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			Abstract

			In this study, the removal possibilities of Ni from contaminated soil using perennial rosemary (Rosmarinus officinalis) plants were investigated. This decontamination process was conducted adding citric acid (C6H8O7) and humic acid. Increasing dose of Ni (0, 50, 100, 200 and 400mg Ni kg-1), 0.005mM citric acid and 2% humic acid were added to the test soil in the pots and incubated under controlled conditions for a month. The seedlings of rosemary plant were transferred to the pots and they were grown for 45 days. At the end of the experiments, dry weight of plant tissues and the concentrations of Ni, nitrogen (N), phosphorus (P), potassium (K), calcium (Ca), magnesium (Mg), iron (Fe), zinc (Zn), manganese (Mn), and copper (Cu) were determined. The treatments of citric acid and humic acid were increased the Ni uptake of plants. As a result of the experiments, it has been determined that the rosemary plant has accumulated 189µg plant-1 in 400mg Ni kg-1 application, and 246g plant-1 in 400mg Ni kg-1 + citric acid application and 216µg plant-1 in 400mg Ni kg-1 + humic acid application. The results showed that the rosemary plant has the potential phytoextractor plant in decontamination process with citric acid and humic acid.
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			Introduction

			The changes in the properties of agricultural soils via human activities (mining activities, application of treated sludge to agricultural soils, usage of fertilizers and pesticides, etc.) are the main factors of increase metal ions concentrations of soils and these release of metal ions in soil has serious effects on living organisms [1,2]. Clean-up, reclamation and decontamination process of metal-contaminated areas are difficult due to metals being non-degradable, unlike organic compounds [3]. Nickel (Ni), has a special place between heavy metals, is a component of Ni urease, unlike some heavy metals, and are required for some plant species in a small amount (0.01 to 5µg g-1 dry weight). However, Ni is not essential for plant metabolism and can be toxic at high concentrations [4]. Some plant species can accumulate Ni even at high concentration in the above-ground parts and they called as “Ni-phytoextractor” [5]. Phytoextraction is defined as the direct use of green plants for removal or treatment of pollutants for soil, surface waters and groundwater [6]. It is stated that the plant to be used in phytoextraction process should be deep-rooted, have high adaptability to climate change and soil type, and should have the ability to produce abundant green parts to accumulate large amounts of metal ions [7]. It is accepted by many researchers that 

the phytoremediation method, which is one of the most suitable methods for the biological treatment of heavy metals in soil, is an environmentally friendly and economical way [8-11]. Almost all the different types and varieties of plants have the potential to absorb different metals from the soil. Plants which can tolerate some heavy metals with very high concentrations that can be toxic to any known organism are called “hyperaccumulators” [12]. Synthetic or organic acids (e.g. citric, EDTA, tartaric, pyruvic, fumaric) and other organic acids, which have a low molecular weight, can enhance the accumulation of metals in plant parts by effectively removing heavy metals from the heavy metals contaminated soils [13]. 

			The aim of this study was to determine the phytoextraction capacity of the rosemary (Rosmarinus officinalis) grown in Ni-contaminated soil and the effects of citric acid and humic acid application on phytoextraction capacity of rosemary. In addition, whether the rosemary (Rosmarinus officinalis) plant is a Ni-hyperaccumulator plant or not, and its importance for the use in the phytoextraction process has been investigated with increasing Ni concentrations.

			Materials and Method

			Materials and experimental setup

			Commercial citric acid monohydrate (C6H8O7, Merck 100244, 99.5% purity) was used in the experiments as citric acid (0.005mM) source and leonardite was used as the source of humic acid (2%). Leonardite contains humic acid and fulvic acid as 20% W/W (pH range was 3.5-5.5), and 2% humic acid has been prepared from leonardite. 

			In the experiments, rosemary (Rosmarinus officinalis) plant was used as the plant material. This needle-tipped and a small-leaved plant is a member of the Lamiaceae family. This fragrant plant, which is approximately 1-2m in length, does not spill its leaves in winter and has a strong aroma like the smell of camphor or eucalyptus [14].

			In this study, the rosemary plant was rooted for 3 months with the cutting method. By the way, the soil characterization was determined. The soil samples used in pot experiment was taken from the Artuklu in Mardin-Turkey from 0-30cm depth, as indicated by Jackson [15]. Then the collected soil was air-dried, passed through a 4mm sieve and 2kg air-dried soil filled into the pots. The soil sample was passed through a 2-mm mesh sieve for characterization of soil content which was given in Table 1.

