
Use of manures and organic wastes to improve soil quality and nutrient balances 
 

 

CHANGES TO PHYSICAL AND CHEMICAL SOIL 
PROPERTIES AFTER MSW COMPOST ADDITION 

 
Roca-Fernández A.I. 

Centro de Investigaciones Agrarias de Mabegondo, INGACAL, Apdo. 10, 15080 La Coruña, España. 

Tel:+00(34) 981647902 Ext.234. anairf@ciam.es 

 

1 INTRODUCTION 

For many years it has been very common to supply our soils with organic amendments, especially from agriculture, 

livestock and forestry, either spreading them on the surface or burying them at the time of agricultural work. These 

traditional forms of waste disposal seldom exceed the acceptance capacity of the soils and, therefore, rarely cause 

adverse effects on the environment. Moreover, the opposite effect was generally achieved with a beneficial result on 

physical and chemical soil properties because of its potential role to improve soil fertility. In the last decades, 

several changes in our consumer society have caused an increase in the quantity and types of organic wastes that are 

available for addition to the soils as a useful organic amendment. The application of compost from Municipal Solid 

Waste (MSW) is now gaining a higher popularity between farmers, municipalities and landscapers as a valuable soil 

strategy to implement in agricultural fields with the aim of achieving an increase in the organic matter and plant 

nutrient contents without forgetting the important problem of high levels of heavy metals contained in the MSW 

compost and its capacity to cause soil pollution (Hernando et al., 1986).  

 It has been previously reported by some studies (Costa et al., 1995) that the application of MSW compost 

to the soils can improve substantially some physical soil properties such as porosity, water-holding capacity and 

bulk density. Moreover, the addition of MSW compost to the soils can be also responsible for an enhanced buffering 

capacity of the soil with a substantial increase in its organic matter content and cationic exchangeable capacity.  

 In applying compost from MSW to the soils, it is important to take into consideration that the soil is part 

of a complex agro-ecosystem, with multiple interactions between soil, climate, crops, livestock and humans 

(Gallardo-Lora et al., 1987). As a key factor to maintain the sustainability of our ecosystems is necessary to make 

the best use possible of our residues in order to recover the soil elements contained in them (mainly, organic matter 

and nutrient contents), enabling the closing of biogeochemical cycles and minimizing its negative impact on the 

environment. 

 The main purpose of this research work undertaken during two years in different Galician agricultural 

soils situated in the metropolitan area of La Coruña (NW Spain) was to investigate the effect the addition of MSW 

compost had on the changes of the physical and chemical soil properties. 

 

2 MATERIALS AND METHODS 

2.1 Materials and Sampling 

The field study was carried out during the period 2000-2001 in different Galician agricultural soils, representative of 

intensive vegetable production (mainly, for forage maize), situated in La Coruña (NW Spain). Nine municipalities 

collaborated in this MSW composting trial. Twenty-nine control plots without and twenty treated plots with MSW 

compost addition were randomly assigned to 2-4 experimental areas of 4 m
2
 at each site. Compost was incorporated 

into the soils in March using an application rate of 50 t ha
-1

,
 
considered appropriated according to the Spanish 

regulation (BOE, 1998). Five soil subsamples were randomly taken at each plot in September from surface horizons 

(0-20 cm). Results reported in this paper are means of one composite sample collected at each site.  

2.2 Analytical Methods 

Soil pH (H20 and KCl), organic matter (OM), carbon and nitrogen content, exchangeable cationic content (ECC) 

(Ca
2+

+Mg
2+

+Na
+
+K

+
), acidity (H

+
+Al

3+
) and cationic exchangeable capacity (CEC) were determined following 

official methods of soil analysis developed by the Spanish Ministry of Agriculture, Fisheries and Foods (1995). 

Particle-size analyses were carried out using standard methods described by Guitián and Carballas (1976). 
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2.3 Statistical Analysis 

Data analysis was performed by the statistical program SPSS 17.0 using the Student t-test to compare the differences 

between treatments (without and with MSW compost addition) for physical and chemical soil properties.  

 

3 RESULTS AND DISCUSSION  

3.1 Physical, chemical and biological MSW compost properties 

According to the Spanish regulation (BOE, 1998) the analysis of the physical, chemical and biological compost 

properties showed a high quality in the experimental MSW compost applied to the soils, with low humidity, small 

inert particles size, high organic matter content, high total nitrogen content and C/N ratio. There was also a totally 

absence of pathogens and phytotoxic compounds in the experimental MSW compost (table 1).  

 

TABLE 1 Comparison of physical, chemical and biological compost properties between a compost 

considered of high quality according to the legislation and the experimental MSW compost. 

 High quality compost (O 28/1998) Experimental MSW compost 

 ................................................   Physical properties   ................................................. 

