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 Abstract                                                      
Background: This descriptive study was conducted to evaluate 
the interaction effects of sewage sludge and its biochar on 
anthracene biological degradation in a Pb polluted soil under 
sunflower cultivation  
Methods: Treatments consisted of applying three rates of 
anthracene (0, 12.5 and 25 mg/kg soil), two levels of sewage sludge 
and its biochar (0 and 30 t/ha) in the presence of Azetobacter 
bacteria and Piriformospora indica (P. indica) fungus. After 
60 days, plants were harvested and plant Pb concentration was 
measured using atomic absorption spectroscopy. In addition, the 
soil petroleum hydrocarbons concentration and soil microbial 
respiration were measured by the method described by Besalatpour 
et al. (2011). The catalyze enzyme activity was assayed.
Results: Plant inoculation with P.indica and Azotobacter 
significantly increased the degradation of anthracene in soil 
by 12.8% in the soil treated with 25 mg anthracene/kg soil. In 
addition, the soil Pb availability was decreased by 14.6% in the 
mentioned treatment. Applying 30 t/ha sewage sludge and its 
biochar significantly increased the plant biomass and anthracene 
degradation in the soil treated by 12.5 mg anthracene /kg soil by 
13.5% and 12.6%, respectively.
Conclusion: Soil treated with sewage sludge and its biochar 
had a positive effect on plant resistance to abiotic stresses 
and degradation of anthracene in the soil. Among this, plant 
inoculation with P. indica and Azotobacter had also an additive 
effect on bio-remediation of anthracene in the soil that is a 
positive point in environmental studies. However, soil pollution 
with heavy metals had an adverse effect on it.
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Sewage Sludge and Its Biochar on Anthracene Biological Degradation in a 
Pb Polluted Soil under Sunflower Cultivation. J Health Sci Surveillance Sys. 
2018;6(4):198-206.
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Introduction

Petroleum hydrocarbons is a term used to describe a 
large group of chemical compounds that all originate 
from crude oil. Crude oil is used to produce numerous 
derived compounds that are added to the environment, 
causing water, soil and air pollution.1 Crude oil is 
made up of many chemical compounds that are not 
easily measured in contaminated sites. Therefore, the 

term “total petroleum hydrocarbons” or TPHs is used 
to refer to these chemical compounds of crude oil or 
its by-products’ origin.2, 3 Petroleum hydrocarbons 
are a mixture of chemical compounds that are all 
composed of carbon and hydrogen and are, therefore, 
called hydrocarbons. These uniform compounds are 
chemically low soluble in water or insoluble in water 
and have less density than water. In addition to the 
carbon and hydrogen required for the formation of these 
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compounds, nitrogen and sulfur may also be present in 
the structure of these compounds; in this case, after the 
addition of these types of petroleum hydrocarbons to 
the environment, by their reaction molecular oxygen, 
sulfur or nitrogen oxides and carbon monoxide are 
produced and enter the atmosphere and pollute it.4, 5 
Petroleum hydrocarbons may enter the environment 
in various ways: oil leakage from pipelines, overflow 
of crude oil tanks, crashes of crude oil carriers, release 
of refinery waste into the environment, and subsequent 
wars that burn the oil resources. Soil contamination with 
total petroleum hydrocarbons has emerged as a serious 
environmental and human health concern with a large 
percentage of used oil discharged into the ecosystem 
without any treatment.6 Petroleum hydrocarbons are 
composed of carbon, oxygen, hydrogen, nitrogen, and 
sulfur. Saturated hydrocarbons, aromatic hydrocarbons, 
colloid and asphaltene are the four large TPH fractions 
that are toxic and cannot be quickly degraded by soil 
microorganisms. Furthermore, weathering could 
enhance the sorption of contaminants into the soil pores, 
leading to chronic soil aging problems and decreased 
bioavailability and biodegradability of microorganism 
to the pollutants. Crude oil and its by-products are one 
of the most important sources of environmental pollution 
of petroleum hydrocarbons, and its remediation from 
soils is necessary.7-9

