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ABSTRACT: The effect of total petroleum hydrocarbons (TPH) levels (4, 6, and 8%), poultry manure (PM), and 

poultry manure biochar (PMB) on yield, and Cu, Zn, Fe, and Mn uptake in oat plant (Avena sativa) was determined. 

The results showed that application of 6 and 8% TPHs levels decreased root and shoot dry weight as compared with 

4% TPHs level but PM and PMB increased that of parameters. On average, shoot Cu, Zn, Fe, and Mn uptake 

decreased in oat plants following the application of 6 and 8% TPHs levels as compared with 4% TPH levels. In 8% 

TPH levels, nutrient uptake significantly reduced by 59.88% for Cu, 52.9% for Zn, 64.61% for Fe, and 62.72% for Mn 

as compared to 4% TPH levels. However, PMB treatments concluded in an increase in Cu, Zn, Fe and Mn uptake by 

about 95.5, 47.2, 52.04, and 82.95% in shoot compare with PMB-unamended treatments, and application of PM 

increased the average of Cu, Zn, Fe, and Mn uptake in oat by 53.46, 31.96, 32.74, and 58.63 % as compared with PM-

unamended treatment. It is concluded that the application of PMB and PM in TPHs contaminated soil could 

significantly improve TPHs dissipation, micronutrient uptake, and growth of oat plants. 

 

                             INTRODUCTION 

Petroleum hydrocarbons are major trouble in the 

environment due to their toxicity [1] and can affect the 

quality of soil and plant growth [2]. Due to the toxicity of 

petroleum hydrocarbons, TPHs contamination of soil could 

be harmful to plants, animals, and human health [3]. 

Petroleum hydrocarbons also decrease the availability of 

water for plants, therefore may limit nutrient available to 

plants and microorganisms [4]. Nutrient deficiency for 

growing plant in TPH contaminated soil has been reported in 

different research [5, 6, and 7] that compensated by using 

amendments [8, 9]. The application of organic fertilizers 

such as poultry manure (PM) [10] is a common method to 

improve soil quality and plant yield. Moreover, biochar 

application has been suggested for soil fertility improvement 

[11-17] and can enhance plant growth by increasing soil 

microbial activity, providing useful nutrients, and improving 

soil structure [14, 17, and 18]. The biochar is made from 

plant residues during the pyrolysis process in the absence of 

oxygen [19]. Degradation of TPH in plant’s rhizosphere 

depended on plant species [20, 21]. Differences in TPH 
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degradation have been shown for some plants such as oat 

[22], barley [23], and maize [24]. Oat (Avena sativa) has 

been indicated to be effective for phytodegradation of TPH 

from soil [22]. In this study, oat plants were selected for 

TPH reduction in soil because of their great root system, 

good oil pollution tolerance, and being a commonly 

cultivated plant in our studied area. Because in TPH pollute 

soil the availability of water and nutrients decreased, and 

fertilizers and/or manures could be applied to increase plant 

yield and TPHs dissipation in soil [8, 25, and 26]. Limited 

information is available about micronutrient uptake in oat 

plants grown in TPHs contaminated soil. Therefore, our 

study objectives included 1) evaluating the toxicity effect of 

TPHs on the uptake of some micronutrients (Fe, Zn, Cu, and 

Mn) by oat plants and degradation of TPH and 2) examining 

the effect of PM and PMB on improving the oat growth, 

TPH degradation, and micronutrient uptake in the oat plant. 

MATERIAL AND METHODS 

Preparation of contaminated soil 

In this research, two soil samples (0-30 cm) were prepared 

from Gypsic Haplustepts (soil 2) and Calcidic Haplustalfs 

(soil 1) in the Gachsaran oil field located in Gachsaran, Iran. 

