought and mechani-
cal stresses and stated that P.indica has an effective role on
improving plant growth and yield under plant stress

Table 5 Effect of nano Fe-oxide, As and P.indica on shoot and root
plant biomass (g) in a petroleum hydrocarbon polluted soil

Treatment E Fe, E Fe, E*Fe, E*Fe,
Root Shoot Root Shoot Root Shoot Root Shoot
Aso 6.6° 072 7.1° 1118 74> 1249 81* 1.42%"
Asp, 530 0545 637 095" 699 121° 74° 138°
Asys 46 041" 552 082 64" 114" 7.0° 1.30°

Asg, Asj, and Asyg are 0, 12 and 24 mg As /kg soil, Fe0 and Fel are 0 and
1% (W/W) nano-Fe oxide, E~ and E* indicate the presence and absence
of P.indica, respectively. *Data with the similar letters in each parameter
are not significantly different (P =0.05, LSD test)

@ Springer

conditions [40]. The results of khanna et al. confirm this mat-
ter clearly [21]. Ahmad et al. investigated the remediation
rates and translocation of heavy metals from contaminated soil
amended with fly-ash through Parthenium hysterophorus and
mentioned that it can efficiently reduce the heavy metal pol-
lution in the soil. However, the plant biomass was affected by
heavy metal concentration [41]. Biomass can express the tol-
erance of plants to toxic metals. The results of Ahmad et al.
showed that the high length and biomass of rye-grass L is an
important reason for their ability to phyto-remediate the
metals from contaminated soil, and they introduced that plant
as a tolerant plant to abiotic stress [28].

The effect of P.indica presence on the TPHS degradation in
soil was significant. The highest TPHS degradation was ob-
served in As non-polluted soil that containing 1% (W/W) nano
Fe-oxide in the presence of P.indica (E* Fe;Asg), However the
lowest TPHS degradation was in As polluted soil (24 mg As/
kg soil) without applying nano Fe-oxide and in the absence of
P.indica (E FegAs,4). The presence of P.indica in As polluted
soil had a significant effect on TPHS degradation in soil.
Increasing soil microbial respiration with reducing the soil
TPHS confirms this matter clearly (Table 5). The P.indica
mycelium penetration in the root of plants can improve the
nutrient uptake by plant and hence has a positive effect on
plant growth. In addition, plant root exudates significantly
increase the soil microbial activity that helps THPS degrada-
tion [42]. It has been observed that symbiosis interaction be-
tween plant and fungi activated the plant antioxidant system
and thereby the plant tolerance to biotic and abiotic stresses
increases [43]. Meanwhile, the use of nano Fe-oxide also con-
tributes to further soil THPS degradation by increasing the soil
micro-organism activity.

Aghili et al. (2014) studied the influence of mycorrhizal
fungi on plants nutrient uptake under stress conditions and
concluded that micro-organisms require a minimum nutrient
level for optimal growth under stress condition and the use of
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Table 6  Effect of nano Fe-oxide, As and P.indica on soil microbial respiration (mg C-CO,/kg soil h) and TPHS degradation (%) in a petroleum

hydrocarbon polluted soil

Treatment E Fe, E Fe, E*Fe, E*Fe,
Soil microbial TPHS Soil microbial TPHS Soil microbial TPHS Soil microbial TPHS
respiration degradation  respiration degradation  respiration degradation  respiration degradation
Asg 46h 393 g 6.4e 50.3¢ 8.6b 68.1b 9.4a 75.3a*
Aspo 4.2i 33.1h 5.9f 44.9f 8.0c 62.4c 8.7b 69.2b
Asyy 3.6 28.91 53¢g 403 ¢ 7.2d 54.3d 8.1c 61.3c

Asg, Asy, and As,y are 0, 12 and 24 mg As /kg soil, Fe0 and Fel are 0 and 1% (W/W) nano-Fe oxide, E~ and E* indicate the presence and absence of
P.indica, respectively. *Data with the similar letters in each parameter are not significantly different (P =0.05, LSD test)

zinc compounds can be a useful factor on increasing microbial
activity [44], which confirms our results. On the other hand,
soil hydrocarbons can be also a good source of energy for
P.indica activity [41]. Although, the high amount of petroleum
hydrocarbon in soil has a toxic and inhibitory effect on micro-
organisms activity [19].

