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Fig. 1- Mean comparison the effect of interaction (biochar and compost) species and treatment on amount of Ni TF.
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Fig. 2- Mean comparison the effect of interaction (biochar and compost) species and treatment on amount of Ni BCFroot.
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Fig. 3- Mean comparison the effect of interaction (biochar and compost) species and treatment on amount of Ni BCFshoot.
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Table 2. ANOVA table of F values for the effects of species and treatments and their interaction on TF, BCFroot, BCFshoot and RF.
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Table 3. ANOVA table of F values for the effects of species and treatments and their interaction on soil characteristics.
p F Olaypo (u&ilo Pee ) o3l a0 Ol gt 2o
Mean Square variable df S.0.Vv
< 0.0001 29.84 0.087™ 2 speciesaiss
< 0.0001 162.77 0.474™ 4 treatment Lo
< 0.0001 6.38 0.019" pH 8 et x 4355
species x treatment
0.003 60 error Uas
0.72 % CVal s oo po
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0.016 2.60 0.014" oS eelaa oL 8 P
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2.92 % CV Ol s o o
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< 0.0001 29.05 4530.29"™ 4 treatment Lo.s
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05229 090 0619 5 Pl 8 e 5
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*. ** 1 <0.05, p <0.01, ns not significant.
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Table 4. ANOVA table of F values for the effects of species and treatments and their interaction on plant species morphological characteristics.

@ol3 a0

Mean Square variable df S.0v
< 0.0001 21.00 4751.64™ speciesaiss
<0.0001 23.21 5251.24™ 4 treatment L5
0.0457 2.14 483.63* e sk 8 Eadohcd
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12.05 St 2
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12.42 el 2
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1221 Sl b
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Introduction: Increasing pollution in water and soil has caused large environmental problems. The contamination
of soil and water resources with various organic and inorganic compounds is important because of the close
relationship between living organisms and nutrition, in terms both of environmental and human health, due to their
direct involvement in supplying food for living organisms. This study was done with the purpose of introducing and
investigating rangeland plants, namely Stipagrostis plumosa, Calotropis procera and Medicago sativa, under two
types of treatments - urban waste compost and biochar - at three levels (0, 1 and 2 percentage) under greenhouse
conditions for the remediation of contaminated soils with heavy metal Ni.

Materials and methods: The soils used in this study were collected from the traditional petroleum-contaminated
Pazanan in Gachsaran. This experiment was conducted in a completely randomized design with 5 replications. After
a six-month planting period, the aerial and underground parts of plants have collected and some soil important
characteristics and plant morphological properties and metals were measured. ICP-OES was used for Ni
measurement. For statistical analysis of the measured data, an analysis of variance was applied using SPSS software
with comparison of data from the Duncan test. The translocation factor, remediation factor and biological
aggregation factor were all addressed for assessment of the plants’ potential.

Results and discussion: Results showed that the amount of TF Ni in S. plumose was greater and the translocation
factor higher than one and significantly greater than for C. procera and M.sativa. According to this result, the
amount of TF in S. plumosa is greater than one, as S. plumosa with phyto-extraction can be attracted during the
procedure and the extraction of nickel from the soil. C. procera had the highest RF for nickel under the biochar 1
and 2 percentage treatment with a rate of 0.08, when the least amount of RF was found for S. plumosa and the
control sample with rate 0.02. Results showed that Biochar and urban waste compost treatments increase both soil
pH and EC compared to the control treatment. The results indicated that biochar 2 % has the highest amounts of
nitrogen, potassium and phosphorus among all treatments. Mean comparison showed that the 2% urban waste
compost treatment had the highest percentage of organic carbon and the control treatment showed the lowest
percentage of soil organic carbon. Mean comparison indicated that CEC in the biochar 2 % treatment was the
highest and in the control treatment was the lowest. The results indicated that the effects of treatments on
morphological characteristics are significant, the treatments used in this study having increased the stem length, root
length, root volume, root dry weight, shoot dry weight and total dry weight compared to the control treatment.
Generally speaking, the biochar 2 % treatment led to the highest root length, stem length, root volume, root dry
weight, shoot dry weight and total dry weight.

Conclusion: Generally, S. plumosa is an appropriate plant for absorbing and extracting Ni through phyto-extraction,
while the biochar 2% treatment demonstrated the highest effect on promoting the phyto-remediation of Ni.
Therefore, according to these results, S. plumosa is an appropriate plant for Ni remediation in soils contaminated by
petroleum products.

Keywords: Ni, Biochar, Urban waste compost, Calotropis procera, Stipagrostis plumose, Medicago sativa.
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