Soil samples were air-dried in the open air, passed through a 

2-mm sieve, and used to determine of chemical and physical 

properties. Soil analysis included pH in saturated paste [27], 

texture by hydrometer method [28], organic matter (OM) by 

oxidation with chromic acid and titration with ferrous 

ammonium sulfate [29], electrical conductivity in saturation 

extract (ECe) [30], Fe, Mn, Cu, and Zn by extraction with 

diethylenetriamine pentaacetic acid (DTPA) and measuring 

the element concentrations by atomic absorption 

spectrophotometer (Shimadzu AA-670) [31] and that of P 

was measured by spectrophotometer according to Watanabe 

and Olsen method (Table 1). In this study, three TPH levels 

(4, 6, and 8%) were applied. These contamination levels 

were created by mixing different proportions of two types of 

studied soils as follow: 4% TPHs contamination levels (used 

as soil 1 or control), 6% (used as soil 3: soil 1 and soil 2 

mixed in ratio 2:1 w/w) and 8% (used as soil 4: soil 1 and 

soil 2 mixed in ratio 5:1 w/w) (Table 1). For homogeneous 

distribution of the petroleum hydrocarbon pollutants in the 

soils, incubation was done for 2 weeks.  

Table 1. Selected chemical properties of the studied soils. 

Soil samples pH 
ECe 

(dS m
-1

) 

Texture  
OM TPH 

 
Fe Cu Mn Zn 

NaHCO3-P 
(%) (mg kg

-1
) 

Soil 1(4%) 7.62 1.94 Loam  3.72 4.11  1.99 0.21 3.18 0.1 15 

Soil 2(10%) 6.09 2.71 
Sandy 

Loam 
 11.34 10.13  3.36 0.10 3.84 0.23 14 

Soil 3(6%) 6.9 2.01 Loam  6.07 6.16  2.33 0.18 3.45 0.13 14.53 

Soil 4(8%) 7.3 2.3 Loam  7.78 8.08  2.94 0.13 3.62 0.18 14.75 

Note: ECe, Electrical conductivity; CCE, calcium carbonate equivalent; OM, organic matter. 

 

PM and PMB analysis 

Poultry manure (PM) was collected, air-dried, and pyrolyzed 

under oxygen-limited situation at 400 °C using aluminum 

foil, and kept in a furnace for 4 h [11] to produce poultry 

manure biochar (PMB). Then, PM and PMB passed through 

a 2-mm sieve. PH, ECe, OM, and total N in produced PMB 

were determined as similar methods that were mentioned for 

soil. After the PM and PMB dry-ashing and dissolving them 

in 2M HCl [32], the micronutrients concentration such as 

Zn, Fe, Cu, and Mn, were assessed by atomic absorption 

spectrophotometer (Shimadzu, AA-670) [32] (Table 2). 
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Table 2. Selected properties of the studied PM and PMB. 

Properties PM PMB 

pH (1:5 organic material: water) 7.22 9.9 

Electrical conductivity (1:5 organic material: water)(dS m
-1

) 10.2 14.5 

OM (%) 59.8 79.4 

TN (%) 2.99 3.97 

Ash (%) 80.2 64.8 

Total Fe (mg kg
-1

) 1142.5 1732 

Total Cu (mg kg
-1

) 40.65 53.75 

Total Mn (mg kg
-1

) 328.25 425.7 

Total Zn (mg kg
-1

) 224.25 240.6 

Biochar efficiency (%) - 63.9 

 

Pot experiment 

A greenhouse pot experiment was conducted at 30 – 35 ºC 

temperature and 60 – 75% humidity from June 24th to 

November 11th, 2015, to investigate the effects of PM (0 

and 1%), PMB (0 and 1%), and TPH (4, 6 and 8%) levels on 

the yield, uptake of micronutrient, and TPH degradation by 

oat plants (Avena sativa). A completely randomized design 

with three replications were arranged. Based on soil 

analysis, some nutrients were applied to all pots for avoiding 

nutrient deficiency in plants. Ten oat seeds were planted in 3 

kg dry soil of each pot, and soil moisture content was kept at 

about field capacity (20% w/w of soil) by weighing the pots 

every day. No pests were observed in our control conditions 

in the greenhouse. In each pot, Oat seedlings were thinned to 

five uniform plants 15 days after germination. Plant shoots 

and roots before the reproductive stage (140 days after 

cultivation), separated from soil, were washed with distilled 

water, dried in an oven (at 70°C for 48 hours) and ground by 

a grinder. The micronutrients (Zn, Fe, Cu, and Mn) 