			Table 1: Physical and chemical properties of soil used in the experiments.

			
				
					
					
					
				
				
					
							
							Parameters

						
							
							Results

						
							
							References

						
					

					
							
							Texture

						
							
							Clay-loam

						
							
							[16]

						
					

					
							
							pH 

						
							
							7.52

						
							
							[17]

						
					

					
							
							Salt

						
							
							0.18%

						
							
							[18]

						
					

					
							
							CaCO3

						
							
							8.20%

						
							
							[19]

						
					

					
							
							Organic Matter

						
							
							2.02%

						
							
							[20]

						
					

					
							
							Field Capacity

						
							
							29.40%

						
							
							[21]

						
					

					
							
							N

						
							
							1.08%

						
							
							[22]

						
					

					
							
							P

						
							
							12.6 P2O5

						
							
							[23]

						
					

					
							
							K

						
							
							80.1 K2O

						
							
							[24]

						
					

					
							
							Fe

						
							
							20.7mg kg-1

						
							
							[25]

						
					

					
							
							Cu

						
							
							4.24mg kg-1

						
					

					
							
							Mn

						
							
							58.7mg kg-1

						
					

					
							
							Zn 

						
							
							6.15mg kg-1

						
					

					
							
							Ni

						
							
							3. 29mg kg-1

						
					

				
			

			The soil texture was determined as clay loam and the soil was slightly saline (0.18%), slightly alkaline (7.52), moderately lime (8.20%) with moderate organic matter content. The nutrient element (N, P, K, Fe, Cu, Mn and Zn) concentrations of the soil were obtained high. 

			Increasing concentration of Ni (0, 50, 100, 200 and 400mg Ni kg-1) with 0.005mM citric acid and 2% humic acid were applied to the soil and incubated for 4 weeks. After the incubation period, the rooted plants were transferred to the pots which included Ni-contaminated soil. The pot experiment was conducted in a greenhouse under controlled conditions for 45 days and they were irrigated with pure water in soil field capacity of 60-80% during the experiment. The triple randomized block design was used in this experiment. 

			At the end of the experiment, the plants were harvested approximately 1 cm above the soil surface and washed with pure water and dried for 48 hours at 65°C in a drying cabinet until reaching the constant weight. After taking of dry weights of plants, the samples were grounded in a mill (Retsch RM 200) for plant analysis. Trial results were evaluated green part of plant. The samples of the milled plants were dissolved in the microwave (MarsXpress CEM) with nitric acid (HNO3) and Ni, P, K, Ca, Mg, Fe, Zn, Cu and Mn concentrations were measured in Inductively Coupled Plasma-Atomic Emission Spectrometer (Agilent 7500ce Model ICP-MS). 

			Statistical analysis

			The data obtained from the experiments were evaluated according to the factorial trial design using SPSS 22.0 statistical analysis program and grouped with the Duncan test according to [26].

			Results and Discussion

			Elemental uptake of rosemary

			The N, P, K, Ca and Mg uptake of rosemary by Ni applications were statistically significant at the level of p≤0.01 (Table 2). When the effect of different concentration of Ni applications on the N concentrations of the plants was examined, decreased values in all applications compared to the control group were observed. Likewise, a reduction of N concentration in plants with only Ni applications was observed compared to the control group. Moreover, for P concentration, an increase in the concentrations of 50 and 100mg kg-1 Ni + citrate was determined and then the concentration of P in plants was decreased. By the way, P concentration in rosemary increased at the treatment of humic acid compared to control. Additionally, K concentrations were shown a significantly decreases at the concentrations from 0 to 400mg Ni kg-1 in the treatment of Ni + citric acid compared to Ni and Ni + humic acid treatments. Also, while the K concentration increased at the concentrations of 50 and 100mg Ni kg-1 humic acid, decreases were observed at the other concentration of Ni + humic acid. Meanwhile, Ca concentrations showed a different trend in the concentration of Ni + citric acid. The Ca concentration in rosemary increased from 0 to 100 mg Ni kg-1 concentration and the decreases have been observed after this Ni concentration. On the other hand, Mg concentrations were increased in Ni treatment at the concentration of 50 and 100mg Ni kg-1 and in all treatments of Ni + citric acid, while decreasing in all Ni + humic acid treatment with compared to the control (0mg Ni kg-1) (Table 2). Dağhan et al. [27] and Brune & Deitz [28] reported that N, P, and K concentration in tobacco, and P, K, and Ca concentration in barley was decreased with increasing Ni concentrations, respectively.

