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1 INTRODUCTION  

Silvopastoral systems are ancient farming systems in the world, consisting of the combination of a woody 

component (tree or shurbs) and crops and/ or animals within the same land-management unit (Rigueiro-Rodríguez et 

al., 2009). Organic fertiliser use is promoted by EU (86/278/CEE) and Spanish regulations (R.D 1310/1990) due to 

the physical soil improvements it causes and the recycling of the nutrient of the wastes from animal or vegetal 

residue. Liming improves, in general, acid soil physical properties through the increment of soil pH (Smith, 1996), 

cation exchange capacity and the microbial activity (Bailey, 1995) which causes organic mineralization and 

therefore nutrient release (Wheeler, 1998) in acid soils. These soil improvements caused by liming may increase 

pasture productivity and quality, as soil nutrient availability increase (Mosquera-Losada et al., 2006a, López-Díaz et 

al., 2007). 

Environmental monitoring of sewage sludge use is usually focussed on heavy metals due to the higher 

concentration in sewage sludge than in soils. Heavy metal environment concerns are usually more important in acid 

soils because heavy metal solubility is normally increased when soil pH is reduced (Smith, 1996). Nickel and 

cadmium are two of the heavy metals that should be considered to apply sewage sludge in soils following the 

Spanish regulations, besides Cu, Zn, Cr, Hg and Pb.  

In general, the contribution of sewage sludge as fertilizer at a high dose causes an increment of heavy 

metals in in soil (Canet et al., 1998) especially in the area in which the sewage sludge is incorporated (Alloway, 

1995). In any case, the available proportion of heavy metals is lower than the total concentration in soil (Kabata and 

Pendías, 1985) since heavy metals are mostly linked to organic matter and present some facility to be washed off 

when the water from precipitation goes down through the profile (Kabata and Pendias, 1985; Loué 1988). 

The effect of sewage sludge inputs on nickel and cadmium availability usually depends on the initial soil 

pH, therefore it can be affected by lime additions (Kabata and Pendias, 1985). Sewage sludge inputs in acid soils 

increased the availabity of Ni (Barbarick et al., 1998) and Cd although pH is also slightly increased (Tsadillas et al., 

1995) as a result of the calcium inputs done with the sludge. However, in neutral or basic soil nickel availability 

variations caused by sludge inputs tends to be zero (Canet et al., 1998), provided it does not increase the acidity and 

uptake of this nutrient by plants (Tsadillas et al., 1995). 

The aim of this study was to evaluate the effects of lime and two dose of sewage sludge applied in three 

differents dates on pH, and on the concentration of Ni and Cd in soil and pasture in a silvopastoral systems 

developed under Pinus radiata D. Don established in a forest soil. 

 

2 MATERIALS AND METHODS 

The experiment was located in the San Breixo Forest Community (Guitiriz, NW Spain). A plantation of Pinus 

radiata D. Don was established at a density of 1667 trees ha
-1

 after the harvesting of a Pinus radiata D. Don stand 

30 years old. Scrubland was the main understory vegetation. When the forestry plants were one year old, in October 

1999, an experiment was established in 39 (13 treatments x 3 replicas) experimental units of 12 x 8 m
2
, each one 

consisting of 25 trees arranged in a 5x5 grid. The experimental design was a randomised block with three replicates.  

The treatments consisted of two doses of sewage sludge comprising 50 (B: low) and 100 (A: high) kg 

total N ha
-1

, applied on three different dates (1. beginning of February; 2. early March, and 3. early April) to limed 

and unlimed plots. A no-fertilisation (NF) treatment was used as a control. Fertilisation with sewage sludge was 

conducted during the years 2000, 2001, 2002 and 2003. In this paper only results from five treatments: control (NF) 

, limed and low (LL) and high dose (LH)of sewage sludge and unlimed and low (LH) and high (UH) dose of sewage 
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sludge applied in early April are shown. After the addition of lime a mixture of 25 kg ha 
-1

Lolium perenne L. var. 

Brigantia, 4 kg ha
-1

 Trifolium repens L. var. Huia, and 10 kg ha
-1

 Dactylis glomerata L. var. Artabro was sown. The 

sewage sludge was anaerobically stabilised and met the requirements for use in agriculture laid down by Spanish 

regulations (RD 1310/1990).  

Three surveys were conducted before each harvest in 2002 while in 2003 two samplings were carried out 

in 2003This paper shows the results for cadmium and nickel concentrations at harvests in 2002 and 2003. Every 

survey consisted of taking four samples (each 0.30 m x 0.3 m) of pasture. The samples were transported to the 

laboratory and the Ni and Cd concentration of the pasture was estimated after a digestion in microwave (CEM, 

1994) and analysis by spectrophotometer (VARIAN 880FS). Soil samples were taken at beginning of 2004 at a 

depth of 25 cm and transported to the laboratory, where the water and KCl pH (1:2.5) and total Ni and Cd 

concentrations in soil (microwave digestion with nitric acid (CEM, 1994) and analysis by spectorphotometer 

(VARIAN 880FS) were determined. 