Phytoremediation is one of the most important 
methods when compared with physical and chemical 
remediation methods due to its high efficiency, low 
cost and harmless products (mainly water and CO2 and 
water). However, plant growth in central parts of the 
country is hampered by low soil organic matter content 
and soil pollution.10-12 Therefore, using appropriate 
methods to increase the plant growth can speed up 
the bioremediation process.13 Álvarez-López et al. 
reported that using organic amendments can affect 
the plant growth and consequently increase the soil 
quality.14 In addition, using vitamins and substrates 
can stimulate the microorganisms’ activities, thereby 
increasing the petroleum hydrocarbons degradation 
(biostimulation) indication that microorganisms 
stimulation by adding organic amendments can provide 
a main carbon source which tends to result in a rapid 
depletion of the available pools of major inorganic 
nutrients such as P and N.15 In this regard, applying 
sewage sludge with the low amount of heavy metals 
can increase the soil organic carbon and consequently 
improve the soil microbial activity that help to 
increase the petroleum hydrocarbon degradation, 
specially in soils polluted with heavy metals. In this 
regard, Dindar et al. investigated the biodegradation 
of crude oil-contaminated soil treated with sewage 
sludge and concluded that applying sewage sludge as 
a carbon and macro- or micro-nutrient can stimulate 
the microorganism activities, thereby increasing the 
petroleum hydrocarbon degradation.16 

It should be noted that in the central part of Iran, 
there is a co-contamination of heavy metals and 
petroleum hydrocarbons. Thus, it seems necessary 
to remediate the soils from these compounds. On 
the other hand, in arid and semi-arid regions of the 
country, there is a problem of soil organic matter 
deficiency which restricts the growth of the plants. 
Thus, adding organic amendments such as sewage 
sludge or its biochar can increase the soil organic 
carbon that helps to the growth of the plant. On the 
other hand, increasing soil organic carbon can alter the 
soil sorption properties that may affect the availability 
of heavy metals, thereby changing the soil microbial 
activities. On the other hand, the symbiotic effect of 
plant inoculation with fungi or bacteria can help to 
increase the plant’s resistance to soil contaminants and 
thus promote the plant growth. On the other hand, plants 
can also affect the activity of soil microorganisms 
and consequently help to degrade the petroleum 
hydrocarbons compounds such as anthracene in the 
soil. Therefore, this research was done to evaluate the 
interaction effects of sewage sludge and its biochar on 
anthracene biological degradation in a Pb polluted soil 
under sunflower cultivation  

Material and methods:

To investigate the interaction effects of sewage sludge 
and its biochar on anthracene biological degradation 
under sunflower cultivation, a naturally Pb-polluted 
soil with the low organic carbon was selected. This 
research was done as a factorial experiment in the 
layout of completely randomized block design in three 
replicates. Treatments consisted of applying three rates 
of anthracene (0, 12.5 and 25 mg/kg soil), two levels 
of sewage sludge and its biochar (0 and 30 t/ha) in the 
presence of Azetobacter bacteria and Piriformospora 
indica (P. indica fungus). The soil was collected around 
the Shazand Pb and Zn mine in Mrkazi province. The 
physic-chemical properties are shown in Table 1. 

Table 1: The selected physico-chemical properties of soil in 
this study
Characteristic Unit Amount
Soil texture ----- Loamy
pH ------ 7.2
EC dS/m 2.1
Organic carbon % 0.1
Cation exchange capacity Cmol/kg soil 10.2
Total Pb concentration mg kg-1 843.3
Total Cd concentration mg kg-1 2.8

The Pb polluted soil was treated with anthracene 
at the rates of 0, 12.5 and 25 mg/kg and incubated for 
two weeks to equilibrium. After that, sewage sludge 
and its biochar was added to the soil and incubated 
for two weeks to equilibrium. 
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The fungal strain of P. indica used in this study 
was obtained from the soil biology of water and soil 
research institute. The P. indica inoculum in this 
experiment was prepared according to the Zamani 
et al.’s method.17 