According to the results of this study application of nano
Fe-oxide had a significant effect on the soil TPHS degradation
that is related to the role of nano Fe-oxide on decreasing soil
As availability and consequently reducing the heavy metals
toxicity for microorganisms. The reduction of heavy metals
toxicity has allowed microorganisms to degradation the TPHS
[45]. Samarghandi et al., studied the Cd adsorption on activat-
ed carbon granules coated with nano Fe-oxide in aqueous
solutions and concluded that coating nano Fe-oxide on active
carbon granules could change the chemical and physical prop-
erties of activated carbon granules and greatly increases the
surface area for Cd adsorption. According to their results, with
increasing time, the Cd removal efficiency had increased but
the rate of Cd adsorption had been decreased and the high
amount of Cd adsorption occurs during the initial time’s pro-
cess [46].

According to the results of this study, the highest soil mi-
crobial respiration was observed in the presence of P.indica in
the As non- polluted soil that containing 1% nano Fe-oxide
(E* Fe,Asy) (Table 6), while the lowest that was in the soil
contains 24 mg As/kg soil without receiving nano Fe-oxide
and in the absence of P.indica (E FegAs,4). The presence of
P.indica in the As non-pollutes soil treated with 0 and 1% (w/
w) nano Fe-oxide significantly increased soil microbial respi-
ration by 47.6% and 34%, respectively. Regarding the pres-
ence or absence of P.indica increasing As contamination cause
a significant decreasing in soil microbial respiration. With
increasing soil As contamination from 0 to 24 mg/kg soil in
soil without receiving nano Fe-oxide and in the absence of
P.indica, the soil microbial respiration was decreased by
26.4%.

The highest catalase enzyme activity was belonged to the
plants grown in the soil which was not contained P.indica and
contaminated with As (24 mg As/kg soil) without receiving
nano Fe- oxide (E FeygAs,4), while the lowest of that was
observed in As non-polluted soil containing nano Fe-oxide
in the presence of P.indica (E*Fe As) (Fig. 4). It should be
noted that application of nanoFe- oxide or the presence of

Fig. 4 Effect of nano Fe-oxide, 2.5 - a c
As and P.indica on catalase z b
enzyme activities in a petroleum E —_ 2 d d
hydrocarbon polluted soil. Asg, s = e
Asjpand Asyg are 0, 12 and 24 mg g R 1.5 - f
As /kg soil, Fej and Fe, are 0 and £ g g
1% (W/W) nano-Fe oxide, = 14
respectively. Columns with the = 3
similar letters are not significantly 2 &
different (P = 0.05, LSD test) 2z o0 057 h h h
==
5 0
@] o o o - ~— -— o o o - -~ -~
[ ) 0| o | o [} [ 0| O [ o | o
Lo || w |w|w|w|w|w|Ww|w|LwWw
o |N | ¥ |0 |N | |0 |N | ¥ |0 | N |
2 9 |2(2(0|2|2(0|2|%2|a|%
<3< Q< Q< Q<
E- E+
Treatment
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P.indica had no significant effect on catalase enzyme activity
in As non-polluted soil which shows that catalase enzyme
activity is highly dependent on environmental stresses such
as heavy metals contamination [47].

With increasing As concentration from 12 to 24 mg AS/Kg
of'soil that was not received nano Fe-oxide and in the absence
of P. indica the activity of catalase enzyme was increased by
2.1 units.

Hashemi et al., studied the antioxidant enzymes activity
under Cd stress and concluded that the increase in antioxidant
activity depends on the Cd concentration. In addition, their
findings showed that the activity of antioxidant enzymes had
increased when the Cd concentration was above 12.5 mM
[48]. Increasing the antioxidant enzyme capacity is a general
response to toxic heavy metals. Antioxidant enzymes are the
most important compounds in preventing oxidative stress in
plants [49].

Conclusion

The results of this study showed that using nano Fe-oxide
has been able to reduce the plant As concentration, while
the Plant Fe concentration has been increased,as applying
1% (W/W) nano Fe-oxide significantly increased and de-
creased the shoot Fe and As concentration by nearly 3 and
1.7 times, respectively. On the other hand, the presence of
P.indica has been increased the As accumulation in the bar-
ley roots, but the TF has been shown a decreasing trend,
which can be considered as an important point in environ-
mental studies. In addition, the presence of P.indica played
an important role in soil TPHS degradation. In this way,
P.indica probably has been able to use petroleum hydrocar-
bon as a carbon source to decompose it. Accordingly, the
presence of P.indica in soil containing 1% (W/W) nano Fe-
oxide significantly increased the TPHS degradation by
33%. Despite of this, physic-chemical properties of soil
such as pH can play an important role in the rate of petro-
leum degradation that needs to be investigated. Further
more, it is also necessary to study the presence of P.indica
on removal the other heavy metals from the contaminated
soils in the future studies.
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