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RESEARCH

Microbiological activity and N transformations in a soil subjected to aggregate 
extraction amended with pig slurry

Madelaine Quiroz1, and María Teresa Varnero1*

Pig slurry as a fertilizer source has been extensively used in agriculture; however, in order to reduce the risks of contaminating 
the water supplies given its high level of N sources, it is important to understand the N transformations occurring in the 
soil where it is applied. In this study, incubations were performed at 25 °C for a period of 63 to 73 d to evaluate the effect 
of different doses of pig slurry on the global microbiological activity and the N dynamics in time, with an emphasis on N 
mineralization and nitrification in a soil subject to aggregate extraction. The slurry was applied in doses equivalent to: 0, 
162, 244, and 325 m3 ha-1, constituting four treatments: T0, T50, T75, and T100, respectively. The microbiological activity 
and the contents of NH4

+-N and NO3
--N were measured. Increasing doses of slurry produced an increase in the evolution 

of the accumulated CO2, with 63.5, 115.0, 112.7, and 125.7 mg 100 g-1 soil for T0, T50, T75, and T100 respectively. A 
similar situation was observed in the initial contents of NH4

+-N, which were 22.4, 30.3, 44.3, and 60.7 mg kg-1 in each 
treatment, respectively. On the other hand, the increase in NO3

--N contents were only noticed by the end of the incubation 
period and corresponded to 28.6, 69.0, 95.3, and 109.8 mg kg-1. In addition, the net N mineralization was predominant in 
all treatments with slurry during the measurement period, being 9.1, 45.4, 58.1, and 52.7 mg kg-1 for T0, T50, T75 and 
T100, respectively, at the end of the trial. The mineralization rate of the organic C decreased when increasing the dose of 
slurry and the mineralization rate of the organic N resulted to be low, which would indicate a high contribution of material 
resistant to degradation by the slurry, which could have a long term effect in the soil.
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INTRODUCTION

Pig production in Chile has developed mainly due to 
their domestic consumption and, from several years ago 
to their export, where it has been sought to reach the 
high standards of the international markets (INE, 2013; 
ODEPA, 2013). This situation has caused a sustained 
increase in the volumes of pig slurry, the main residue 
of pig farms, and its disposal has turned into a health and 
environmental problem.
	 Pig slurry, which corresponds to a mixture of 
excreta, food debris, rinse water and beds and soil of the 
animals (Peralta, 2005) presents a variable composition, 
depending on the type of production system, climate, 
and size, age and breed of the animals, in addition to 
the type and quantity of feeding. However, some of the 
characteristics common to this waste are its high water 
and high ammonium contents (Sánchez and González, 
2005).

