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Organic matter (OM) content of the soils should be improved for sustainable productions. Municipal 

solid waste compost (MSWC) is an organic material used in several countries to improve soil OM 

contents. This study was conducted to determine potential use of MSWC as soil amendment. Field 

experiments were conducted for two years with single MSWC treatments. Experiments were 

conducted on 18 plots in randomized complete blocks design with 3 replications. Six different 

MSWC doses (0, 40, 80, 120, 160 and 200 t ha-1) were applied to experimental plots. Compost doses 

were calculated in dry weight basis, applied to 21 m2 plots and sunflower was sown as the 

experimental plant of the study. Following the sunflower harvest, disturbed and undisturbed soil 

samples were taken from the experimental plots and soil samples were subjected to various analyses. 

Applied MSWC doses significantly increased soil OM contents, electrical conductivity (EC) and 

cation exchange capacity (CEC), aggregate stability (AS) and saturated hydraulic conductivity 

(Ksat) and reduced soil bulk density (BD). Effects of MSWC on soil pH were not found to be 

significant. Effects of MSWC treatments were more remarkable with increasing doses. MSWC 

treatments increased soil OM contents about 3 folds and increased CEC by about 25%. MSWC 

treatments significantly increased salt contents of the soils. Such increases were found to be 

significant at 1% level in the first year and 5% level in the second year. Increasing OM contents also 

increase soil aggregation, thus reduced bulk density and increased hydraulic conductivity. 

Correlation analysis revealed significant correlations between OM and AS. Present findings revealed 

that MSWC positively influenced physical and chemical characteristics of clay-loam soils of arid 

and arid climates, but salt contents should carefully be monitored in repetitive uses. 
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Introduction 

Temperature, insufficient precipitation and excessive 

soil tillage significantly reduce OM contents of the soils of 

arid and semi-arid regions. Soil OM quantities should be 

preserved even should be increased for sustainability of 

soil fertility. Therefore, soils should regularly be 

supplemented with organic matters. Various organic 

wastes are composted and applied to soils widely to 

improve soil OM contents. Composted organic 

amendments have various positive impacts on soil 

physical, chemical and biological characteristics 

(Westerman and Bicudo, 2005; Hernandez et al., 2015; 

Kavdir et al., 2020). High organic C contents are the 

greatest attribute of these organic materials (Erhart and 

Hartl, 2010). MSWC is an organic material able to be used 

as an organic source of C to improve OM contents of the 

soils over which intensive agriculture is practiced (Annabi, 

2007; Hargreaves et al., 2008). MSWC is quite rich in 

organic carbon and effects of this material on soil 

characteristics largely depend on compost composition, 

application doses and maturity level of the compost 

(Crecchio et al., 2001; Weber et al., 2014).  

MSWCs also contain high quantities of nutrients. 

Therefore, they are most of the time known as organic 

fertilizers. Despite the high nutrient contents, they primarily 

improve soil physical characteristics rather than 

compensating commercial fertilizers (Sanchez et al., 2016). 

MSWC with high OM content regulates soil structure and 

increase soil aggregation (Annabi, 2007; Karami et al., 

2012), thus increase soil porosity (Hemmat et al., 2010; 

Eibisch et al., 2015) and reduce BD (Tejada and Gonzalez, 

2007; Diacono and Montemurro, 2010). Improved soil 

structure then positively influences soil Ksat value. Zamani 

et al. (2016) related the effects of MSWC on soil Ksat to high 

OM content. Besides high OM contents, MSWCs also 
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contain high quantities of humic acid. There are significant 

correlations between AS and humic acid (Piccolo et al., 

1992; Tejada and Gonzalez, 2007). The materials with high 

humic acid contents improve soil structure and AS (Karami 

et al., 2012). Albiach et al. (2001) investigated various 

organic materials and reported the greatest increases in soil 

OM and humic acid contents with MSWC. 

Effects of composts on soils largely vary with the 

application doses and frequencies. Increasing positive 

impacts of composts on soil characteristics were reported 

with increasing doses (Yuksel et al., 2004; Karami et al., 

2012) and frequencies (Diacono and Montemurro, 2010; 

Erhart and Hartl, 2010). Several other studies also reported 

the best achievements with the greatest MSWC doses 

(Bastida et al., 2007; Karami et al., 2012; Yuksel, 2012). 

