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Abstract. In this study, the effects of gyttja on some soil properties in two different nickel-contaminated soils 

(Inceptisol and Entisol) were investigated. This study was conducted with the application of three levels of gyttja 

(0, 5 and 10%) in two different soils (Inceptisol and Entisol) contaminated with Ni at three levels of concentration 

(0, 40 and 80 mg kg-1) in a factorial experimental design with three replications. Some soil properties showed 

differences in different nickel and gyttja applications. Soil nickel content significantly (P < 0.01) increased in 

nickel-contaminated soils. Soil organic matter and phosphorus contents in gyttja applicated soils were found to 

reach higher levels compared to those without gyttja application. 
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Introduction 

Heavy metals natural components of the Earth’s crust, the concentration of several 

heavy metals can reach toxic levels due to consequence of anthropogenic activities. 

Heavy metals are recognized as important environmental contaminants in industrialized 

societies. Heavy metal contamination is originated from local sources, mostly industry, 

agriculture, waste incineration, combustion of fossil fuels and road traffic (Farid et al., 

2015). Fifty three elements are in the heavy metal category and defined as the group of 

elements whose densities are higher than 5 g cm³ (Özbolat and Tuli, 2016). 

Nickel is one of the most important heavy metal in terms of its potential toxicity to 

plants and animals (Kabata-Pendias and Pendias, 2001). Although nickel has been 

recognized as essential micronutrient in plant cells (Ankel-Fuchs and Thaver, 1988), its 

excess has destructive effect on plant growth, causing disturbances in photosynthesis, 

destruction of cell membranes and damages of cells (Pandolfini et al., 1992). 

Baranowska-Morek (2003) reported that the presence of heavy metals can induce 

deficiency of the elements necessary for proper plant development similarly. It was 

reported that high concentrations of heavy metals cause an imbalance of nutrients and 

have an adverse effect on the synthesis and functioning of many enzymes, vitamins and 

hormones (Luo and Rimmer, 1995). 

It was reported that mobility and availability of heavy metals are controlled by 

adsorption and desorption characteristics of soils (Krishnamurti et al., 1999). The soil 

properties including pH, cation exchange capacity, organic matter content, clay minerals 

contents, lime and Fe and Mn oxides play important role in adsorption and desorption of 

heavy metals (Antoniadis et al., 2008; Usman et al., 2008). 

Organic matter has been implicated for alleviating bioavailability of heavy metals in 

soils recently soil organic matter has been of particular interest in researches of heavy 

metal sorption by soils, because of transformation of metal cations to stable complexes 
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form with organic ligands (Elliott et al., 1986). Organic matter makes strong complexes 

with heavy metals (Bloom, 1981). Khan et al. (2000) reported that amendment of 

contaminated soils with organic matter decreased bioavailability of heavy metals. 

The humic substances, the major component of soil organic matter, have effects on 

various biochemical outcomes in plant tissue and soil properties such as aggregation, 

aeration, permeability, water holding capacity, micronutrient transport and availability 

(Tan, 2003). Among the deposits of humic substances, gyttja, which is a semi-formed 

lignite coal cover layer and its content of organic matter, can change from 6 to 40% by 

weight (Demirkıran et al., 2008). In the other researchers reported that gyttja which 

low-cost and locally available natural materials is a mixture organic and inorganic 

materials as calcareous and clay, its content of organic matter generally varied from 40 

to 50% by weight, and located on lignite deposits. The gyttja which is not used in the 

coal-fired power plant due to its low quality must be removed for the lignite layer can 

be taken for mining (Saltalı et al., 2015). 

In this study, the effects of gyttja on some soil properties and nickel content in 

nickel-contaminated two different soils (Inceptisol and Entisol) were investigated. 

Material and methods 

This study was conducted with the pots having 2 kg different soils (Inceptisol and 

Entisol) in a plant growth room. Experimental soils were taken from depth of 0-20 cm 

in Van province, east of Turkey. The Inceptisol soil used in this study had a clay loam 

texture, non saline, and neutral, limely, insufficient in organic matter (OM), sufficient in 

phosphorus (P) and potassium (K) contents. The Entisol soil used in this study had a 

silty loam texture, non saline, slightly alkaline, limely, insufficient in organic matter and 

P contents and sufficient in K content (Table 1). 