concentrations were measured by Shimadzu, AA-670 atomic 

absorption spectrophotometer after dry-ashing the plant parts 

and dissolving them in 2 M HCl [32]. After 140 days, the 

rhizosphere soils of each plant and the soils near 5 to 10 cm 

of an unplanted pots were separated. The soils air-dried at 

room temperature, passed through a 2 mm sieve, and kept at 

4°C before extraction, and considered for soil TPH 

concentrations. The procedure reported by Minai-Tehrani  

 

 

[33], was used for determining TPHs concentrations in soil 

samples.  

Statistical analysis 

Statistical study was performed using SAS version 9.1 (SAS 

Institute, Cary, NC, USA) and Excel statistical software. 

Duncan’s Multiple Range Test (P<0.05) was done for the 

mean differences. 

RESULTS AND DISCUSSION 

Root and shoot dry weight of oat as effected by TPH, PM, 

and PMB levels  

By increasing TPH levels, root and shoot dry weight of oat 

significantly reduced as compared to 4% TPH level (control) 

(Fig 1. a, b). On average, shoot and root dry weight of oat 

reduced significantly by 45.13 and 28.57% at 6% TPHs 

levels and 73.05 and 42.85% at 8% TPH levels in soil, 

respectively, compared with 4% TPHs level (Figure 1. a, b). 

In petroleum-polluted soils, the negative effect of this on 

plant yield and deficiency of nutrients and water led to a 

decrease in plant growth [5, 6, and 7]. Furthermore, 

petroleum hydrocarbons reduced water and nutrient 

availability and changed soil characteristics [34, 35]. 

Significant reduction of the shoot and root dry weight by 

increasing TPH levels was reported by other researchers [36, 

37]. Cheema et al. [38] revealed that the application of 200 
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mg phenanthrene kg-1 and 199 mg pyrene kg-1 decreased 

M.sativa yield by 35%.  

In our study, results showed that oat plant growth improved 

by application of PM and PMB (Figure 1. a, b). Shoot dry 

weight in PM and PMB treatment was significantly higher 

by about 41.49 and 52.7%, as compared to plants cultivated 

in none PM and PMB treated soil, respectively (Figure 1. a).  

Usually, in TPHs contaminated soils, nutrients are low [35], 

consequently, fertilization can be an appropriate way for 

plant growth in this soil [8, 9]. Perhaps because of good 

nutrient concentration, organic carbon, and N in PM and 

PMB (Table 2), plant growth in PM and PMB treated soil 

was greater than in untreated soil (Figure 1. a, b). Various 

researchers have reported that different amendments such as 

farmyard manure, biochar, bamboo and rice straw biochar, 

and chemical fertilizers can stimulate plant growth [39, 40]. 

Chirakkara and Reddy [41] demonstrated that the 

application of biochar and compost increased the sunflower 

and oat yield. Park et al. [42] illustrated that shoot and root 

dry yield increased by 35.3 and 57.2% with the application 

of 1% chicken manure biochar, respectively. This might be 

due to reducing nutrient toxicity and increasing P and K 

availability in soil. The results showed that the highest shoot 

and root dry weight was observed at 4% TPHs in PMB 

amended treatment. The lowest values were observed in 8% 

TPHs in un-amended treatment (Figure 1). 
 

 

            a) Shoot dry weight (g pot
-1

)                                                                         b) Root dry weight (g pot
-1

) 

Figure 1. Average shoot and root dry weight of oat plant at different TPHs, PM, and PMB levels. 

* Means followed by the same letters are not significantly different (p≤0.05) by Duncan’s Multiple Range Test. 
 

Effect of TPH, PM, and PMB levels on shoot micronutrient  

uptake  

Uptake of Zn, Cu, Mn, and Fe in the shoot of oat plant 

decreased with increasing TPHs levels. In 6 and 8% TPHs 

levels, nutrient uptake significantly reduced by 31.67 and 

59.88% for Cu, by 22.8 and 52.9% for Zn, by 33.89 and 

64.61% for Fe, and by 40 and 62.72% for Mn as compared 

to 4% TPHs levels (Figure 2. a-d). Lin et al. [43] reported 

that pyrene decreased shoot and root Cu uptake in maize 

after 4 weeks. 