Granulometric analysis 90% particles less than 25 mm 100% particles less than 20 mm 

Inert particles size (mm) < 10  < 10  

Inorganic compounds (%) < 3 < 3 

Humidity (%) < 40 < 40 

 ...............................................   Chemical properties   ................................................ 

pH neutral or slightly alkaline pH  pH H2O = 7.32 and  pH KCl = 7.30   

Organic matter (%) > 35 51.20 

Total nitrogen (%) > 1 3.12 

Ratio C/N < 18 9.52 

Total phosphorus (%) > 0.43 0.85 

Calcium (%) > 1.40 1.85 

Magnesium (%) > 0.20 2.05 

Sodium (%) Low salinity 0.76 

Potasium (%) > 0.41 1.10 

    .............................................   Biological properties   .............................................. 

Pathogens Absence Absence 

Phytotoxic compounds Absence Absence 

 

3.2 Levels of heavy metals in MSW compost applied as an organic amendment to the soils 

The levels of heavy metals observed in the experimental MSW compost measured by a semi quantitative method 

(X-Ray Fluorescence, XRF) and a quantitative method (Emission Spectroscopy Induced by Argon Plasma, ICP-MS) 

were lower than those that were recommended by the Spanish regulation (BOE, 1998) (table 2). Zn and Pb were 

numerically the two soil elements that presented the largest amounts in the experimental MSW compost.  

 

TABLE 2 Maximum levels allowed of heavy metals according to the legislation for compost addition and 

average values obtained in the experimental MSW compost measured by XRF and ICP-MS. 

Heavy metals (mg kg -1) Legislation for compost addition Experimental MSW compost 

 (O 28/1998) XRF   ICP-MS 

Cadmium < 10 -   2 

Chromium < 400 30   27 

Nickel < 120 29   16 

Plumb < 300 255   244 

Copper < 450 95   76 

Zinc < 1100 500   446 

Mercury < 7 -   0.1 
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3.3 Physical soil properties: granulometric analysis and soil texture 

There were no significant differences between treatments for course sand, fine sand, course silt and clay (table 3). 

However, sand and clay tended to be higher in the MSW compost plots compared to those plots without MSW 

compost application. Fine silt was significantly (P<0.05) lower in the amended MSW compost soils in contrast to 

those non-amended soils. Soil texture did not show any significant difference between treatments during the 

experimental period, the plots without and with MSW compost belonged to the same textural group (medium) but 

soils samples belonged to different textural classes (most plots without MSW compost belonged to the loam textural 

class while the plots with MSW compost addition belonged to the sandy clay loam textural class). 

 

TABLE 3 Granulometric analysis realized in plots without and with MSW compost addition (%). 

Without compost n Mean  Dev.  Min. Max. With compost n Mean Dev. Min. Max. Sig.1 

Coarse sand  29 20.35 12.09 4.96 57.53 Coarse sand  20 25.19 14.17 6.89 58.64 NS 

Fine sand 29 22.56 6.99 6.24 37.70 Fine sand 20 23.87 9.04 1.82 39.85 NS 

Coarse silt  29 7.32 3.35 0.60 13.33 Coarse silt  20 4.92 3.17 0.76 13.79 NS  

Fine silt 29 29.29 8.73 11.97 43.37 Fine silt 20 24.13 10.24 9.02 47.89 * 

Clay 29 20.49 4.42 10.76 30.57 Clay 20 21.88 4.51 13.70 29.57 NS 
1
Descriptive statistical analysis (Dev., Deviation; Min., Minimum; Max., Maximum); Sig., Significance treatments = 

without vs. with MSW compost addition (NS, Not significant differences; *P<0.05; **P<0.01; ***P<0.001). 

 

3.4 Chemical soil properties:  pH (H20 and KCl), organic matter, total carbon and nitrogen, 

C/N ratio, exchangeable cationic content, acidity and cationic exchangeable capacity  

There were no significant differences between treatments in chemical soil properties (table 4). Carbon, nitrogen and 

organic matter content tended to be higher in the amended soils compared to those non-amended. The C/N ratio took 

values acceptable for this type of agricultural soils but a higher ratio would be desirable to increase the humification 

process. Soil exchange complex properties did not differ significantly between treatments (table 5).  

 

TABLE 4 Soil pH (H20 and KCl), organic matter content (%), total carbon content (%), total nitrogen 

content (%) and C/N ratio measured in plots without and with MSW compost addition.  