To prepare Azotobacter chroococcum (A. 
chrooococcum) inoculant, we first cultivated the strain 
in Yeast Mannitol (YM) liquid medium for 24 h in 
a rotary shaker (150 rpm) at 28 °C. The culture was 
harvested when growth was complete and centrifuged 
at 3293 x g. Then, the cells of the bacterial were 
suspended in a 5% sucrose solution at the rate 1:5 
(w:v). The bacterial was freeze-dried and amended 
to quartz sand to have a microbial concentration of 
approximately 1×107 CFU g− 1.18 

Thereafter, the sunflower (Helianthus annuus L.) 
seeds were surface sterilized in 15% H2O2 thoroughly 
washed in distilled water, and pre-germinated on the 
moistened filter paper. After germination, the uniform 
sets of seedlings were selected (two seedling for 
each pot) for the experiment. The selected seedlings 
were inoculated with P. indica by immersion for 3 
hours in inoculums (adjusted nearly to 2×106) under 
gentle shaking. The non-inoculated seedlings were 
dipped in sterilized distilled water containing 0.02% 
Tween. Then, the 5kg pots were filled with the treated 
soils, and the P.indica inoculated or non-inoculated 
seedlings were planted at a depth of 1cm in the top 
soil layer in the center of each pot and irrigated 
to reach near field capacity (FC). Thereafter, the 
inoculums of Azotobacter were added in the central 
part of each pot. For controlling the treatments, a 5% 
sucrose solution lacking bacterial cells was applied 
to substrate similar to the inoculated treatment.18 The 
germinated seeds were counted after two weeks to 
calculate the germination percentage. After 60 day, 
the plants were harvested and the shoot and roots were 
dried at 60°C for 24 h and weighed. Then, the Pb 
concentrations in the plant biomass were measured in 

100mg subsamples of plants, using atomic absorption 
spectroscopy (AAS) after incineration at 550ºC for 
6 h and extracted with HCl 2 N. In addition, DTPA-
extractable Pb (soil Pb availability) was measured 
according to the Lindsay method using AAS (Perkin-
Elmer model 3030).19

Soil microbial respiration was determined by 
measuring the released CO2 of the soil during 48 h of 
incubation. In addition, the anthracene concentration 
in the soil samples was extracted by soxhlet using 
n-hexane and a 1:1 (v/v) dichloromethane during 24 
h and measured according to the Besalatpour et al.’s 
study.2 The catalyzed enzyme activity was assayed 
according to the method illustrated by Kapur et al.20

Plant N concentration was measured after dry 
matter digestion in concentrated sulfuric acid, 
boric acid 2 %, distillation with NaOH (10 mol/L) 
and titration with HCl (0.1 mol/L), according to the 
Kjeldahl method.21 

Statistical analyses were performed using 
ANOVA. The mean differences were calculated using 
the least significant difference (LSD) test. The 95 
percentage (P=0.05) probability value was considered 
to determine the significant difference. Compliance 
of data dispersion with ANOVA model assumptions 
was verified using Shapiro-Wilcoxon’s normality and 
Levene’s equal variance tests. If necessary, data were 
log10 or square root transformed.

Results 

The greatest seed germination percentage belonged to the 
plants cultivated in the Pb-polluted soil without receiving 
any anthracene pollution and treated with the greatest 
rate of sewage sludge and its biochar in the presence of 
P. indica fungus and Azetobacter (Figure 1). Increasing 
the application of sewage sludge and its biochar from 
0 to 30 t/ha significantly increased the percentage of 

Treatments

Se
ed

 g
er

m
in

at
io

n
(%

)

*

i
jjk

d
f

e
gghhi

ab
c

d

0

20

40

60

80

100

SS

SS
+B SS

SS
+B SS

SS
+B SS

SS
+B SS

SS
+B SS

SS
+B SS

SS
+B SS

SS
+B

An-
pollution

No-
pollution

An
pollution

No-
pollution

An-
pollution

No-
pollution

An-
pollution

No-
pollution

P.indica (+) P.indica (-) P.indica (+) P.indica (-)

Azetobacter (+) Azetobacter (-)

Figure 1: Effect of treatments on seed germination percentage, *means with similar letters are not significant (P=0.05), SS, SS+B, An-
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seed germination by 12.1 and 18.2%, respectively. In 
addition, a significant increasie in the seed germination 
percentage by 17.2% was observed when the plants 
were inoculated with P. indica and Azetobacter. On the 
other hand, increasing the soil pollution to anthracene 
had negative effect on decreasing the seed germination 
percentage; as the results of this study showed, increasing 
soil pollution to anthracene significantly decreased the 
seed germination by 11.6%.