Copper, Zn, and Fe uptake in the shoot increased 

significantly with the addition of 1% PM and PMB as 

compared to un-amended soil (Figure 2. a-d). The addition 

of PM increased the average of Cu, Zn, Fe, and Mn uptake 

in oat by 53.46, 31.96, 32.74, and 58.63 % compared to PM-

unamended treatment (Figure 2.a-d). The uptake of Cu, Zn, 

Fe, and Mn in soils amended with PMB oat was 

significantly about 95.5, 47.2, 52.04, and 82.95% higher 

than in PMB-unamended soil, respectively (Figure 2a-d).  

Therefore, it is ascertained that PM and PMB utilized 

micronutrients for oat, therefore oat growth was higher in 

PM and PMB treatment. Other research showed that with 

the addition of poultry manure, some nutrients such as N, 

Ca, P, K, Mg, Cu, Zn, and Fe uptake increased in maize 

plants [44]. Moreover, poultry manure improved N, Ca, P, 

Mg, and K uptake and tomato growth [45]. Adeniyan and 

Ojeniyi [46] also observed that maize growth, grain yield, 

and nutrient uptake of the maize plants, increased 
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significantly with the addition of poultry manure. Moreover, 

with the application of biochar, the availability of 

macronutrients increased [19]. In this polluted and 

unpolluted soils, the highest micronutrient uptakes were 

observed in soils amended with PMB whilst the lowest 

values were recorded at the un-amended (Figure 2). 

Increasing nutrient uptake by the addition of biochar in 

plants was expressed by Past researchers [11, 47 and 48]. 

 

a) Cu uptake (µg pot
-1

)                                                                      b) Zn uptake (µg pot
-1

) 

 
c) Fe uptake (µg pot

-1
)                                                              d) Mn uptake (µg pot

-1
) 

 
     Figure 2. Some nutrient uptake in oat shoots at different TPHs, PM, and PMB levels. 

* Means followed by the same letters are not significantly different (p≤0.05) by Duncan’s Multiple Range Test. 
 

TPHs dissipation in soil  

Dissipation rates of three TPHs levels at different treatments 

decreased in the order of 4>6>8 % TPH levels. For example, 

this reduction percentage in oat treated with 1% PMB was 

decreased by about 30.54 and 45.98% at 6 and 8% compared 

to 4% TPHs levels, respectively (Figure 3).  

Besalatpour et al. [49] observed a reduction in TPH 

degradation by increasing its levels. The dissipation rates of 

all three TPHs levels were significantly higher in the oat 

cultivated treatment amended with 1% PMB as compared to 

other treatments (Figure 3). In cultivated treatments, TPH 

reduction percentage by adding 1% PMB significantly 

increased by about 15.59, 23.81, and 25.41% at 4, 6, and 8% 

TPH levels as compared with un-amended soil, respectively 

(Figure 3). Therefore, in the soil amended with PMB, TPHs 

dissipation was invreased. But the effect of PMB on TPHs 

dissipation rate in unplanted treatment was not significant 

(Figure 3). Similar reports showed that the application of 

biochar decreased the PAHs concentrations in soil by about 

50% [50]. Organic fertilizers can affect TPHs degradation in 

planted soil [20, 21, and 51]. Oat cultivation significantly 

increased the dissipation of TPHs (Figure 3). Results 

showed that in plants without PMB treatment percentage of 

rhizosphere TPHs reduction increased significantly by 

77.33, 51.92, and 49.39% at 4, 6 and 8% TPHs levels as 

compared to unplanted soil. Reduction of phenanthrene and 

pyrene concentrations by about 92 and 88% in the soil after 
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60 days was observed in maize cultivated soil, respectively 

[52]. Dissipation of TPHs in planted soil might be through 

degradation by soil microorganisms in planted soil [53]. 