High compost doses result in greater increases in soil 

organic carbon contents, thus more remarkable impacts on 

soil characteristics (Weber et al., 2014). Hernandez et al. 

(2015) indicated that soil water holding capacity, porosity, 

AS and nutrient contents of compost-treated soils were 

greater than the control treatments even 5 years after the 

treatments and such impacts were more remarkable at 

higher doses. Diacono and Montemurro (2010) indicated 

that long-term high MSWC doses increased soil organic 

carbon contents up to 90%. Although researchers applied 

different compost doses, they mostly recommended regular 

compost application of 6-7 t ha-1year-1 for sustainable OM 

content in soils (Erhart and Hartl, 2010).  

MSWCs have various positive impacts also on soil 

chemical characteristics. Parallel to increasing OM 

contents, MSWC also increase CEC and nutrient contents 

of the soils. The pH of low-pH soils increases, thus heavy 

metal uptake of the plants is restricted. MSWC may have 

some negative impacts on agricultural fields since these 

composts have high heavy metal and salt contents 

(Alvarenga et al., 2015). It was reported in previous studies 

that MSWC treatments increased soil heavy metal and salt 

contents, but such increased values were still within the 

limit values (Hernandez et al., 2015; Yuksel, 2015). 

MSWCs have quite low risk of heavy metal accumulation 

in soils when the legal standards are obeyed strictly (Erhart 

and Hartl, 2010). 

Just because of arid and semi-arid climate conditions 

and high water erosions, Turkish soils generally have low 

OM contents. Therefore, soils should regularly be 

supplemented with organic matters. However, OM sources 

are quite limited. MSWC then becomes the primary source 

of OM for soils. But, production and agricultural use of 

MSWC is quite limited in Turkey. According to 2016 data, 

in Turkey, 140.467 tons municipal waste were composted 

in 7 municipal composting facilities with a total capacity 

of 424.000 t year-1 and 20.000 ton compost were produced 

(TUIK, 2017).  

This study was conducted to point out the significance 

of MSWC for soils. The primary objective was to prove 

that MSWC was a well organic soil amendment improving 

soil chemical and physical characteristics and to encourage 

the use of MSWC for agricultural purposes in Turkey. 

Produced compost mostly used in fertilization of municipal 

parks and landscapes and only small quantities are used for 

agricultural purposes (ISTAC, 2017). Besides encouraging 

MSWC use in agricultural fields, the inconvenient or 

unfavorable issues were also pointed out. 

Materials and Methods 

 

Experimental Soil and Waste Compost  

Experiments were conducted at Dardanos experimental 

fields of Çanakkale Onsekiz Mart University (Çanakkale–

Turkey) (40°04’16.64’’N; 26°21’49.67’’E) (Figure 1). 

Experimental soils were classified in Fluventic 

Haploxerepts soils. Soils were composed of alluvial 

deposits at different depths and lime content was high. 

Except for the bottom layer, soil texture is clay-loam. The 

upper horizon (Ap) has a depth of 0-17 cm and has a 

granular structure. Soils are quite hard when they are dry 

and sticky and plastic when they are wet (Ozcan et al., 

2004). Some physical and chemical characteristic of the 

soils are provided in Table 1.  

The MSWC used in experiments was supplied from 

Uzundere Composting Facility of Izmir Metropolitan 

Municipality. MSWC was produced from non-source 

separated municipal wastes. Some characteristics of the 

MSWC are provided in Table 2.  

Marmara Region climate is dominant in research site. 

It is a transitional climate between Mediterranean and 

Black Sea climates. Entire year is precipitated especially in 

spring and autumn, winters are cold and summers are hot. 

Annual average precipitation is 600 mm, relative humidity 

is 78% and temperature is 14.9°C (Ozcan et al., 2004). 