The greatest plant biomass was observed in the 
non-pyrene soil under cultivation of inoculated plants 
with P. indica and Azotobacter. Plant inoculation 
with P.indica or Azotobacter had a significant effect 
on the plant biomass (Table 2). However, they had 
additive effects as the results of this study showed 
that plant inoculation with P.indica, Azotobacter 
and co-inoculation significantly increased the plant 
biomass by 8.1, 10.6 and 14.2%, respectively. However, 
soil pollution to anthracene had adverse effects on the 
plant biomass. Increasing soil pollution to anthracene 
significantly decreased the plant biomass by 9.2% in 
the soil amended with 30 t/ha sewage sludge. Soil 
amended with sewage sludge or its biochar significantly 
increased the plant biomass. Accordingly, a significant 
increase by 16.2% in the plant biomass was observed 
when the sunflower was cultivated in the soil treated 
with 30 t/ha sewage sludge and its biochar. 

The highest plant N concentration belonged to the 
plants cultivated in the soil receiving the greatest amount 

of sewage sludge and sewage sludge biochar, while the 
lowest concentration was observed in the non-treated 
soil (Table 3). Increasing the application of sewage 
sludge and its biochar from 0 to 30 t/ha significantly 
increased the Plant N concentration by 6.2 and 8.1%, 
respectively. Plant inoculation with Azotobacter 
had a significant effect on increasing the plant N 
concentration. However, co-inoculation had additive 
effects on increasing the plant N content. According 
to the results of this study, plant co-inoculation with 
Azotobacter and P.indica significantly increased the N 
concentration of the plants cultivated in the soil that 
received 30 t/ha sewage sludge by 11.3 %. Increasing 
soil pollution to anthracene significantly decreased the 
plant N concentrations.

The greatest soil Pb availability was observed 
in the anthracene-polluted soil under cultivation 
of inoculated plant with P.indica and Azetobacter. 
Increasing soil pollution to anthracene significantly 
increased the soil Pb availability by 8.2%. On the other 
hand, application of 30 t/ha sewage sludge and its 
biochar significantly decreased the soil Pb availability 
by 10.6% (Table 4). The presence of P. indica and 
Azetobacter had a significant effect on increasing 
thesoil Pb availability. Based on the results of this 
study, a significant increase in soil Pb availability by 
5.6% was observed when the plants were inoculated 
with P.indica. In addition, Azotobacter showed an 
additive effect on increasing thesoil Pb availabity; 

Table 2: The effect of sewage sludge and its biochar on the plant biomass in a Pb polluted soil under sunflower cultivation
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Azetobacter (+) Azetobacter (-)
P.indica (+) P.indica (-) P.indica (+) P.indica (-)

Sewage sludge biochar (mg/kg soil)
0 30 0 30 0 30 0 30

0 0 6.55g* 6.72e 6.22j 6.32i 6.32i 6.55g 6.12k 6.21j
30 6.76e 7.25a 6.42h 6.61f 6.51g 6.71e 6.31i 6.43h

12.5 0 7.12b 7.29a 6.13k 6.21j 7.00d 7.12b 6.00i 6.12k
30 6.52g 7.11c 6.31i 6.42h 6.41h 6.55g 6.22j 6.33i

25 0 6.52g 6.73e 6.00i 6.12k 6.21j 6.38i 5.73n 5.94m
30 6.41h 7.02d 6.25j 6.32i 6.31i 6.45h 6.12k 6.21j

*Means with the similar letters are not significant (P= 0.05), P.indica (+), P.indica (-), Azetobacter (+) and Azetobacter (-) are the presence 
and absence of the Piriformospora indica fungus and Azetobacter, respectively

Table 3: The effect of sewage sludge and its biochar on plant N concentration (mg/kg DW) in soil in a Pb polluted soil under sunflower 
cultivation