	 In Chile there are no specific rules to treat the slurry, 
but if companies conduct a misuse, they are likely to 
violate some rules of the Chilean legislation affecting 
agriculture, health and public works, among others. There 
are several technologies for the treatment of slurries 
that vary in complexity, cost, and number of operations 
(Varnero et al., 2009). However, there is currently no fully 
consolidated technology that would serve as a reference 
for dealing with these wastes. For that reason, there are 
certain policies for improving the porcine sector, which 
have been translated into the design of a Clean Production 
Agreement (CPA) that includes an Implementation Plan 
for Slurries, as a way of facilitating pig farms to achieve 
international environmental standards by improving the 
levels of competitiveness in the sector, community health 
and quality of the national environment (CNBPA, 2003).
	 The application of pig slurry to soils is one of the most 
commonly used practices in agriculture, due to its low 
cost and fertilizer value, which is based on its high content 
of ammonium forms, which are transformed by the 
microorganisms present in the soil into nitrates, the main 
way of N absorption by the roots of plants (Plaza et al., 
2005). However, the lack of planning in the application 
of slurries to soils promotes the contamination with 
pathogens (Amin et al., 2013), bad odors, proliferation of 
insects and eutrophication of waters (Varnero et al., 2009), 
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in addition to groundwater contamination by leaching of 
nitrates, pathogens (Mantovi et al., 2006; Amin et al., 
2013) and an uncontrolled increase in greenhouse gases 
emissions (Bertora et al., 2008).
	 Soil subjected to aggregate extraction could be a good 
alternative for application of pig slurry. The slurry could 
be utilized as N source in establishing crops on these soils, 
as part of a rehabilitation program. In the last decades 
these types of soils have increased, since there has been 
a growth in aggregate extraction tasks, especially in the 
Metropolitan Region, Chile, as a result of the expansion 
of the city (Martínez, 2003).
	 During aggregate extraction from agricultural soils, 
cutting of vegetation and soil movement is produced, 
causing a loss of vegetation cover and soils; as a result, 
the soil surface loses its structure, can change its texture 
and might decrease its level with respect to the original 
soil, thus reducing the distance to the water table 
(Adasme, 2002). This is why in these types of soil, a boost 
is necessary for their recovery, which is based on the use 
of organic amendments that would contribute to improve 
their physical, chemical, and biological properties 
(Gálvez et al., 2011). In this context, pig slurries arise as 
an alternative to N fertilization of easy implementation 
and low cost, which could be considered in fertilization 
plans (Lopez-Ridaura et al., 2009).
	 Implementation Plan for Slurries establishes a 
characterization of the residue, an identification of the 
generation source prior to soil application (CPL, 2005). 
For these reasons it is convenient to know the effects 
of applying different doses of pig slurry on the global 
microbiological activity and transformations of soil 
N. This type of study could contribute to reduce the 
excess of N with the subsequent leaching of nitrates and 
groundwater contamination in the soils resulting from 
aggregate extraction. For this purpose, incubations in the 
laboratory of soil mixed with pig slurry, under controlled 
conditions of moisture and temperature, have been shown 
to be useful tools delivering valuable information on the 
potential C and N mineralization (Busby et al., 2007).
	 Therefore, the objective of this work was to study 
how different doses of pig slurry affect the global 
microbiological activity and the N dynamics in time, with 
an emphasis on N mineralization and nitrification in a soil 
subjected to aggregate extraction in aerobic laboratory 
conditions.

MATERIALS AND METHODS

The soil used in this experiment was obtained from the 30 
cm surface layer of an anthropic soil. This soil is classified 
as Typic Xerochrepts, Inceptisol (Soil Survey Satff, 2003) 
generated by aggregate extraction in Germán Greve Silva 
Experimental Agricultural Station, located in Rinconada 
de Maipú (33º28’ S, 70º50’ W). A general characterization 
of a composite soil sample was performed, as shown in 

Table 1 (CNA, 2004). The soil was air-dried, sieved to 2 
mm and kept at 5 ºC.
	 The slurry was collected from a pig farm with a 
confined-animals production system located on the road to 
Lonquén. A general characterization of a composite sample 
of pig slurry was performed (APHA, 2005) (Table 1). To 
determine the effect slurry, the soil was mixed manually 
with different doses of slurry, these were compared with 
a control treatment without addition of slurry, establishing 
four treatments. The doses used corresponded to three 
dilutions of slurry in water: 50%, 75%, and 100% of slurry. 
T0: Soil + 0% slurry (control treatment), T50: Soil + 50% 
slurry (equivalent to 162 m3 slurry ha-1), T75: Soil + 75% 
slurry (equivalent to 244 m3 slurry ha-1) and T100: Soil + 
100% slurry (equivalent to 325 m3 slurry ha-1). 

Determination of global microbiological activity and 
organic C of soil and pig slurry mixtures
The global microbiological activity in the soil was 
determined as CO2 evolution (CO2-C 100 g-1 soil) by the 
method proposed by Anderson (1982), whose principle is 
based on the capture of CO2 produced by respiration from 
a wet soil in a 0.1 M NaOH solution. The amount of NaOH 
remaining after a known incubation period is determined 
by titration with a standard acid. This procedure was 
performed with 25 g soil samples with a water content 
adjusted to 80% of the available moisture, put into plastic 
containers each 1L in triplicate, for aerobic incubation 
experiment at 25 °C, for a period of 73 d, changing the 
alkaline solution every 2 or 3 d; from day 15, determinations 
were performed every 5 to 7 d. The percentage of organic 
C was determined by wet combustion, at the beginning 
and at the end of the incubation period. This method 
is based on the oxidation of the organic matter of the 
sample using sodium dichromate in a strong sulfuric acid 
medium. After the occurrence of the reaction, the reduced 
chromate is colorimetrically measured (CNA, 2004). 
The mineralization rate of the organic C at the end of the 
incubation period was calculated as the ratio between 
the percentage of C evolved as accumulated CO2 in each 
treatment at the 73 d of incubation and the percentage of 
organic C at the beginning of the treatments. 