 
Table 1. Some properties of Inceptisol and Entisol soil 

Analyses 
Soil types 

Inceptisol Entisol 

pH 7.41 7.64 

Texture Clay loamy Silt loamy 

Lime 
% 

2.03 2.27 

Organic matter  1.03 1.70 

Salinity  µS cm-1 120 118 

Phosphorus (P) 

mg kg-1 

7.20 4.40 

Potassium (K) 35 35 

Calcium (Ca) 696 594 

Magnesium (Mg) 70 24 

Iron (Fe) 1.96 1.05 

Manganese (Mn) 3.53 4.64 

Zinc (Zn) 0.15 0.16 

Copper (Cu) 0.42 0.33 

 

 

After filling each pot without drainage holes with two different soils, 54 pots were 

autoclaved. Three levels of gyttja (0, 5, 10%) were applied into pots including two 
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different soils contaminated with three levels of nickel (Ni) (0, 40 and 80 mg kg-1) in 

factorial experimental design with three replications. The planned doses of gyttja were 

directly mixed the each pot. Nickel doses were applied as their solutions prepared by 

using distilled water. Yedikule lettuce cultivar was used as experimental plant. The 

lettuce seedling having three leaves planted to each pot. This experiment was carried 

out within 65 days. At the end of experiment firstly it was determined that increasing 

gyttja doses had the positive effects on plant growth criteria of lettuce in Ni 

contaminated soils. Conversely, Ni applications decreased the means of plant growth 

criteria (Gülser et al., 2017). Secondly effects of gyttja on some soil properties in 

nickel-contaminated soils were determined by using following soil analyses methods. 

The gyttja used in this study had neutral pH (7.28), 0.71 dS m-1 in salinity, 51.3% in 

organic matter (OM) content, 1.88% in nitrogen (N), 0.11% total P content and 55.12% in 

humic acids. 

Some soil physical and chemical properties of soil were determined as follows; pH in 

1:1 soil water suspension by pH meter (Jenway, 3310), salt content in the same 

suspension by EC meter (YSI 3100), organic matter by modified Walkey-Black, lime 

content by Scheibler calcimeter, phosphorus with Olsen bicarbonate method by 

spectrophotometer (Shimadzu UV mini 1240), potassium (K), calcium (Ca) and 

magnesium (Mg) by the extraction with 1 N neutral ammonium acetate and heavy metal 

by extraction with a mixture of nitric acid and perchloric acid in 2:1 ratio by using atomic 

absorption spectrophotometer (Thermo 1CE 3000 series) according to Kacar and İnal 

(2008). 

Statistical analyses was done using SAS package program (SAS Institute, 1989) to 

show difference among the mean values of some soil properties and some nutrient 

contents from the different applications. 

Result and discussion 

The results of variance analyses for the some soil properties are given in Table 2. 

 
Table 2. F values of the variance analyses for the some soil properties 

V.S. DF pH EC Lime O.M. P K Ca Mg Ni 

Soil (A) 1 18.94** 0.26ns 9.73* 8.36* 0.02ns 4.03ns 66.58** 1001.06** 907.22** 

Gyttja(B) 2 14.89** 7.47* 15.23** 107.60** 0.90ns 2.80ns 92.76** 0.14ns 10.10** 

Ni (C) 2 4.12ns 1.51ns 0.32ns 2.46ns 1.24ns 3.58ns 4.24ns 1.65ns 6.07* 

AxB 2 3.75ns 0.08ns 7.23ns 9.09** 1.91ns 8.80** 1.04ns 0.87ns 5.74* 

AxC 2 1.02ns 0.10ns 1.92ns 0.37ns 6.36* 2.77ns 1.81ns 4.52* 1.91ns 

BxC 4 0.64ns 0.25ns 1.37ns 0.72ns 0.82ns 5.73* 1.35ns 2.86ns 3.80* 

AxBxC 4 5.42* 0.85ns 2.07ns 0.84ns 4.27* 2.74ns 1.66ns 1.19ns 1.51ns 

*significant at 0.05 level, **significant at 0.01 level, ns: non significant 

 

 

Soil types had significant (P < 0.01) effects on pH, Ca, Mg, Ni contents. Lime, OM 

contents were also significantly (P < 0.05) influenced by the soil types. Gyttja 

treatments significantly affected pH, lime, OM, Ca, Ni contents (P < 0.01), EC 

(P < 0.05) contents. Ni applications had no effects soil properties expect Ni contents 

(P < 0.01). Interactions of soil type and gyttja had significantly (P < 0.01) effects on 

OM, K and (P < 0.05) Ni contents. The effects of soil type and Ni interactions were 

found significant at 5% level in P and Mg contents; Ni and gyttja interactions had 
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significantly (P < 0.05) effects on K and Ni contents. The effects of soil type, gyttja and 

Ni had significantly (P < 0.05) effects on pH level and P contents (Table 2). 