 

 
Figure 1. Location of the study area 

 

 

Field Trial  

Field experiments were conducted for 2 years in 

completely randomized blocks design with 3 replications 

on 18 plots. Six different compost doses (0, 40, 80, 120, 

160 and 200 t ha-1) were experimented in this study. The 

amounts of MSWC to be applied to experimental plots 

were calculated in dry weight basis following the moisture 

content analyses. Sunflower seeds were sown (at 70×30 cm 

spacing) in 21 m2 (4.2×5 m) plots. About 1 month after 

MSWC treatments, sunflower (cv. Sanbro, Syngenta Seed 

Company) seeds were sown at 70 cm row spacing and 30 

cm on-row plant spacing. Chemicals or fertilizers were not 

applied to plots until the harvest of the sunflowers (Yuksel 

et al., 2011). Following the harvest, disturbed and 

undisturbed soil samples were taken from the experimental 

plots. To see the effects of compost treatments in the 2nd 
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year, MSWC was not applied again in the second year. 

Plots were tilled and second sunflower sowing was 

performed. Disturbed and undisturbed soil samples were 

again taken at the end of the second year. Disturbed soil 

samples were taken with a shovel from 0-20 cm soil profile 

and undisturbed samples were taken into 100 cm3 sampling 

tubes. Disturbed samples were dried at room temperature 

and passed through 2 mm sieve. These samples were then 

used for OM, pH, electrical conductivity (EC), cation 

exchange capacity (CEC), particle size distribution 

(texture) and AS analyses. Undisturbed soil samples were 

used for BD and Ksat analyses. 

 

Analyses Methods 

OM contents of the soil samples were determined in 

accordance with Smith-Weldon method (Nelson and 

Sommers, 1996), pH was determined in 1:2.5 soil:water 

suspension with a pH-meter, EC was determined in 1:2.5 

soil:water suspension with an EC-meter (Soil Survey Staff, 

1996), CaCO3 contents were measured with a calcimeter 

(Loeppert and Suarez, 1996), CEC’s were determined by 

ammonium acetate (pH: 7) method (Sumner and Miller, 

1996), total Na, K, Ca contents of the soil samples were 

determined by wet-digestion in 1:3 HNO3:HCl mixture 

using inductively coupled plasma atomic emission 

spectroscopy (ICP-OES) device (Spectro Arcos). 

 

Total OM of the waste compost was determined through 

ashing at 650°C for 3 h and by using the remaining ash (LOI 

method) (Sutherland, 1998); EC was measured from 1:5 

compost-water (distilled) suspension with an EC meter; pH 

was determined in 1:3 compost–1 N KCl suspension with a 

pH-meter; CaCO3 was determined by using calcimeter 

method (EAWAG, 1970). Total macro-elements of waste 

compost (Ca, Mg, K, Na and P) were determined through 

wet-digestion in HCl and HNO3 (3:1 ratio) and determined 

Inductively Coupled Plasma Atomic Emission Spectroscopy 

(ICP-OES) device (Spectro Arcos). 

Soil bulk density analyses were carried out on 100 cm3 

undisturbed samples by using core method (Blake and 

Hartge, 1986). Saturated hydraulic conductivity was 

determined by using constant head method (Klute and 

Dirksen, 1996). Soil aggregate stability (on 1-2 mm 

aggregates) was determined by using wet-sieving 

apparatus in accordance with the principles specified by 

Kemper and Rosenau (1986). Soil texture was determined 

with the hydrometer method (Gee and Bauder, 1986). 

 

Data Analysis  

Experimental data were subjected to variance analysis 

with TARIST statistical software in accordance with 

randomized blocks design. Means were compared with 

LSD test (P≤0.05) (Steel and Torrie, 1960). 

Table 1. Physical and chemical soil characteristics of the experimental site 

O.M 

(%) 
pH 

EC 

(dS m-1) 

CaCO3 

(%) 

CEC 

(c mol kg-1) 

Na K Ca BD 

(g cm-3) 

Texture 

Class (g kg-1) 

1.40 7.50 0.064 11.5 21.27 0.62 5.62 38.15 1.46 CL 
OM: Organic matter; E.C: Electrical conductivity; CEC: Cation exchange capacity; BD: Bulk Density 

 

Table 2. Chemical characteristics of MSWC used in the experiment 

O.M 

(%) 
pH 

EC 

(dS m-1) 

CaCO3  

(%) 

Ca Mg K Na P 

(g kg-1) 

32.2 7.68 3.75 13.8 55 2.9 12.8 5.9 2.1 

OM: Organic matter, EC: Electrical conductivity (dS m-1) 

 

Results and Discussion 
 

Soil Chemical Properties 

OM content of the soils treated with different doses of 

MSWC significantly increased in both years (P≤0.01). 