Textural class	           Sandy loam	 -
pH water (soil 1:2,5)	 8.0	 6.7
Organic matter, % (Walkley-Black method)	 1.05	 -
Organic matter, % (calcination method)	 2.82	 47.0
Organic C, g L-1	 -	 27.8
Electrical conductivity, dS m-1	 0.3	 21.5
Density, Mg m-3	 1.29	 1.03
Total N, %	 0.06	 0.25
Total N, g L-1	 -	 2.50
NH4

+-N, mg kg-1	 0.2	 1.182
NO3

--N, mg kg-1	 22.2	 24.0
C/N	 10.2	 11.1
Total solids, %	 92.5	 7.7
Soluble solids, %	 -	 5.1

Table 1. General characterization of pig slurry and soil subjected to 
aggregate extraction.

Analysis Soil Pig slurry
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Figure 1. Evolution of acumulated CO2-C during the incubation 
period of 73 d under controlled laboratory conditions in a soil 
subjected to aggregate extraction with different doses of pig slurry. 
Bars correspond to the standard deviation (n = 3).

Determination of N mineralization of soil and pig 
slurry mixtures
The mineral N levels (NH4

+ and NO3
-) (mg kg-1 soil) were 

measured in 25 g soil samples with a water content adjusted 
to 80% of the available moisture, put into polyethylene 
bags in triplicate, for aerobic incubation experiment at 25 
°C; the sampling was performed every 7 d over a period of 
63 d for each treatment according to Bremner (1996). This 
method is based on an extraction step with 2 N KCl; a 
posterior steam distillation with magnesium oxide (MgO) 
for determining NH4

+ and an addition of Devarda’s alloy 
in the same extract for another steam distillation. Finally, 
the extract was titrated with a standardized acid for 
both determinations. Inorganic N was calculated adding 
NH4

+-N and NO3
--N. The organic N was obtained from 

the difference between the total N and the mineral N for 
each treatment. Additionally, net N mineralization was 
obtained by the difference between the mineral N at the 
end and at the beginning of the incubation period for each 
treatment. The mineralization rate of the organic N at the 
end of the incubation period was calculated as the ratio 
between the percentage of net mineralization at the end of 
the incubation period and the percentage of organic N at 
the beginning of each treatment.

Experimental design and data analysis
A completely randomized design consisting of four treatments 
(control, 50%, 75%, and 100% of slurry) with three replicates 
each was conducted. The experimental unit used to determine 
the global microbiological activity corresponded to a 
composite soil sample placed inside a plastic container. In 
the case of mineral N determination, a composite soil sample 
placed in a polyethylene bag was used.
	 After checking the normality and homogeneity 
assumptions of the variances, data were analyzed using 
ANOVA (P ≤ 0.05) and Tukey’s multiple comparison 
test (P ≤ 0.05) when significant differences were 
observed between treatments. The statistical analysis 
was done using the software Statgraphics Plus (StatPoint 
Technologies, Warrenton, Virginia).

RESULTS AND DISCUSSION

Global microbiological activity: mineralized CO2-C 
The addition of pig slurry to the soils caused an increase 
in the evolution of CO2 compared to the control treatment 
(T0). The major CO2 evolutions occured during the first 
43 days, after a short lag phase in the soils treated with 
slurry and a most extensive one in the control treatment 
(Figure 1), which is consistent with the contribution of 
easily degrading C and N sources by the slurry (Amon 
et al., 2006), in addition of exogenous heterotrophic 
microorganisms present in the waste. On the other hand, 
the rapid increase of CO2 in the early days, would be also 
due to the wetting and sieving of the soil, which generates 
aeration and exposes organic C fractions which in the soil 

would be protected from the action of microorganisms, 
similar results were found by Cayuela et al. (2009). From 
day 44 the evolution of CO2 was reduced, which is related 
to the depletion of labile C and N sources and, moreover, 
with the prevalence of microbial activity related to the 
sources of C and N more resistant to microbial degradation 
(Guerrero et al., 2007).
	 The highest accumulated respiration was found in the 
treatment with the highest dose of slurry (T100), which 
would contain the greatest amount of easily degradable 
organic compounds supplied by the slurry (Halil et al., 
2015). No significant differences were observed between 
treatments T50 and T75 (Table 2), which was also 
observed during the incubation period (Figure 1). 
	 The mineralization rates of organic C for T75 and T100 
resulted significantly lower than the control, which could 
be attributed to the existence of C sources more resistant 
to microbial degradation, supplied by the slurry; while 
T50 presented the highest mineralization rate of organic 
C (Table 2).
	 Regarding the organic C at the beginning of the 
incubation period, the highest value was determined in 
treatments T75 and T100 (Table 3), which contained 
the highest amounts of organic C provided by the slurry, 
without significant differences between them, although 
T100 organic C > T75 organic C. A similar situation was 
observed in treatments T50 and T75, T75 organic C > T50 
organic C. The control treatment presented an organic C 