EC, OM, Ca and Ni contents increased by increasing gyttja doses though pH and 

lime decreased. These increases were significant statistically. The highest means of EC, 

OM, Ca, Mg and Ni contents were obtained as 1607.63 µS cm-1, 6.49%, 8618 mg kg-1, 

541.38 mg kg-1, 63.59 mg kg-1 in 10% gyttja treatment respectively (Figs. 1–6). Gyttja 

used in this study had lower pH value than those in experimental soils. Therefore gyttja 

applications may be decrease pH value of soils of growing media. 

 

 

Figure 1. Effects of different gyttja level (P < 0.01) and nickel doses (ns) on pH. Gyttja0: 0%, 

Gyttja1: 5%, Gyttja2: 10%, Ni0: 0 mg Ni kg-1, Ni1: 40 mg Ni kg-1, Ni2: 80 mg Ni kg-1, LSDsoil 

(P < 0.05): 0.05, LSDgyttja (P < 0.05): 0.05 LSDnickel (P < 0.05): 0.04 

 

 

 

Figure 2. Effects of different gyttja level (P < 0.01) and nickel doses (ns) on organic matter. 

Gyttja0: 0%, Gyttja1: 5%, Gyttja2: 10%, Soil1: Inceptisol, Soil2: Entisol, Ni0: 0 mg Ni kg-1, 

Ni1: 40 mg Ni kg-1, Ni2: 80 mg Ni kg-1, LSDsoil (P < 0.05): 0.38, LSDgyttja (P < 0.05): 0.38, 

LSDnickel (P < 0.05): 0.31 

 

 

The means of some soil properties determined in Entisol soil were significantly 

higher than those in Inceptisol soil (Figs. 1–6). Ni contents means obtained in Entisol 

soil were also higher than those in Inceptisol soil in ratio of 22.67%. It was thought that 

differences in Ni contents among two soil types caused by differences in soil properties. 

The pH value and OM content of Entisol soil were in higher level than those in 



Karaca et al.: The effects of gyttja on soil properties in nickel-contaminated soils 

- 1869 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(2):1865-1873. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/1702_18651873 

 2019, ALÖKI Kft., Budapest, Hungary 

Inceptisol soils. Zhao et al. (2010), reported that soil pH was found to play the most 

important role in determining metal speciation, solubility from mineral surfaces, 

movement and bioavailability of metals in the soil solution. The Entisol soil used in this 

study had higher pH and OM content according to Inceptisol soil. Ramachandran and 

D’Souza (2013) determinate that Ni adsorption capacity of the soil increased with an 

increase in pH of the soil. On the other hand OM is a major factor to the availability of 

soils for retaining heavy metals in exchangeable form (Mc Cauley et al., 2009). 

 

 

Figure 3. Effects of different gyttja level (P < 0.01) and nickel doses (P < 0.01) on nickel 

content. Gyttja0: 0%, Gyttja1: 5%, Gyttja2: 10%, Soil1: Inceptisol, Soil2: Entisol, Ni0: 0 mg Ni 

kg-1, Ni1: 40 mg Ni kg-1, Ni2: 80 mg Ni kg-1, LSDsoil (P < 0.05): 7.85 LSDgyttja (P < 0.05): 

7.85, LSDnickel (P < 0.05): 6.41 
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Figure 4. Effects of different gyttja level (P < 0.05) and nickel doses (ns) on EC. Gyttja0: 0%, 

Gyttja1: 5%, Gyttja2: 10%, Soil1: Inceptisol, Soil2: Entisol, Ni0: 0 mg Ni kg-1, Ni1: 40 mg Ni 

kg-1, Ni2: 80 mg Ni kg-1, LSDsoil (P < 0.05): 0.6, LSDgyttja (P < 0.05): 0.6, LSDnickel 

(P < 0.05): 0.5 

 

 

Similarly, high EC level of Gyttja used in this study may be lead to increase in EC 

levels of growing media. Numerous studies demonstrated that humic substances such as 

gyttja and leonardite increased soil organic matter content. Ece et al. (2007) reported 

that leonardit applications did not changed pH, lime content and EC significantly while 

OM content of growth media soils added leonardit increased significantly. Similarly, it 

was also reported that gyttja applications to soil significantly increased soil organic 
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matter content (Karaca et al., 2006; Turgay et al., 2011; Gülser et al., 2014; Saltalı and 