Increases in soil OM contents were parallel to compost 

doses and increasing OM contents were observed with 

increasing compost doses. The greatest increase in OM 

contents was obtained from 200 t ha-1 compost treatment. 

The OM content of 1.37% in the first year and 1.42% in the 

second year of the control treatment increased with 200 t 

ha-1 treatments respectively to 4.05% and 3.76% (Table 3). 

Present MSWC with high OM content increased soil OM 

content. Previous researchers also indicated high OM 

contents of MSWC and thus reported significant increases 

in soil OM contents with MSWC treatments (Pedra et al., 

2007; Weber et al., 2014; Füleky and Benedek, 2010). 

Bastida et al. (2007) reported that soil OM contents 

increased with the greatest dose of MSWC (260 Mg ha−1) 

from 4.30 g kg−1 to 12.0 g kg−1. Similarly, Albiach et al. 

(2001) applied different organic materials to the soils and 

reported the greatest OM contents for MSWC-treated soils. 

Diacono and Montemurro (2010) reported that soil organic 

C contents increased with long-term organic amendment 

treatments by about 90% as compared to non-fertilized 

soils and by 100% as compared to the chemical fertilizers.  

OM contents of the experimental soils slightly 

decreased in the second year with the effect of 

decomposition, but the values were close to each other in 

both years. Such a case indicated that effects of MSWC 

were largely sustained also in the second year. Such a 

sustained effect of MSWC can be attributed to initial low 

nitrogen, pH and high oil content and thus slowed down 

microorganism activity and late decomposition of the 

compost (Atagana et al., 2003; Neves et al., 2009). Weber 

et al. (2007) indicated that effect of MSWC on soil OM 

content lasted for at least 3 years.  

The effects of MSW compost on soil pH were not 

significant (Table 3). The pH values of the compost-treated 

and untreated soils were close to each other. Therefore, the 

pH values did not change significantly with the compost 

treatments. Previous researchers also indicated that MSWC 

did not have significant effects on pH of soils with 
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relatively high initial pH values. Carbonell et al. (2011) 

indicated that 50 Mg ha-1 MSWC treatments did not have 

significant effects on pH of loamy-sand soils with initial 

pH of 8.42. However, some other researchers reported that 

MSWC treatments significantly increased pH of soils with 

low initial pH values. Zheljazkov and Warman (2004) 

carried out experiments with two different plants and 

reported that MSWC treatments increased pH values of 

5.33 and 5.99 in control treatments to 6.56 and 6.61. 

Similarly, Zhang et al. (2006) carried out experiments at 

two different locations and reported that pH values of 5.8 

and 6.0 in control treatments increased with 200 t ha-1 

MSWC respectively to 6.7 and 6.5. 

Soil EC value of 0.068 dS m-1 in the control treatment 

of the first year increased with the greatest compost dose 

(200 t ha-1) to 0.361 dS m-1. In the second year, the values 

decreased, but still increased in all treatments as compared 

to the control treatments. The EC value of 0.039 dS m-1 in 

the control treatment of the second year increase with 16 t 

ha-1 dose to 0.095 dS m-1 (Table 3). Such increases were 

found to be significant at 1% level in the first year and 5% 

level in the second year. Present findings revealed that 

effects of MSWC on soil EC also sustained in the second 

year even with slight decreases. Salt leaching through 

precipitations may be considered as the primary reason of 

decreasing EC values (Mylavarapu and Zinati, 2009). 

Hicklenton et al. (2001) experimented different organic 

materials and reported the greatest EC value for MSWC 

treatments and also reported decreasing EC values in time. 

Hernandez et al. (2015) indicated that MSWC treatments, 

especially at higher doses, increased soil EC values. In 

present study, although increasing MSWC doses increased 

soil EC values, present EC values did not reach to critical 

levels even with the greatest dose. Hamidpour et al. (2012) 

reported that MSWC treatments increased soil EC values, 

but never exceeded critical values for wheat plants. 