Without compost n Mean  Dev.  Min. Max. With compost n Mean Dev. Min. Max. Sig.1 

pH (H20) 29 5.98 0.97 4.22 7.87 pH (H20) 20 5.79 0.82 4.89 7.70 NS 

pH (KCl) 29 5.16 1.00 3.73 7.04 pH (KCl) 20 5.10 0.78 3.90 7.06 NS 

Organic matter 29 4.81 1.90 1.48 9.96 Organic matter 20 5.87 3.46 2.19 16.55 NS 

Total carbon  29 2.79 1.10 0.86 5.78 Total carbon  20 3.40 2.01 1.27 9.60 NS 

Total nitrogen  29 0.22 0.09 0.13 0.56 Total nitrogen  20 0.27 0.14 0.10 0.60 NS 

C/N ratio 29 12.71 3.89 5.68 25.34 C/N ratio 20 12.40 2.30 10.45 21.14 NS 
1
Descriptive statistical analysis (Dev., Deviation; Min., Minimum; Max., Maximum); Sig., Significance treatments = 

without vs. with MSW compost addition (NS, Not significant differences; *P<0.05; **P<0.01; ***P<0.001).

  

TABLE 5 Soil exchangeable cationic content (ECC), acidity and cationic exchangeable capacity (CEC) 

measured in plots without and with MSW compost addition appeared expressed in cmol (+) kg-1.  

Without compost n Mean  Dev.  Min. Max. With compost n Mean Dev. Min. Max. Sig.1

ECC 29 11.59 8.65 1.04 33.36 ECC 20 12.85 10.85 1.84 51.26 NS 

Ca2+ 29 8.80 7.83 0.30 29.46 Ca2+ 20 9.97 10.47 0.62 48.56 NS 

Mg2+ 29 1.21 0.67 0.10 2.72 Mg2+ 20 1.34 0.63 0.41 2.48 NS 

Na+ 29 0.23 0.13 0.12 0.79 Na+ 20 0.20 0.07 0.10 0.39 NS 

K+ 29 1.35 0.68 0.15 2.68 K+ 20 1.34 0.99 0.18 4.69 NS 

Acidity 29 0.28 0.72 0 3.10 Acidity 20 0.78 1.44 0 5.30 NS 

CEC 29 15.06 4.60 7.29 25.22 CEC 20 16.07 3.02 11.74 24.70 NS 
1
Descriptive statistical analysis (Dev., Deviation; Min., Minimum; Max., Maximum); Sig., Significance treatments = 

without vs. with MSW compost addition (NS, Not significant differences; *P<0.05; **P<0.01; ***P<0.001). 
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 A tendency to increase the ECC was observed in the MSW compost plots, mainly due to a greater amount 

of exchangeable cations Ca
2+

 and Mg
2+

. The addition of MSW compost to the soils also seemed to cause an increase 

in its acidity and CEC encouraging thus the setting of nutrients (H
+
, K

+
, NH

4+
, Ca

2+
, Mn

2+
, Al

3+
, Fe

2+
 and Fe

3+
) 

keeping them available to the plants for longer and avoiding the loss of such by leaching or fixation.  

3.5 Interactions between clay, organic matter and cationic exchangeable capacity  

An analysis of all the samples, regardless of the treatment, inferred that the cationic exchangeable capacity (CEC) 

introduced better relationships with organic matter (OM) than with clay (table 6). The correlation between OM and 

CEC was higher in the MSW compost plots (R
2
= 0.817) compared to those without MSW compost (R

2
= 0.405). 

This adsorption property also appeared in colloidal clays with a coefficient of determination between clay and CEC 

significant (P<0.05) in the compost plots but lower (R
2
= 0.244) than the obtained between OM and CEC.  

  

TABLE 6 Regression analysis between clay, organic matter content (OM) and cationic exchangeable 

capacity (CEC) in plots without and with MSW compost addition. 

Without compost n Regression R2 With compost n Regression R2 

Clay – CEC 29 YCEC=0.22XClay+11.52 0.105 Clay – CEC 20 YCEC = 0.51XClay + 4.00 0.244
1
* 

OM – CEC 29 YCEC=1.01XOM+11.20 0.405** OM – CEC 20 YCEC =1.21XOM + 7.98 0.817** 

1
Significance level: *P<0.05; **P<0.01. 

  

 The coefficients of determination obtained on this study corroborated the assertion of Costa et al. (1995), 

with the values of R
2
 between OM and CEC in the order of 3-4 times higher than between clay and CEC. This 

should be attributed to the fact that adding compost to the soils increases its OM content and also the clay fraction. 

The humic substances played an important role on this pattern, because they are responsible for cementing inorganic 

soil particles and forming aggregates of certain stability as well as contributing to an increase in the water retention 

capacity through the formation of aggregates and retaining large amounts of water due to its colloidal properties. 

 

4 CONCLUSIONS  

A correlation between organic matter and cationic exchangeable capacity was found in the amended soils. Further 

studies must be carried out to establish the long-term effects of MSW compost addition in soil properties. 
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