However, in unplanted soils, adsorption, leaching, 

evaporation, biodegradation, and oxidation in the presence 

of light could reduce pollution in these soils [53]. The use of 

plants significantly increased the TPH reduction percentage 

by enhancing soil physical properties and the activity of oil-

degrading bacteria [54]. 

 

Figure 3. Average of TPHs reduction percentage at different treatments. 

* Means followed by the same letters are not significantly different (p≤0.05) by Duncan’s Multiple Range Test. 
 

CONCLUSIONS 

Results showed that shoot and root dry matter yield of oat 

plants decreased significantly by increasing TPH levels in 

the soil. Micronutrient (Cu, Zn, Fe, and Mn) uptake in shoot 

and TPH reduction percentage was lower in the high TPH 

levels. Application of PMB and PM in the TPH 

contaminated soil significantly improved TPH dissipation, 

micronutrient uptake, and growth of oat plants. Increasing 

dissipation of TPH in oat-cultivated soil with PMB or PM 

might be due to the root growth improving. Further studies 

must be done to understand the mechanism of root exudate 

for TPH degradation, metal bioavailability, and microbial 

community in TPH contaminated soils. 

Conflict of interests 

The authors declare no conflicts of interest. 

REFERENCES 

1. Teng Y., Shen Y., Luo Y., Sun X., Sun M., Fu D., Li Z., 

Christie P. 2011. Influence of Rhizobium meliloti on 

phytoremediation of polycyclic aromatic hydrocarbons by  

 

 

alfalfa in an aged contaminated soil. J Hazard Mater. 186(2-

3), 1271-6. doi: 10.1016/j.jhazmat.2010.11.126. 

2. Khan F.I., Husain T., Hejazi R. 2004. An overview and 

analysis of site remediation technologies. J Environ Manage. 

71(2), 95-122. doi: 10.1016/j.jenvman.2004.02.003. 

3. Huang X.D., El-Alawi Y., Penrose D.M., Glick B.R., 

Greenberg B.M., 2004. A multi-process phytoremediation 

system for removal of polycyclic aromatic hydrocarbons 

from contaminated soils. Environ Pollut. 130(3), 465-476. 

doi: 10.1016/j.envpol.2003.09.031 

4. Xu J.G., Johnson R.L., 1997. Nitrogen dynamics in soils 

with different hydrocarbon contents planted to barley and 

field pea. Can J Soil Sci. 77(3), 453-8. 

5. Merkl N., Schultze-Kraft R., Infante C., 2005. 

Phytoremediation in the tropics–influence of heavy crude oil 

on root morphological characteristics of graminoids. 

Environ Pollut. 138(1), 86-91.  



M. Barati & S. Safarzadeh Shirazi / Journal of Chemical Health Risks 14(1) (2024) 87-95 

93 

 

6. Kechavarzi C., Pettersson K., Leeds-Harrison P., Ritchie 

L., Ledin S., 2007. Root establishment of perennial ryegrass 

(L. perenne) in diesel contaminated subsurface soil layers. 

Environ Pollut. 145(1), 68-74.  

7. Ayotamuno J.M., Kogbara R.B., 2007. Determining the 

tolerance level of Zea mays (maize) to a crude oil polluted 

agricultural soil. Afr J Biotechnol. 6(11), 1332-1337. 

8. Hutchinson S.L., Schwab A.P., Banks M.K., 2001. 

Phytoremediation of aged petroleum sludge: effect of 

irrigation techniques and scheduling. J Environ Qual. 30(5), 

1516-22. doi:10.2134/jeq2001.3051516x. 

9. Lin Q., Mendelssohn I.A., 1998. The combined effects of 

phytoremediation and biostimulation in enhancing habitat 

restoration and oil degradation of petroleum contaminated 

wetlands. Ecolo Eng. 10(3), 263-74. doi: 10.1016/S0925-

8574 (98)00015-9. 

10. Amadi A., Dickson A.A., Maate G.O., 1993. 

Remediation of oil polluted soils: 1. Effect of organic and 

inorganic nutrient supplements on the performance of maize 

(Zea mays L.). Water Air Soil Pollut. 66(1), 59-76. 

doi:10.1007/BF00477060. 