A
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Azetobacter (+) Azetobacter (-)
P.indica (+) P.indica (-) P.indica (+) P.indica (-)

Sewage sludge biochar (mg/kg soil)
0 30 0 30 0 30 0 30

0 0 53.4f* 56.2c 50.4i 52.9g 52.1g 54.7e 49.3j 51.4h
30 55.1d 60.3a 51.9h 55.2d 54.9e 58.8b 50.4i 53.7f

12.5 0 50.2i 55.8d 46.8l 49.6j 48.2k 53.6f 44.7n 46.9l
30 53.5f 58.9b 50.3i 51.8h 52.2g 54.3e 48.2k 50.4i

25 0 51.6h 53.4f 45.4m 48.2k 44.1n 43.8o 42.6p 41.4q
30 52.1g 56.1c 48.2k 49.4j 50.1i 52.3g 45.7m 46.9l

*Means with the similar letters are not significant (P=0.05), P.indica (+), P.indica (-), Azetobacter (+) and Azetobacter (-) are the presence 
and absence of the Piriformospora indica fungus and Azetobacter, respectively
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the results of this study showed that plant inoculation 
with P. indica and Azotobacter caused anthracene 
significant increase in soil Pb availability by 13.4%.

Application of sewage sludge biochar showed a 
significant effect on plant Pb concentration (Table 5).  
The results of this study showed that application of 
30 t/ha sewage sludge biochar and sewage sludge 
significantly decreased the plant Pb concentration by 
10.9 and 11.6%, respectively. The presence of P.indica 
and Azotobacter had a significant effect on decreasing 
the plant Pb concentration; the results of this study 
showed that cultivation of plant co-inoculated with 
P.indica and Azotobacter in the non-anthracene 
polluted soil caused a significant decrease in the plant 
Pb concentration by 12.4%. Increasing soil pollution 
to anthracene significantly increased the plant Pb 
concentration.

The greatest degradation of anthracene in soil has 
belonged to the anthracene–polluted soil treated with 
the greatest level of sewage sludge and its biochar under 
cultivation of plant co-inoculated with P.indica and 
Azotobacter (Table 6). Plant inoculation with P.indica 
or Azotobacter significantly increased the anthracene 
degradation in soil. However, plant co-inoculation had 
additive effects. Based on the results of this study, 
cultivation of inoculated plant with P. indica in the 
anthracene-polluted soil significantly increased the 
anthracene degradation in soil by 14.6%. Increasing 
the soil pollution to anthracene significantly increased 
the anthracene degradation in the soil; a significant 

increase in degradation of anthracene in the soil by 
18.2% was observed when the soil pollution with 
anthracene increased from 12.5 to 25 mg/kg soil.  

The greatest soil microbial respiration in the soil 
belonged to the anthracene-polluted soil t treated with 
30 t/ha sewage sludge and sewage sludge biochar, 
while the lowest respiration belonged to the non-
anthracene polluted soil without receiving any sewage 
sludge or sewage sludge biochar (Table 7). Applying 
30 t/ha sewage sludge and sewage sludge biochar 
significantly increased the soil microbial respiration 
by 15.3 and 17.1%, respectively. Plant co-inoculation 
with P.indica and Azotobacter had additive effects on 
increasing the soil microbial respiration. Simultaneous 
presence of P.indic and Azotobacter in anthracene-
polluted soil (25 mg/kg soil) significantly increased 
the soil microbial respiration by 12.4%. 

The greatest catalyze enzyme activity belonged 
to the plants cultivated in the Pb-polluted soil 
without receiving any organic amendments (Table 8).  
Application of 30 t/ha sewage sludge and sewage 
sludge biochar significantly decreased the catalyze 
enzyme activity by 13.6 and 15.2 %, respectively. 
In addition, plants inoculated with P.indica and 
Azotobacter significantly decreased the catalyze 
enzyme activity of the plants grown in the soil treated 
with 30 t/ha sewage sludge by 12.4%. However, 
the plant Pb concentration was also decreased by 
8.9%. Increasing the soil pollution with anthracene 
significantly increased the catalyze enzyme activity 

