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Abstract 
In Europe, sewage sludge has to be stabilized before being used as fertilizer in agriculture. Depending 
on the stabilization process that is used, sewage sludge has different characteristics, nutrient contents 
and soil nutrient incorporation rates. This study aimed at evaluating the effect of municipal sewage 
sludge stabilized using anaerobic digestion, composting and pelletization on saturation percentage of 
cations in the soil exchange complex and pasture production compared with control treatments 
(mineral and no fertilization) in a silvopastoral system established under Quercus rubra L. in Galicia 
(Spain). The application of the dose of pelletized sewage sludge in several times implied an increase of 
pasture production in the understory which reduced the Ca saturated percentage in the soil exchange 
complex and therefore increased the Al saturated percentage compared with the other types of sewage 
sludge evaluated. 
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Introduction 
Change in land use is one of the main modifications that occurred in Galicia (Spain) in the last years 
due to the reforestation promoted by the Common Agricultural Policy (CAP) through direct payments 
[1]. Trees were planted in either agronomic or forest soils, depending on the potential growth of trees 
and soil characteristics. Recently, silvopastoral systems are promoted by the EU (Council Regulation 
1698/2005) [1] as a sustainable way of land management, where trees, pasture and animals are 
integrated [2].  
On the other hand, in recent years the production of sewage sludge was increased in the EU countries, 
due to the implementation of European Directive 91/271/EEC [3] which it makes necessary to find an 
adequate disposal for these residues in compliance with environmental EU policy. One option adopted 
in many countries around the world is the use of sewage sludge as fertilizer in agriculture due to its 
specific organic matter and content of macronutrients, particularly N [4]. Moreover, several studies 
have shown that the use of sewage sludge as fertilizer in silvopastoral systems increase the tree and 
pasture production [5] [6] which in Galicia (Spain) is limited by the soil acidity.  
In Europe, sewage sludge has to be stabilized before using them as fertilizer in agricultural systems. 
Anaerobic digestion and composting are two types of sludge stabilization promoted by the EU [7]. 
However, sewage sludge stabilized by these processes contains a high proportion of water. Pelletized 
sewage sludge is derived from the thermic treatment of anaerobic digested sewage sludge in order to 
reduce water content to 2%, which consequently reduces storage, transport and spreading costs 
compared with anaerobic or composted sludge [8]. These processes of stabilization can alter both the 
proportions of macronutrients and of micronutrients in the sludge [8] and rates of incorporation into 
the soil [9].  
The objective of this study was to evaluate the effect of municipal sewage sludge stabilized using 
anaerobic digestion, composting and pelletization on saturation percentage of cations in the soil 
exchange complex and pasture production compared with control treatments (mineral and no 
fertilization) in a silvopastoral system established under Quercus rubra L. 
 
Material and Methods 
The experiment was established in Lugo (NW Spain) on an abandoned agricultural land at an altitude 
of 470 m above sea level. At the beginning of the experiment (2004) the pasture was sown with a 



mixture of Dactylis glomerata L. var. Artabro (12.5 kg ha-1), Lolium perenne L. var. Brigantia (12.5 
kg ha-1) and Trifolium repens L. var. Huia (4 kg ha-1). Quercus rubra L. were planted at a density of 
833 trees ha-1 after pasture sowing in February 2005.The experimental design was a randomized block 
with three replicates and five treatments distributed in experimental units of 192 m2 with 25 trees 
arranged in a frame of 5×5 trees. The treatments consisted of (a) no fertilization (NF); (b) mineral 
fertilization (MIN) with 500 kg ha-1 8:24:16 compound fertilizer (N:P2O5:K2O) at the beginning of the 
growing season and 40 kg N ha-1 before first harvest (MIN); (c) fertilization with anaerobically 
digested sludge with an input of 320 kg total N ha-1 before pasture sowing (ANA); (d) fertilization 
with composted sewage sludge with an input of 320 kg total N ha-1 before pasture sowing (COM) and 
(e) application of pelletized sewage sludge, split into 134 kg total N ha-1 before pasture sowing in 
2004, and 93 kg N ha-1 in spring of 2006 and 2007 (PEL). Sewage sludge was applied superficially 
and the calculation of the required amounts was conducted according to the percentage of total N and 
dry matter contents [8] and taking into account the Spanish regulation (R.D 1310/1990) [9] regarding 
the heavy metal concentration for sewage sludge application. To estimate the effective exchange 
capacity (EEC) a composite soil sample per plot was collected at a depth of 25 cm, as described in the 
RD 1310/1990 [7] in January 2007. In the laboratory the soil samples were air-dried, passed through a 
2 mm sieve and ground with an agate mortar. Then, an extraction with 0.6 N BaCl2 was used to 
determine the concentrations of Al and the exchangeable cations (K, Ca, Mg and Na) [10]. The K, Ca, 
Mg and Na exchangeable concentrations were measured with a VARIAN 220FS Spectrophotometer 
using the atomic emissions for K and Na and the absorptions for Ca and Mg. The Al concentrations 
were analysed after valoration with 0.01 N NaOH using phenolphthalein (1%) in an alcohol-based 
solution as an indicator [10]. The EEC was determined by taking the sum of K + Ca + Mg + Na + Al 
and the saturation percentage of Al, K, Ca, Mg and Na using the quotients Al/EEC, K/EEC, Ca/EEC 
Mg/EEC and Na/EEC, respectively [10]. Annual pasture production was determined by taking four 
samples of pasture per plot at random (0.3 × 0.3 m2) in April, June and November 2006. Data were 
analysed using ANOVA and differences between averages were shown by the LSD test, if ANOVA 
was significant [11]. 
 