11. Lehmann J., Gaunt J., Rondon M., 2006. Bio-char 

sequestration in terrestrial ecosystems–a review. Mitig 

Adapt Strateg Glob Chang. 11(2), 403-27.  

12. Chan K.Y., Van Zwieten L., Meszaros I., Downie A., 

Joseph S., 2007. Agronomic values of greenwaste biochar as 

a soil amendment. Soil Res. 45(8), 629-34. 

doi:10.1071/SR07109. 

13. Novak J.M., Busscher W.J., Laird D.L., Ahmedna M., 

Watts D.W., Niandou M.A., 2009. Impact of biochar 

amendment on fertility of a southeastern coastal plain soil. 

Soil Sci. 174(2), 105-12.  

14. Major J., Steiner C., Downie A., Lehmann J., 2012. 

Biochar effects on nutrient leaching. In: Biochar for 

environmental management. Routledge. pp. 303-320.  

15. Yuan J.H., Xu R.K., 2011. The amelioration effects of 

low temperature biochar generated from nine crop residues 

on an acidic Ultisol. Soil Use Manage. 27(1), 110-115. 

doi:10.1111/j.1475-2743.2010.00317.x. 

16. Lehmann J., Rillig M.C., Thies J., Masiello C.A., 

Hockaday W.C., Crowley D., 2011. Biochar effects on soil 

biota–a review. Soil Biol Biochem. 43(9), 1812-36. doi: 

10.1016/j.soilbio.2011.04.022. 

17. Paz-Ferreiro J., Lu H., Fu S., Mendez A., Gasco G. 

2014. Use of phytoremediation and biochar to remediate 

heavy metal polluted soils: a review. Solid Earth. 5(1), 65-

75. doi:10.5194/se-5-65-2014. 

18. Karhu K., Mattila T., Bergström I., Regina K., 2011. 

Biochar addition to agricultural soil increased CH4 uptake 

and water holding Capacity-Results from a short-term pilot 

field study. Agric Ecosyst Environ. 140(1-2), 309-313. doi: 

10.1016/j.agee.2010.12.005. 

19. Glaser B., Birk J.J., 2012. State of the scientific 

knowledge on properties and genesis of Anthropogenic Dark 

Earths in Central Amazonia (terra preta de Índio). 

Geochimica et. Cosmochimica Acta. 82, 39-51. doi: 

10.1016/j.gca.2010.11.029. 

20. Kamath R., Rentz J.A., Schnoor J.L., Alvarez P.J. 2004. 

Phytoremediation of hydrocarbon-contaminated soils: 

principles and applications. Department of Civil and 

Environmental Engineering, Seaman’s Center, University of 

Iowa, Iowa City, Iowa, U.S.A. 52242. doi: 10.1016/S0167-

2991 (04)80157-5. 

21. Tang J.C., Wang R.G., Niu X.W., Wang M., Chu H.R., 

Zhou Q.X., 2010. Characterisation of the rhizoremediation 

of petroleum-contaminated soil: effect of different 

influencing factors. Biogeosciences 7(12), 3961-9. 

doi:10.5194/bg-7-3961-2010. 

22. Miya R.K., Firestone M.K., 2001. Enhanced 

phenanthrene biodegradation in soil by slender oat root 

exudates and root debris. J Environ Qual. 30(6), 1911-8. 

doi:10.2134/jeq2001.1911. 

23. Asiabadi F.I., Mirbagheri S.A., Najafi P., Moatar F., 

2014. Phytoremediation of petroleum-contaminated soils 

around Isfahan Oil Refinery (Iran) by sorghum and barley. 

Curr World Environ. 9(1), 65. doi:10.12944/CWE.9.1.10. 

24. Liao C., Xu W., Lu G., Deng F., Liang X., Guo C., Dang 

Z., 2016. Biosurfactant-enhanced phytoremediation of soils 

contaminated by crude oil using maize (Zea mays. L). Ecolo 

Eng. 92, 10-7. doi: 10.1016/j.ecoleng.2016.03.041. 