Table 4: The effect of sewage sludge and its biochar on soil Pb availability in a Pb polluted soil under sunflower cultivation
A
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a)

Azetobacter (+) Azetobacter (-)
P.indica (+) P.indica (-) P.indica (+) P.indica (-)

Sewage sludge biochar (mg/kg soil)
0 30 0 30 0 30 0 30

0 0 77.4c* 73.7h 67.7m 64.7o 73.8h 70.2j 64.1o 62.2p
30 75.1f 70.2j 61.3q 58.8r 67.3m 62.5p 58.2r 50.2t

12.5 0 80.2b 77.3c 72.7i 70.3j 75.2f 72.8i 69.7k 66.3n
30 77.6c 72.6i 64.5o 61.4q 70.2j 64.5o 61.3q 55.7s

25 0 83.4a 80.1b 76.1d 72.8i 80.2b 77.5c 74.2 70.1j
30 80.2b 77.6c 73.9h 68.4l 76.2d 72.1i 70.2j 66.2n

*Means with similar letters are not significant (P=0.05), P.indica (+), P.indica (-), Azetobacter (+) and Azetobacter (-) are the presence and 
absence of the Piriformospora indica fungus and Azetobacter, respectively

Table 5: The effect of sewage sludge and its biochar on plant Pb concentration in a Pb polluted soil under sunflower cultivation

A
nt

hr
a-

ce
ne

(m
g/

kg
)

Se
w

ag
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sl
ud

ge
(t

/h
a)

Azetobacter (+) Azetobacter (-)
P.indica (+) P.indica (-) P.indica (+) P.indica (-)

Sewage sludge biochar (mg/kg soil)
0 30 0 30 0 30 0 30

0 0 69.4g* 67.6h 62.4m 60.3o 66.2i 60.3o 58.7q 55.1s
30 65.2j 62.4m 59.4p 56.3r 62.7m 59.1p 55.1s 52.9t

12.5 0 72.1d 70.3f 66.3i 62.8m 69.2g 66.3i 63.8l 60.2o
30 70.1f 67.8h 63.2l 60.4o 66.4i 64.1k 60.2o 58.6q

25 0 76.4a 74.9b 70.2f 67.1h 74.8b 71.3e 67.9h 64.8k
30 73.1c 70.1f 67.2h 63.8l 70.1f 67.2h 64.7k 61.6n

*Means with the similar letters are not significant (P= 0.05), P.indica (+), P.indica (-), Azetobacter (+) and Azetobacter (-) are the presence 
and absence of the Piriformospora indica fungus and Azetobacter, respectively
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by 12.1% in the plant grown in the soil receiving 30 
t/ha sewage sludge. In this situation, the plant Pb 
concentration was also increased by 14.8%. 

Discussion

Based on the results of this study, application of sewage 
sludge and its biochar significantly affected the plant 
biomass and seed germination. As the studied soil 
has a low percentage of organic matter and naturally 
contains high concentrations of Pb, using organic 
amendment increased the soil sorption properties, 
thereby decreasing the soil Pb availability. Decreasing 
the soil Pb availability had positive effects on increasing 
the plant biomass. Angelova et al. investigated the 
effect of organic amendments on the changes in the 
soil chemical properties and concluded that applying 

these amendments had significant effects on decreasing 
the soil heavy metal availability22 that is similar to our 
results. However, they mentioned that the soil sorption 
and desorption properties are dependent on the soil 
chemical factors such as pH. In spite of all the points 
mentioned, the results of this study showed that adding 
sewage sludge and its biochar increased and decreased the 
soil organic matter and soil Pb availability, respectively.  