Cation exchange capacity (CEC) is a significant soil 

chemical characteristic and present values significantly 

increased in both years with MSWC treatments (P≤0.01). 

CEC values increased with increasing MSWC doses and 

the greatest CEC values were observed in 200 t ha-1 

compost dose. CEC values increased from 21.27 cmol kg-1 

to 26.64 cmol kg-1 in the first year and from 22.04 cmol kg-1 

to 27.11 cmol kg-1 in the second year (Table 3). MSWCs 

have high OM contents, thus they increase soil CEC values 

(Gallardo-Lara and Nogales 1987). There is a close 

relationship between OM and CEC. CEC increases with 

increasing OM contents (Loveland and Webb 2003). 

Amlinger et al. (2007) indicated that OM increased soil 

CEC values by about 20-70% and Hemmat et al. (2010) 

indicated that OM increased soil CEC values by about 25-

90%. 

 

Soil Physical Properties 

MSWC treatments at different doses decreased soil 

bulk density (BD) in both years. Significant decreases were 

observed in all treatments as compared to the control 

treatments. The greatest decrease was observed in 160 t ha-1 

dose in the first year and in 120 t ha-1 and 200 t ha-1 compost 

treatments in the second year. While the effects of compost 

treatments on soil BD were found to be significant in the 

first year (P≤0.05), the effects were not found to be 

significant in the second year (Table 4). Previous 

researchers also reported decreasing soil BD with MSWC 

treatments (Zamani et al., 2016; Civeira, 2010). Such 

decreases mostly attributed to high OM content of MSWC. 

According to Diacono and Montemurro (2010), regular 

composted organic waste treatments primarily improved 

AS and decreased BD, thus improved soil physical fertility. 

Decreasing BD values with MSWC treatments were also 

attributed to better aggregation with OM treatments, thus 

increased porosity (Hemmat et al., 2010; Eibisch et al., 

2015) and decreased weight of mixture with low-density 

OM (Maylavarapu and Zinati, 2009). 

Previous researchers also indicated that OM 

supplementation regulated soil aggregation and increased 

AS (Karami et al., 2012; Leroy et al., 2008). Kavdir and 

Killi (2008) indicated that olive oil solid waste treatments 

with high OM contents significantly increased AS of clay-

loam soils. In present study, MSWC with high OM content 

also increased soil AS. Such increases were more 

remarkable at higher doses and were found to be significant 

in both years (P≤0.01). The AS of 51.61% in control 

treatment of the first year increased with 20 t ha-1 compost 

dose to 57.02%. The AS of 52.27% in control treatment of 

the second year increased with 16 t ha-1 dose to 60.88% 

(Table 4). Previous researchers also reported increased AS 

with waste compost treatments (Annabi, 2007; Bastida et 

al., 2007). Positive impacts of MSWC on AS can be 

attributed to high humic acid content of MSWC. Albiach 

et al. (2001) carried out a study with 5 different organic 

amendments and indicated MSWC as the best source of 

humic acid. Hernandez et al. (2015) reported that MSWC 

treatments increased soil humic acid contents and such 

increases were more remarkable at higher doses.  

 

 

Table 3. Effects of MSWC applications on soil chemical properties. 

Soil 

Properties 
Year 

Compost Dose (t ha-1) 

0 40 80 120 160 200 LSD0.05 

Organic  

Matter (%) 

1 1.37d 2.12c 2.37c 2.55c 3.55b 4.05a 0.46** 

2 1.42c 2.21b 2.34b 2.63b 3.32a 3.76a 0.64** 

pH 
1 7.50 7.51 7.57 7.49 7.46 7.52 ns 

2 7.68 7.59 7.57 7.67 7.57 7.46 ns 

EC  

(dS m-1) 

1 0.068e 0.129de 0.175cd 0.239bc 0.342ab 0.361a 0.105** 

2 0.040f 0.054e 0.066c 0.062d 0.095a 0.084b 0.004* 

CEC  

(cmol kg-1) 