25. Pilon-Smits E., 2005. Phytoremediation. Annu Rev Plant 

Biol. 56, 15-39.  

26. Asadollahi A., Zamani J., Hajabbasi M.A., Schulin R., 

2016. Using maize (Zea mays L.) and sewage sludge to 

https://doi.org/10.1016/S0925-8574
https://doi.org/10.1016/S0925-8574
https://doi.org/10.1111/j.1475-2743.2010.00317.x


M. Barati & S. Safarzadeh Shirazi / Journal of Chemical Health Risks 14(1) (2024) 87-95 

94 

 

remediate a petroleum-contaminated calcareous soil. Soil 

and Sediment Contem Int J. 25(1), 26-37. doi: 

10.1080/15320383.2016.1085835. 

27. Thomas G.W., 1996. Soil pH and soil acidity. In: 

Methods of Soil Analysis, Part 3- Chemical Methods. 3rd 

ed. Madison (WI): America Soc Agron. pp. 475-490. 

28 .Gee G.W., Bauder J.W., 1986. Particle size of analysis, 

hydrometer method. Method of Soil Analysis, Part III, 3rd 

edn. ASA and SSSA, Madison. pp. 383-411. 

29. Nelson D.W., Sommers L.E., 1996. Total carbon, 

organic carbon, and organic matter. Methods of soil 

analysis: Part III, 3rd edn. ASA and SSSA, Madison. pp. 

961-1010. 

30. Rhoades J.D., 1996. Salinity: Electrical conductivity and 

total dissolved solids. Methods of soil analysis Part III, 3rd 

edn. ASA and SSSA, Madison. pp. 417-436. 

31. Lindsay W.L., Norvell W.A., 1978. Development of a 

DTPA soil test for zinc, iron, manganese, and copper. Soil 

Sci Soc Am J. 42(3), 421-8. 

32. Chapman H.D., Pratt P.F., 1961. Methods of Analysis 

for Soils, Plants and Waters. University of California 

Division of Agricultural Science. pp. 60. 

33. Minai-Tehrani D., Herfatmanesh A., 2007. 

Biodegradation of aliphatic and aromatic fractions of heavy 

crude oil–contaminated soil: A pilot study. Biorem J. 11(2), 

71-6. doi:10.1080/10889860701351589. 

34. Bossert I., Bartha R., 1985. Plant growth in soils with a 

history of oily sludge disposal. Soil Sci. 140(1), 75-7. 

35. Wenzel W.W., 2009. Rhizosphere processes and 

management in plant-assisted bioremediation 

(phytoremediation) of soils. Plant Soil. 321(1), 385-408. 

36. Chaineau C.H., Morel J.L., Oudot J., 1997. Phytotoxicity 

and plant uptake of fuel oil hydrocarbons. J Environ Qual. 

26(6), 1478-1483. 

37. Brandt R., Merkl N., Schultze-Kraft R., Infante C., Broll 

G., 2006. Potential of vetiver (Vetiveria zizanioides L. Nash) 

for phytoremediation of petroleum hydrocarbon-

contaminated soils in Venezuela. Int J Phytoremediation. 

8(4), 273-84. doi:10.1080/15226510600992808. 

38. Cheema S.A., Khan M.I., Shen C., Tang X., Farooq M., 

Chen L., Zhang C., Chen Y., 2010. Degradation of 

phenanthrene and pyrene in spiked soils by single and 

combined plants cultivation. J Hazard Mater. 177(1-3), 384-

9. doi: 10.1016/j.jhazmat.2009.12.044. 

39. Pichtel J., Liskanen P., 2001. Degradation of diesel fuel 

in rhizosphere soil. Environ Eng Sci. 18(3), 145-57. 

doi:10.1089/109287501750281040. 

40. Hamzah A., Kusuma Z., Utomo W.H., Guritno B., 2012.  

Siam weeds (Chromolaena odorata L.) for 

phytoremediation of artisanal gold mine tailings. J Trop 

Agri. 50(1), 88-91. 