Data were analyzed using ANOVA and, when significant, differences between averages were shown by 

the LSD test using the statistical package SAS (SAS, 2001). 

 

3 RESULTS AND DISCUSSION  

ANOVA results show that the soil water pH was significantly influenced by lime (p<0.05), and organic matter by 

lime and sewage input dose (p<0.05). Nickel and Cadmium total concentrations in soil were not influenced by 

different treatments applied. Soil pH, Cd and Ni concentrations in 2004 can be seen in Figure 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE1 Water and KCl pH, total Cd and Ni concentration (mg kg-1) in soil in each treatment in 2004. 

Where: NF: no fertilisation, LL: lime+low sewage sludge dose (50 kg N ha-1 total); LH: 

lime+high sewage sludge dose (100 kg N ha-1 total) UL: No lime+low sewage sludge dose (50 kg 

N ha-1 total); UH: No lime+high sewage sludge dose (100 kg N ha-1 total) applied in early April. 

Different letters indicate significant differences between treatments. 

 

Initial soil analyses revealed a low water (4.28) pH. In January 2004, water and KCl pH values were 

between 4.7-5.3 and 3.9-4.4, respectively. These results indicate that this is an acid soil according to Porta et al., 

(2005). Both water and KCl pH were only significantly increased when a combination of lime and a high dose of 

sewage sludge were added to the soil with respect to no fertilised control treatment as was found in a silvopastoral 

system developed with Populus x euroamericana (Mosquera-Losada et al., 2010). 
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Total soil Ni concentration values were between 14-18 mg kg
-1

, being them in the low part of the range 

defined by Carter (1993) and Alloway (1995). Moreover, total soil Cd levels were also in the low range provided by 

Kabata and Pendias (1985) and Merckx et al. (1990). Both heavy metals were below the values considered as 

phytotoxic by Kabata and Pendias (1985) for Ni (100 mg kg
-1

) and Cd (3-8 mg kg
-1

). Although, there were not found 

significant effects of treatments on total soil Ni and Cd levels, both heavy metals tended to be higher when both lime 

and high dose of sludge were applied. 

 

TABLE 1 Concentrations of Cd and Ni in pasture (mg kg-1) in the harvests of May, July and December 

2002 and June and December 2003. LL: lime+low sewage sludge dose (50 kg N ha-1 total); LH: 

lime+high sewage sludge dose (100 kg N ha-1 total) UL: No lime+low sewage sludge dose (50 kg 

N ha-1 total); UH: No lime+high sewage sludge dose (100 kg N ha-1 total) applied in early April. 

Different letters indicate significant differences between treatments. 

 

Table 1 shows the Ni and Cd concentrations in pasture performed during the study. No significant effects 

were found in Ni concentration in pasture, but treatment affected Cd pasture concentration, but levels were 

significant modified by the date of harvest. The range of Ni concentrations in pasture in this experiment was 2.28-

12.74 mg kg
-1

, which is within the low part of the range described as usual (10-80 mg kg
-1

) by Loué (1988). Ni 

content was higher in the third harvest and very low subsequently. The levels of Ni in soil did not change between 

treatments. On the other hand, Cd levels were also in the low part of the range described as usual by Fergusson 

(1990). The inputs of low dose of sewage sludge without liming significantly increased the values of Cd in plant in 

the last three evaluated harvests. Lime usually reduces bioavailability of Cd which explains why limed treatments 

did not increase the concentration of Cd in pasture. However, the addition of high doses of sewage sludge only 

significantly increased the levels of Cd in pasture in the first harvest, probably due to the higher cadmium inputs 

performed with this treatment. 

There is some disagreement about the essentiality and function of Cd in both plants and animals, although 

there is general consensus about their benefits for animal growth. However, its deficiency is rare, because the 

quantities needed are very small, although necessary, for example, minimal concentrations for feeding goats are 

above 0.1 mg kg
-1

 (Lamand, 1981) and largely exceeded in our study. However, the nickel values of this study are 

always below the levels set as harmful for livestock like cow, sheep or horses (50 mg kg
-1

) (NRC, 2000). 

 

4 CONCLUSIONS  

In general, when a combination of lime and high dose of sewage sludge was applied it increased the pH, but no 

increment of nickel and cadmium in soil were found, probably due to the low inputs done with the sludge. However, 

the low dose of sewage sludge without liming increased the levels of Cd in  Pasture. In any case the reached values 

for Cd or Ni can be considered as harmful for animals or plants 
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