			Table 2: The effect of different concentration of Ni with citric acid and humic acid in soil on N, P, K, Ca and Mg concentrations in rosemary (n=3).

			
				
					
					
					
					
					
					
					
					
				
				
					
							
							
							Treatments

						
							
							Dose (mg Ni kg-1)

						
							
							N (g kg-1)

						
							
							P

						
							
							K

						
							
							Ca

						
							
							Mg

						
					

					
							
							(mg kg-1)

						
					

					
							
							Rosmarinus Officinalis

						
							
							Ni

						
							
							0

						
							
							3.68 a

						
							
							45.6 ab

						
							
							875 b

						
							
							123 a

						
							
							29.5 c-e

						
					

					
							
							50

						
							
							2.83 de

						
							
							36.9 d

						
							
							845 bc

						
							
							121 ab

						
							
							33.8 a-c

						
					

					
							
							100

						
							
							2.59 d-f

						
							
							37.4 cd

						
							
							789 b-d

						
							
							115 bc

						
							
							37.8 a

						
					

					
							
							200

						
							
							2.49 ef

						
							
							28.3 ef

						
							
							778 c-e

						
							
							106 d

						
							
							28.8 c-e

						
					

					
							
							400

						
							
							2.40 fg

						
							
							27.3 f

						
							
							749 de

						
							
							105 d

						
							
							27.8 de

						
					

					
							
							Ni + Citric Acid

						
							
							0

						
							
							3.58 ab

						
							
							45.5 a-c

						
							
							1074 a

						
							
							89.6 gh

						
							
							25.3 e

						
					

					
							
							50

						
							
							3.40 ab

						
							
							51.3 a

						
							
							538 g

						
							
							103 d-f

						
							
							27.8 de

						
					

					
							
							100

						
							
							3.40 ab

						
							
							45.8 ab

						
							
							461 gh

						
							
							125 a

						
							
							29.2 c-e

						
					

					
							
							200

						
							
							2.95 cd

						
							
							24.9 f

						
							
							427 h

						
							
							111 cd

						
							
							30.0 b-e

						
					

					
							
							400

						
							
							2.06 g

						
							
							23.6 f

						
							
							330 ı

						
							
							85.2 h

						
							
							35.0 ab

						
					

					
							
							Ni + Humic Acid

						
							
							0

						
							
							3.54 ab

						
							
							36.3 de

						
							
							766 c-e

						
							
							104 de

						
							
							33.6 a-c

						
					

					
							
							50

						
							
							3.27 bc

						
							
							49.2 a

						
							
							794 b-d

						
							
							96.6 e-g

						
							
							30.7 b-d

						
					

					
							
							100

						
							
							2.65 d-f

						
							
							50.7 a

						
							
							790 b-d

						
							
							95.5 fg

						
							
							29.6 c-e

						
					

					
							
							200

						
							
							2.58 d-f

						
							
							49.2 a

						
							
							692 ef

						
							
							93.3 g

						
							
							28.1 de

						
					

					
							
							400

						
							
							2.58 d-f

						
							
							40.5 b-d

						
							
							637 f

						
							
							91.9 gh

						
							
							27.9 de

						
					

					
							
							 

						
							
							 

						
							
							F

						
							
							21.3**

						
							
							18.0**

						
							
							59.8**

						
							
							31.7**

						
							
							5.31**

						
					

				
			

			(**) p≤0.01 statistically significant within error bounds.

			The uptake of Fe, Zn, Mn, and Cu nutrient elements by rosemary plant from Ni-contaminated soil were statistically significant at the level of p≤0.01 (Table 3). While Fe and Mn uptake of rosemary plant was increased with the organic acid treatment compared to the without organic acids treatments, concentrations of Fe, Mn, and Cu were decreased in rosemary plant with Ni treatments compared to control. 

			Table 3: The effect of different concentration of Ni with citric acid and humic acid in soil on Fe, Zn, Mn and Cu concentrations in rosemary (n=3).