Results and discussion 
Figure 1 shows that the Ca saturated percentage in the soil exchange complex was lower when the 
pelletized (PEL) sewage sludge was applied compared with the other treatments (NF, MIN, ANA and 
COM) (p<0.05). The reduction of the Ca saturated percentage in the PEL treatment implied a higher 
Al saturated percentage in this treatment than in the NF treatment and when the composted (COM) 
sewage sludge was applied (p<0.05). These results could be explained mainly by the higher pasture 
production observed in the PEL treatment than in the rest of the treatments (p<0.05) (Figure 2) which 
increased the extraction of cations from the soil in the PEL treatment, being the cations of the 
exchangue complex replaced by the Al as observed [12] in a silvopastoral system established under 
Pinus radiata D. Don in a acid soil fertilized with different doses of anaerobic sewage sludge (160, 
300 and 480 kg N ha-1). In this experiment, the increase of the pasture production associated to the 
PEL treatment could be due to the fact that pelletized sludge (PEL) was applied splitted in different 
years, which probably implied a better incorporation into the soil, increasing availability of cations to 
plants and reducing losses of nutrients. The positive effect of the fertilization with pelletized sewage 
sludge on pasture production compared with anaerobic and composted sludge was previously 
described by other authors in silvopastoral systems established in the same area with Fraxinus 
excelsior L. [13]. Moreover, the variation of the Ca saturated percentage in the soil exchange complex 
found between the three types of sludge analysed in this study could be also explained by its different 
composition and rate of mineralization [8]. The dose of composted sludge applied was higher to meet 
the N required by crops [8] than the dose of anaerobic or pelletized sludge which implied that the 
COM treatment added to the soil around 1770.34 kg Ca ha-1; meanwhile, only 90.53 and 849.11 kg Ca 
ha-1 was added with the ANA and PEL treatments, respectively. Finally, it is important to be aware 
that in spite of the higher levels of Ca inputs in those plots receiving pelletized sludge than anaerobic 
sludge, these plots had a lower Ca saturation percentage in the soil exchange complex, probably due to 
the higher pasture cation extraction because the pasture production was almost double in the PEL 
treatment than in the ANA treatment.  
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Figure 1. Saturation percentage of Al, K, Ca, Mg and Na in soil exchange complex (%) under each 

treatment. NF: no fertilization, MIN: mineral; ANA:  anaerobic sludge, COM: composted sludge and 
PEL: pelletized sludge. Different letters indicate significant differences between treatments. 
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Figure 2. Annual pasture production in 2006 (Mg ha-1) under each treatment. NF: no fertilization, MIN: 
mineral; ANA: anaerobic sludge, COM: composted sludge and PEL: pelletized sludge. Different letters 

indicate significant differences between treatments. 

 
Conclusion 
The application of the dose of pelletized sewage sludge in several times implied an increase of pasture 
production in the understory which reduced the Ca saturated percentage in the soil exchange complex 
and therefore increased the Al saturated percentage compared with the other types of sewage sludge 
evaluated. Pelletized sludge should be recommended among all the types of sludge tested, as it 
increases pasture production and its lower proportion of water than anaerobic sludge and composted 
sludge reduces application and storage costs. 
 
Acknowledgements 
We are grateful to the CICYT, to the Escuela Politécnica Superior de Lugo for facilities; and to José 
Javier Santiago Freijanes, Teresa Piñeiro López, Divina Vázquez Varela, and Pablo Fernández 
Paradela for their help in processing and laboratory work. 
 