41. Chirakkara R.A., Reddy K.R., 2015. Biomass and 

chemical amendments for enhanced phytoremediation of 

mixed contaminated soils. Ecolo Eng. 85, 265-74. doi: 

10.1016/j.ecoleng.2015.09.029. 

42. Park J.H., Choppala G.K., Bolan N.S., Chung J.W., 

Chuasavathi T., 2011. Biochar reduces the bioavailability 

and phytotoxicity of heavy metals. Plant Soil. 348(1), 439-

51. 

43. Lin Q., Mendelssohn I.A., 2008. Determining tolerance 

limits for restoration and phytoremediation with Spartina 

patens in crude oil-contaminated sediment in greenhouse. 

Arch Agron Soil Sci. 54(6), 681-90. 

doi:10.1080/03650340802253937. 

44. Ayeni L.S., Adetunji M.T., OjeniyiS.O., Ewulo B.S., 

Adeyemo A.J., 2008. Comparative and cumulative effect of 

cocoa pod husk ash and poultry manure on soil and maize 

nutrient contents and yield. Am -Eurasian J Sustain Agric. 

2(1), 92-97. 

45. Akanni D.I., Ojeniyi S.O., 2007. Effect of different 

levels of poultry manure on soil physical properties, 

nutrients status, growth and yield of tomato (Lycopersicon 

esculentum). J Agron. 1(1), 1-4. 

46. Adeniyan O.N., Ojeniyi S.O., 2005. Effect of poultry 

manure, NPK 15-15-15 and combination of their reduced 

levels on maize growth and soil chemical properties. 

Nigerian J Soil Sci. 15, 34-41. 

47. Uzoma K.C., Inoue M., Andry H., Fujimaki H., Zahoor 

A., Nishihara E., 2011. Effect of cow manure biochar on 

maize productivity under sandy soil condition. Soil Use 

Manag. 27(2), 205-212. 

48. Nigussie A., Kissi E., Misganaw M., Ambaw G., 2012. 

Effect of biochar application on soil properties and nutrient 

uptake of lettuces (Lactuca sativa) grown in chromium 



M. Barati & S. Safarzadeh Shirazi / Journal of Chemical Health Risks 14(1) (2024) 87-95 

95 

 

polluted soils. Am-Eurasian J Agric Environ Sci. 12(3), 369-

376. 

49. Besalatpour A.A., Hajabbasi M.A., Khoshgoftarmanesh 

A.H., 2010. Reclamation of a petroleum-contaminated 

calcareous soil using phytostimulation. Soil Sediment 

Contam. 19(5), 547-59.  

50. Beesley L., Moreno-Jiménez E., Gomez-Eyles J.L., 

Harris E., Robinson B., Sizmur T., 2011. A review of 

biochars’ potential role in the remediation, revegetation and 

restoration of contaminated soils. Environ. Pollut. 159(12), 

3269-3282. 

51. Ogbonnaya U., Semple K.T., 2013. Impact of biochar on 

organic contaminants in soil: a tool for mitigating risk? 

Agron. 3(2), 349-75. doi:10.3390/agronomy3020349. 

52. Xu S.Y., Chen Y.X., Wu W.X., Wang K.X., Lin Q., 

Liang X.Q., 2006. Enhanced dissipation of phenanthrene 

and pyrene in spiked soils by combined plants cultivation. 

Sci Total Environ. 363(1-3), 206-215. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

53. Escalante-Espinosa E., Gallegos-Martínez M.E., Favela-

Torres E., Gutiérrez-Rojas M., 2005. Improvement of the 

hydrocarbon phytoremediation rate by Cyperus laxus Lam. 

inoculated with a microbial consortium in a model system. 

Chemosphere. 59(3), 405-13.  

54. Liste H.H., Prutz I., 2006. Plant performance, 

dioxygenase-expressing rhizosphere bacteria, and 

biodegradation of weathered hydrocarbons in contaminated 

soil. Chemosphere. 62(9), 1411-1420. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



M. Barati & S. Safarzadeh Shirazi / Journal of Chemical Health Risks 14(1) (2024) 87-95 

96 

 

 

 

 

 