It is noteworthy to mention that many studies have 
shown that adding sludge to heavy metal polluted 
soil can increase the heavy metals concentration in 
the soil,23-25 but in cases where the soil is naturally 
contaminated with heavy metals, the use of non-
polluted organic matter can help to decrease the heavy 
metal concentration of the soil.26, 27 Generally, sorption 
and desorption is an important factor that regulates 
partitioning of heavy metals between soil liquid and 

Table 6: The effect of sewage sludge and its biochar on degradation of anthracene in soil in a Pb polluted soil under sunflower cultivation
A

nt
hr

a-
ce

ne
(m

g/
kg

)
Se

w
ag

e 
sl

ud
ge

(t
/h

a)

Azetobacter (+) Azetobacter (-)
P.indica (+) P.indica (-) P.indica (+) P.indica (-)

Sewage sludge biochar (mg/kg soil)
0 30 0 30 0 30 0 30

0 0 NM* NM NM NM NM NM NM NM
30 NM NM NM NM NM NM NM NM

12.5 0 55.4q** 59.8m 49.4u 54.1r 52.5s 56.1p 45.1v 49.1u
30 61.9k 69.5 d 54.5r 57.9o 57.4o 60.9l 51.6t 54.3r

25 0 67.3f 70.3 c 62.1 j 65.4 h 65.1 h 68.4 e 58.5n 61.3 k
30 70.9c 78.5 a 63.1 i 66.9 g 67.1 f 71.7b 60.2l 63.1 i

*NM: not measured, ** Means with the similar letters are not significant (P= 0.05), P.indica (+), P.indica (-), Azetobacter (+) and Azetobacter 
(-) are the presence and absence of the Piriformospora indica fungus and Azetobacter, respectively

Table 7: The effect of sewage sludge and its biochar on soil microbial respiration in soil in a Pb polluted soil under sunflower cultivation

A
nt

hr
a-

ce
ne

(m
g/

kg
)

Se
w

ag
e 

sl
ud

ge
(t

/h
a)

Azetobacter (+) Azetobacter (-)
P.indica (+) P.indica (-) P.indica (+) P.indica (-)

Sewage sludge biochar (mg/kg soil)
0 30 0 30 0 30 0 30

0 0 10.1o 10.4n 9.65s 9.72r 9.82q 9.95p 9.42u 9.55t
30 11.51h 11.62g 11.23k 11.37j 11.37j 11.49i 11.11l 11.22k

12.5 0 11.55h 11.62g 11.22k 11.32j 11.35j 11.49i 11.0m 11.13l
30 11.75f 11.82e 11.55h 11.64g 11.62g 11.78f 11.32j 11.42i

25 0 12.00c 12.11b 11.72f 11.82e 11.83e 11.92d 11.55h 11.68g
30 12.17b 12.22a 11.85e 11.94d 12.01c 12.11b 11.71f 11.82e

*Means with the similar letters are not significant (P= 0.05), P.indica (+), P.indica (-), Azetobacter (+) and Azetobacter (-) are the presence 
and absence of the Piriformospora indica fungus and Azetobacter, respectively

Table 8: The effect of sewage sludge and its biochar on catalyze enzyme activity in soil in a Pb polluted soil under sunflower cultivation

A
nt

hr
a-

ce
ne

(m
g/

kg
)

Se
w

ag
e 

sl
ud

ge
(t

/h
a)

Azetobacter (+) Azetobacter (-)
P.indica (+) P.indica (-) P.indica (+) P.indica (-)

Sewage sludge biochar (mg/kg soil)
0 30 0 30 0 30 0 30

0 0 17.00l* 17.21j 16.54q 16.71o 16.78o 16.86n 16.00t 16.22s
30 17.22j 17.37i 16.69p 16.81n 16.89n 16.91m 16.31r 16.51q

12.5 0 17.15k 17.36i 16.85n 17.00l 17.03l 17.22j 16.54q 16.75o
30 17.38i 17.76f 16.96m 17.21j 17.25j 17.32i 16.66p 16.71o

25 0 18.11d 18.32b 17.22j 17.52g 17.76f 18.12d 17.00l 17.21j
30 18.22c 18.59a 17.76f 18.00e 18.11d 18.35b 17.21j 17.44h

*Means with the similar letters are not significant (P= 0.05), P.indica (+), P.indica (-), Azetobacter (+) and Azetobacter (-) are the presence 
and absence of the Piriformospora indica fungus and Azetobacter, respectively
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solid phases and controls its availability.28