Eryiğit, 2015). Turgay et al. (2011) reported that gyttja as humic substances added to 

the soil did not affected soil parameters and macro nutrient contents. Applying of 

organic materials (barnyard manure, poultry manure, sewage sludge, leonardite, gyttja 

etc.) is a commend practice to increase OM content (Stevenson, 1994). Decomposition 

of such organic materials added to soil enhance energy source and this stimulate soil 

microbial activity (Flieβbach and Mäder, 2000) which finally accelerates the 

conversions of added organic materials to the background soil organic matter. It was 

known that humic substances play a critical role in increasing soil organic matter 

content having useful effects on soil structure, water-holding capacity, adsorption and 

retention complexes and are responsible for increasing stable carbon levels in soil 

(Paulin and Q’Malley, 2008). 

Generally, nickel contents of soil were higher than critical level (50 mg kg-1) 

reported by Bergman (1992) in 80 mg kg-1 gyttja applications in both soil types. It was 

thought that high organic matter contents gyttja applied soils caused retention of Ni. 
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Figure 5. Effects of different gyttja level (P < 0.01) and nickel doses (ns) on Ca. Gyttja0: 0%, 

Gyttja1: 5%, Gyttja2: 10%, Soil1: Inceptisol, Soil2: Entisol, Ni0: 0 mg Ni kg-1, Ni1: 40 mg Ni 

kg-1, Ni2: 80 mg Ni kg-1, LSDsoil (P < 0.05): 220, LSDgyttja (P < 0.05): 220, LSDnickel 

(P < 0.05): 179 
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Figure 6. Effects of different gyttja level (ns) and nickel doses (ns) on Mg. Gyttja0: 0%, 

Gyttja1: 5%, Gyttja2: 10%, Soil1: Inceptisol, Soil2: Entisol, Ni0: 0 mg Ni kg-1, Ni1: 40 mg Ni 

kg-1, Ni2: 80 mg Ni kg-1, LSDsoil (P < 0.05): 22, LSDgyttja (P < 0.05): 22, LSDnickel 

(P < 0.05): 18 
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The Ni applications increased significantly Ni contents of soils. Nickel contents of 

control soils were determined at low levels in both soil types. The doses of gytjja 10% 

had more positive effect to prevent nickel contamination in Entisol soil according to 

those in Inceptisol soil (Fig. 3). Apart from soil pH, organic matter content in soils is 

also one of the most important soil properties affecting heavy metal availability (Mc 

Cauley et al., 2009). 

Antoniadis et al. (2008) and Mc’Cauley et al. (2009), Bai et al. (2008), reported that 

organic matter is a major factor to the ability of soils for retaining heavy metals in 

exchangeable form. They also determined that heavy metal adsorption onto soil 

constituents declined while soil organic matter content decreased. Organic matter 

supplies organic chemicals to the soil solution. These organic chemicals can serve as 

chelate and increase metal availability to plants. 

The lowest and highest Ni means of Inceptisol soil were obtained as 2.92 mg kg-1 

and 158 mg kg-1 control and G2, in while the lowest and highest Ni means of Entisol 

soil were in control and G1 application as 8 mg kg-1 and 142 mg kg-1, respectively 

(Fig. 3). 

In this study, increasing gyttja doses decreased Ni contents according to control in 

Entisol soil with 10% gyttja applications in Inceptisol soils. Karaca et al. (2006) 

reported that gyttja application decreased Ni concentrations of soil among 90th-180th 

day following applying time. In this regard, applying gyttja to soil contaminated with Ni 

can decrease the availability of nickel. 

Conclusion 

As a result, 10% gyttja application decreased Ni contents according to control in 

Inceptisol and Entisol soils. The organic matter contents of experimental soils increased 

by increasing gyttja doses. These increases were found at higher level in Entisol soils 

than those in Inceptisol soils. Similarly increasing gyttja doses increased EC values in 

both soil types without causing of salinity problem. According to results of this study 

10% gyttja application was suggested to increase the soil matter contents and to 

decrease damages of heavy metals in plants growing nickel polluted soils. On the other 

hand it was thought that gyttja doses using to prevent heavy metal damages may be 

show the changes according to soil type, plant variety and kind of heavy metal and 

degree of heavy metal pollution in soil. So, determination of the beneficial effects of 

gyttja in heavy metal contaminated soils needs the more researches in long-term 

experiments. 
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