			
				
					
					
					
					
					
					
					
				
				
					
							
							
							Treatments

						
							
							Dose (mg Ni kg-1)

						
							
							 Fe 

						
							
							 Zn

						
							
							 Mn

						
							
							 Cu

						
					

					
							
							(mg kg-1)

						
					

					
							
							Rosmarinus Officinalis

						
							
							Ni

						
							
							0

						
							
							53.1 b-d

						
							
							0.74 a-c

						
							
							4.04 bc

						
							
							0.53 a

						
					

					
							
							50

						
							
							50.4 b-d

						
							
							0.57 de

						
							
							3.07 e-g

						
							
							0.45 b-d

						
					

					
							
							100

						
							
							49.7 b-d

						
							
							0.60 b-e

						
							
							2.90 gh

						
							
							0.40 c-f

						
					

					
							
							200

						
							
							45.5 de

						
							
							0.55 de

						
							
							2.63 gh

						
							
							0.38 c-g

						
					

					
							
							400

						
							
							39.7 e

						
							
							0.59 b-e

						
							
							2.37 h

						
							
							0.35 e-h

						
					

					
							
							Ni + Citric Acid

						
							
							0

						
							
							75.8 a

						
							
							0.53 de

						
							
							4.52 ab

						
							
							0.46 a-c

						
					

					
							
							50

						
							
							55.1 bc

						
							
							0.76 ab

						
							
							3.79 c

						
							
							0.43 c-e

						
					

					
							
							100

						
							
							52.9 b-d

						
							
							0.62 b-e

						
							
							3.57 c-e

						
							
							0.37 d-h

						
					

					
							
							200

						
							
							46.6 c-e

						
							
							0.48 e

						
							
							3.48 c-f

						
							
							0.34 f-h

						
					

					
							
							400

						
							
							44.3 de

						
							
							0.46 e

						
							
							2.96 fg

						
							
							0.30 h

						
					

					
							
							Ni + Humic Acid

						
							
							0

						
							
							75.7 a

						
							
							0.55 de

						
							
							4.92 a

						
							
							0.51 ab

						
					

					
							
							50

						
							
							73.2 a

						
							
							0.79 a

						
							
							4.00 bc

						
							
							0.41 c-f

						
					

					
							
							100

						
							
							72.6 a

						
							
							0.69 a-d

						
							
							3.66 cd

						
							
							0.35 f-h

						
					

					
							
							200

						
							
							57.3 b

						
							
							0.58 c-e

						
							
							3.14 d-g

						
							
							0.32 gh

						
					

					
							
							400

						
							
							55.2 bc

						
							
							0.50 e

						
							
							2.74 gh

						
							
							0.30 h

						
					

					
							
							 

						
							
							 

						
							
							F

						
							
							22.8**

						
							
							4.45**

						
							
							20.2**

						
							
							10.2**

						
					

				
			

			(**) p≤0.01 statistically significant within error bounds.

			The organic acids addition in control groups (0mg Ni kg-1) was decreased the uptake of Cu and Zn plant compared to without organic acids treatments. On the other hand, Ni treatments were changed the uptake of these metals (Fe, Cu, Zn and Mn). Zinc concentration was decreased with Ni treatments, whereas in Ni + citric acid treatment the Zn concentration was increased at the concentration of 50 and 100mg Ni kg-1 and in Ni + humic acid treatments except for 400mg Ni kg-1 (Table 3). It has been stated that the concentrations of microelements such as Fe, Mn, Cu, and Zn were decreased at different concentrations of Ni in different plants [29-31].

			Phytoextraction capacity of rosemary

			It was observed that increasing concentration of Ni with citric acid and humic acid treatments were statistically significant (p≤0.01) in terms of dry weight, Ni concentration, and Ni content of rosemary (Rosmarinus officinalis) plant (Table 4). With the increase of different Ni concentrations, the rosemary plant was showed the reduction in dry weight values in all treatments compared to the control groups. The lowest and the highest dry weights were determined at 400mg Ni kg-1 + citrate treatment and at the control group of citrate treatment (0mg Ni kg-1) as 1.21g and 2.60g dry weight, respectively. Ni concentrations and contents [content= dry weight x concentration] were increased depending on the increased concentration of Ni that combined treatment with citric acid. The highest Ni concentration and contents (204mg Ni kg-1 and 246µg plant-1, respectively) were recorded at 400mg Ni kg-1 with citric acid treatments. Humic acid treatments were also positively affected Ni uptake of plants but these accumulations were lower than Ni + citric acid treatments (Table 4). The citric acid has multidimensional bind properties and more active functional groups (three carboxyl groups and one alcoholic functional group) than humic acid and these functional groups show a good affinity to heavy metals such as Ni. Thus, it was predicted that this result was obtained due to these functional groups, like as [32]. Similar findings were reported by [33]. They stated that citric acid applications on the Ni contaminated soils were increased the Ni concentration and content of plants, while decreasing the biomass. Similarly, an increase in Ni concentration was reported in green parts of the Brassica juncea plant by citric acid application compared to the control plants [1,34].