 Using sewage sludge biochar also increased the 
plant biomass cultivated in the Pb polluted soil that is a 
positive point in environmental pollution. Application 
of sewage sludge with its biochar may have been able 
to increase the soil C/N ratio, thereby decreasing the 
soil Pb availability.29 Accordingly, decreasing the 
soil Pb availability significantly increased the plant 
biomass. Alaboudi et al. investigated the effect of 
biochar manufactured from agriculture residues and 
concluded that applying these organic amendments 
had significant effects on decreasing the soil heavy 
metal availability30 that is similar to our results. It 
is important to note that biochar application by 
increasing the uptake of nutrients such as phosphorus 
by plants can help to increase the plant biomass.31 
However, biochar has a liming effect when it is applied 
to the soil; therefore, possible increment in soil pH 
might occur.30 Nevertheless, biochar has received 
great attention during the last few years, because of 
its positive role in enhancement of the soil quality 
and plant biomass.32 de Figueiredo et al. investigated 
the short-term effects of a sewage sludge biochar on 
the changes in the soil heavy metal availability and 
reported that the sewage sludge biochar production 
is a suitable technology to transform the sewage 
sludge into a useful product for agro-environmental 
purposes. In addition, they mentioned that applying 
these products had a significant effect on decreasing 
the soil heavy metal availability.33 

According to the results of this study, increasing 
the plant biomass due to applying organic amendments 
significantly increased the anthracene degradation in 
the soil that may be related to the role of plant root 
exudate on increasing the soil microbial activities 
(respiration); thereby increasing the degradation of 
anthracene in the soil. Generally, th plants’ root exudate 
can stimulate the soil enzymatic and microbiological 
processes that have a positive effect on degradation 
of petroleum hydrocarbons in the soil.34

Plant inoculation with P. indica or Azetobacter 
had also a significant effect on increasing the plant 
biomass. However, their additive effects on increasing 
the soil’s microbial respiration and anthracene 
degradation in it cannot be ignored. The important 
point of this research is that plant inoculation with 
Azetobacter directly and indirectly affected o the 
anthracene degradation in the soil. Plant inoculation 
with Azetobacter significantly increased the plant N 
concentration that is an important factor for increasing 
the plant biomass. Plant inoculation with P. indica 
has also shown a positive effect on increasing the 
plant biomass and anthracene degradation in the 
soil. In addition, the co-inoculation of P. indica and 
Azetobacter had additive effects on increasing the 
soil microbial respiration, consequently affecting the 

degradation of anthracene in the soil. 

Abiotic stresses such as heavy metals produce 
oxidative stress in plants by producing reactive 
oxygen species such as H2O2. It is noteworthy to 
mention that ROS can act as a damaging or signaling 
factor, which depends on the equilibrium between 
radical production and scavenging mechanism.35 
Accordingly, finding a suitable way to decrease the 
radical production is necessary. According to the 
results of this study, synergistic effects of Azetobacter 
and P.indica significantly decreased the catalase 
enzyme activity. However, the plant Pb concentration 
and plant biomass were also decreased and increased, 
respectively. Accordingly, it can be concluded that 
measuring the plant Pb toxicity plays an important 
role in the amount of catalase enzyme activity. Aydina 
et al. investigated the effects of Cd and Pb toxicity 
on the amount of catalase enzyme activity in tomato 
plants and concluded that different rates of Pb and 
Cd concentration had direct effects on increasing the 
catalase enzyme activity35 that is similar to the results 
of our studies.

Conclusion

Based on the results of our studies, plant Pb toxicity 
had significant effects on decreasing the plant biomass, 
thereby decreasing the anthracene degradation in the 
soil. Among this, plant inoculation with P.indica or 
Azetobacter, significantly increased the plant biomass 
through increasing the plant’s available micro-nutrients 
or decreasing its Pb concentration. Increasing the soil 
pollution to anthracene significantly increased the soil 
microbial respiration, indicating that micro-organisms 
use anthracene as carbon sources rather than its toxicity. 
However, soil chemical properties have significant 
effects on degradation of anthracene in the soil that 
should be considered in future studies. On the other 
hand, interaction effect of other heavy metal pollution 
with petroleum hydrocarbons should be considered.   
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