1 21.27e 22.13de 22.41d 24.54c 25.65b 26.64a 0.95** 

2 22.04d 23.41c 23.84c 25.19b 25.93b 27.11a 0.95** 
*: Means with the same letter for each parameter are significantly different (P=0.05), **: Means with the same letter for each parameter are significantly 
different (P=0.01), ns: not significant 
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Table 4. Effects of MSWC applications on soil physical properties 

Soil properties Years 
Compost Dose (t ha-1) 

0 40 80 120 160 200 LSD0.05 

Bulk density  

(g cm-3) 

1 1.46a 1.39ab 1.37abc 1.30bc 1.29c 1.31bc 0.10* 

2 1.37 1.33 1.32 1.30 1.31 1.30 ns 

Aggregate stability  

(%) 

1 51.61b 51.18b 51.87b 52.05b 56.56a 57.02a 3.22** 

2 52.27b 53.49b 53.34b 58.07a 60.88a 60.22a 3.25** 

Hydraulic conductivity 

(cm h-1) 

1 0.64b 0.90b 1.45ab 2.07ab 2.88a 2.92a 1.54* 

2 0.88c 1.75b 2.17ab 2.70ab 2.75a 2.77a 0.80** 
*: Means with the same letter for each parameter are significantly different (P=0.05), **: Means with the same letter for each parameter are significantly 

different (P=0.01), ns: not significant 

 

 

Present findings revealed that MSWC treatments 

significantly increased saturated hydraulic conductivity 

(Ksat) of the soils in both years (P≤0.05 in the first year; 

P≤0.01 in the second year). The greatest increase was 

observed in 200 t ha-1 compost treatment of both years. The 

Ksat value of 0.88 cm h-1 in control treatment of the first 

year and 0.64 cm h-1 in the control treatment of the second 

year increased with 200 t ha-1 treatments respectively to 

2.92 cm h-1 and 2.77 cm h-1 (Table 4). It was reported that 

MSWC treatments increased Ksat especially of clay soils 

(Yuksel, 2012; Hamidpour, 2012). Mylavarapu and Zinati 

(2009) experimented various organic amendments and 

fertilizers and reported the greatest effects on Ksat for 

compost treatments. Positive impacts of MSWC on Ksat 

were attributed to high OM contents of MSWC (Zamani et 

al., 2016). MSWC with high OM contents provided better 

soil aggregation (Hemmat et al., 2010), increased 

macropore quantities (Yazdanpanah, 2016), thus increased 

Ksat. 

 

Conclusions 

 

MSWC treatments had significant effects on soil 

chemical characteristics (OM, EC, CEC) and physical 

characteristics (AS, BD and Ksat). Field experiments were 

conducted in this study with single MSWC treatments. Soil 

OM contents increased about 3 folds with MSWC 

treatments. Parallel to increasing OM contents, CEC values 

also increased and such an increase was about 25% in 200 

t ha-1 MSWC dose as compared to the control treatments. 

MSWC treatments did not have significant effects on soil 

pH values. Since experimental soils were slightly alkaline, 

MSWC treatments did not influence soil pH values.  

Together with increasing OM contents, AS and Ksat 

values of the soils also increased and BD values decreased. 

MSWC increases soil OM contents and accordingly soil 

humic acid contents, thus regulates soil aggregation. In this 

way, soil macropores increases, BD decreases and Ksat 

increases. All these parameters are interdependent 

parameters. Correlation analyses revealed significant 

(P≤0.01) relationships between soil OM content and AS in 

both years (r = 0.783** in the first year; r=0.862** in the 

second year).  

Present MSWC has high salt contents and thus 

significantly increased soil salt contents. Such increases 

were high especially in the first year in which compost 

treatments were applied, thus the increase in salt contents 

was found to be significant in the first year at 1% level. 

However even at the highest rate (200 t ha-1) of compost 

applications, soil is still classified as non-saline. Although 

the salt contents decreased in the second year without 

compost treatments through the leaching, attention should 

be paid while applying MSWC in arid and semi-arid 

regions especially with drainage problems. MSWC should 

not be applied every year to avoid soil salinization. 

It was concluded based on present findings that single 

MSWC treatments had positive impacts on soil physical 

and chemical characteristics (except for pH and salt 

content). Regular MSWC applications may sustain such 

positive impacts on soil properties. 
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