			Table 4: The effects of different concentration of Ni applications with citric acid and humic acid media on dry mass, Ni concentration and Ni contents in rosemary (n=3).

			
				
					
					
					
					
					
					
				
				
					
							
							
							Treatments

						
							
							Dose (mg Ni kg-1)

						
							
							Dry Weight (g plant-1)

						
							
							Ni (mg kg-1)

						
							
							Ni Content (µg plant-1)

						
					

					
							
							Rosmarinus Officinalis

						
							
							Ni

						
							
							0

						
							
							2.11 bc

						
							
							5.12 j

						
							
							10.8 f

						
					

					
							
							50

						
							
							2.13 b

						
							
							45.1 ı

						
							
							96.4 e

						
					

					
							
							100

						
							
							1.51 ef

						
							
							84.6 f

						
							
							128 de

						
					

					
							
							200

						
							
							1.65 d-f

						
							
							112 e

						
							
							186 c

						
					

					
							
							400

						
							
							1.46 fg

						
							
							130 d

						
							
							189 c

						
					

					
							
							Ni + Citric Acid

						
							
							0

						
							
							2.60 a

						
							
							6.59 j

						
							
							17.0 f

						
					

					
							
							50

						
							
							1.98 bc

						
							
							60.4 h

						
							
							119 de

						
					

					
							
							100

						
							
							1.97 bc

						
							
							67.5 gh

						
							
							133 de

						
					

					
							
							200

						
							
							1.71 de

						
							
							140 bc

						
							
							241 ab

						
					

					
							
							400

						
							
							1.21g

						
							
							204 a

						
							
							246 a

						
					

					
							
							Ni + Humic Acid

							 

						
							
							0

						
							
							1.87 cd

						
							
							6.43 j

						
							
							12.1 f

						
					

					
							
							50

						
							
							1.90 b-d

						
							
							65.7 gh

						
							
							125 de

						
					

					
							
							100

						
							
							2.05 bc

						
							
							71.3 g

						
							
							146 d

						
					

					
							
							200

						
							
							1.55 ef

						
							
							131 cd

						
							
							202 bc

						
					

					
							
							400

						
							
							1.51 ef

						
							
							142 b

						
							
							216 a-c

						
					

					
							
							F

						
							
							24.7**

						
							
							441.6**

						
							
							53.2**

						
					

				
			

			(**) p≤0.01 statistically significant within error bounds.

			It has been reported that the application of chelating agents increases the solubility of heavy metals in soils, thus has a positive effect on increasing the plant extraction and the applications of natural low molecular weight organic acids such as citric and tartaric acid also give positive results [35-37]. A previous study has stated that the soils treated with humic substance can raise the clean-up of heavy metals from contaminated soils and able to prevent their environmental mobility [38].

			Conclusion 

			In this study, it was found that the citric acid and humic acid treatments to the Ni-contaminated soil were significantly enhanced the phytoextraction capacity of rosemary. It can be concluded that the citric acid and humic acid effects on Ni uptake by rosemary depends on metal-chelate formation. The addition of organic acids to soil leads to an increase in the bioavailability of metals in soil. The organic acid treatments also significantly influence the phytoextraction of Ni from contaminated soil. Citric acid was more effective than humic acid to enhance the phytoremediation capacity due to it is the ability to form strong complexes with metal ions. Also, when the uptake of Ni by rosemary plants was increased, it was not observed any necrosis and chlorosis in plants.

			It should be evaluated together uptake of target metal (e.g. Ni in Ni-contaminated soil) with other nutrient elements (e.g. Zn, Mn, Fe) to determine the phytoextraction capacity. It is important because the target metal and other nutrients together presence, they enhanced or inhibit the uptake of each other. This may affect plants biomass used in phytoremediation. The dry weights of rosemary reduced at all Ni concentrations in all treatment groups due to the competition between metal and nutrients. Consequently, rosemary and citric acid can be used together as a potential candidate for phytoextraction of Ni in contaminated soils. 
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