References 
[1] EU (European Union), 2005. Council regulation (EC) n° 1698/2005 of Septembre 2005 on support 
for rural development by the European Agricultural Fund for Rural Development. 



http://eurlex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2005:277:0001:0040: EN:PDF (verified 
13 February 2013). 
[2] Mosquera-Losada MR, McAdam JH, Romero-Franco R, Santiago-Freijanes JJ, Rigueiro-
Rodríguez A, 2008. Definitions and componenetes of agroforestry practices in Europe. In: Rigueiro-
Rodríguez A, McAdam JH, Mosquera-Losada MR (Ed.); Advances in Agroforestry Series, Vol. 6, 
Agroforestry in Europe, 3-20, Springer, Dordrecht, The Netherlands. 
[3] EU (European Union), 1991. DOCE nº L 135 30/05/1991. Council Directive 91/271/EEC of 21 
May 1991 concerning urban waste-water treatment.  
http://aragon.ugt.org/mambiente/Normativa/pdf/aguas/aguas_eu_91–271.pdf (verified 13 February 
2013). 
[4] MMA(Ministerio de Medio Ambiente), 2006. Plan integrado de residuos 2007 2015. (Integrated 
waste plan 2007–2015). 
http://www.mma.es/secciones/calidadcontaminacion/residuos/planificacion residuos/pdf/borradorpnir 
anexo5.pdf (verified 13 February 2013). 
[5] Mosquera-Losada MR, Rigueiro-RodrÍguez A, Ferreiro-DomÍnguez N, 2012. Residual effects of 
lime and sewage sludge inputs on soil fertility and tree and pasture production in a Pinus radiata D. 
Don silvopastoral system established in a very acidic soil. Agriculture, Ecosystems and Environment 
161, 165-173. 
[6] Ferreiro-Domínguez N, Rigueiro-Rodríguez A, Mosquera-Losada MR, 2011. Response to sewage 
sludge fertilisation in a Quercus rubra L. silvopastoral system: Soil, plant biodiversity and tree and 
pasture production. Agriculture, Ecosystems and Environment 144, 49-57. 
[7] EEA (European Environmental Agency), 2000. Working document on sludge 3rd draft. Brussels. 
27 April 2000. ENV.E.3/LM.  
http://ec.europa.eu/environment/waste/sludge/pdf/sludge_en.pdf (verified 13 February 2013). 
[8] Mosquera-Losada MR, Muñoz-Ferreiro N, Rigueiro-Rodríguez A, 2010. Agronomic 
characterization of different types of sewage sludge: policy implications. Waste Management 30, 492–
503. 
[8] EPA (Environmental Protection Agency), 1994. Land application of sewage sludge. A guide for 
land appliers on the requirements of the federal standards for the use of disposal of sewage sludge, 40 
CFR Part 503. Environment Protection Agency, Washington, USA. 
[9] BOE (Spanish Official Bulletin), 1990. Real Decreto 1310/1990 29 de Octubre de 1990, que regula 
la utilización de los lodos de depuración (Royal Decree 1310/1990 29th October 1990, that regulates 
the use of sewage sludge). Ministerio Agricultura, Pesca y Alimentación, Madrid, Spain. 
http://www.boe.es/boe/dias/1990/11/01/pdfs/A32339-32340.pdf (verified 10 March 2013). 
[10] Mosquera A, Mombiela FA, 1986. Comparison of three methods for determination of soil Al in 
an unbuffered salt-extract. Communications in Soil Science and Plant Nutrition 17, 97–113. 
[11] SAS, 2001. SAS/Stat User´s Guide: Statistics, SAS Institute Inc., Cary, NC, USA. 
[12] Mosquera-Losada MR, Rigueiro-Rodríguez A, Ferreiro-Domínguez N, 2012. Residual effects of 
lime and sewage sludge inputs on soil fertility and tree and pasture production in a Pinus radiata D. 
Don silvopastoral system established in a very acidic soil. Agriculture, Ecosystems and Environment 
161, 165–173. 
[13] Rigueiro-Rodríguez A, Ferreiro-Domínguez N, Mosquera-Losada MR, 2010. The effects of 
fertilization with anaerobic, composted and pelletized sewage sludge on soil, tree growth, pasture 
production and biodiversity in a silvopastoral system under ash Fraxinus excelsior L. Grass and 
Forage Science 65, 248-259. 