T0: Soil + 0% Pig slurry 
T50: Soil + 50% Pig slurry
T75: Soil + 75% Pig slurry
T100: Soil + 100% Pig slurry

Table 2. Cumulative CO2-C mineralization and mineralization 
rate of organic C at the end of the incubation period of 73 d in an 
anthropic soil subjected to aggregate extraction.

Treatments
CO2-C mineralization
(mg 100 g-1 dry soil)

Different vertical lower-case letters indicate significant differences (P ≤ 
0.05) among the different treatments for the mineralized CO2-C and the 
mineralization rate of organic C, respectively.

Mineralization rate 
of organic C

63.5c
115.0b
112.7b
125.7a

110.41b
  13.58a
    9.38bc
    8.27c
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Different lower-case letters indicate significant differences (P ≤ 0.05) 
among the different treatments for NH4

+-N, NO3
--N and mineral N for 

days 0 and 63, respectively. 

Figure 2. NH4
+-N, NO3

--N and mineral N at the beginning and at the 
end of the incubation period of 63 d for the different doses of pig 
slurry in an anthropic soil subjected to aggregate extraction. 

Figure 3. NH4
+-N evolution in samples incubated for a period of 63 

d for treatments T0, T50, T75, and T100. Bars indicate standard 
deviation (n = 3).

content significantly lower compared with T75 and T100. 
However, it was observed that increasing amounts of slurry 
tended to increase the organic C.
	 For the same treatment, at the beginning and at the 
end of the incubation period, a decrease in organic C was 
observed in all treatments with slurry, being significant 
for T50 and T100 (Table 3). Thus, in the slurry treatments, 
the decrease percentages of the organic C with respect 
of the initial organic C were 24.4%, 30.8%, and 46.7% 
for treatments T50, T75, and T100, respectively. This 
decrease in organic C would be a consequence of a loss 
of C measured as CO2 evolution from the labile organic C 
provided by the pig slurry and also by the C assimilated by 
the microbial biomass (Plaza et al., 2007). In the control 
treatment no reduction in the organic C was observed, 
which was expected since there were no labile C entries 
to the system and because the measure of organic C from 
soils is poorly sensitive to changes over short periods of 
time (Haynes, 2005).

Dynamics of mineral N
The concentrations of NH4

+-N and NO3
--N of the control 

and the slurry-treated soils at the beginning and at the end 
of the trial are shown in Figure 2. It was observed that 
the initial addition of pig slurry significantly increased 
the content of NH4

+-N, especially in those treatments with 
higher doses. Similar results were found by Plaza et al. 
(2005), Guerrero et al. (2007) and Fangueiro et al. (2014). 
Plaza et al. (2005) and Fangueiro et al. (2014), when 
adding the pig slurry to the soil and Guerrero et al. (2007) 
when using the solid fraction of the slurry. This situation 
was not observed in the NO3

--N content, due to the small 
amount of it provided by the slurry. Thus, the NH4

+-N 
constituted from a 0.89% in the control treatment to a 
59.8% in T100. Conversely, at the end of the incubation 
period, the NO3

--N content was the one that increased 
significantly in the treatments with higher applications. 
In this case, the NO3

--N constituted from 90.8% in the 
control treatment to 96.8% in T100. 
	 In synthesis, nitrification occurred in all treatments and 
was significantly higher in those with slurry applications, 
given the high content of NH4

+-N provided by this waste 
and by the mineralizable organic N in the short term. 
For that reason, a decrease in the NH4

+-N content was 
observed in time (Figure 3), followed by an increase of 

NO3
--N (Figure 4), whose content would be also related 

to the action of nitrifying microorganisms from the 
beginning of the incubation period.
	 Regarding the mineral N, an initial increase was 
observed after the application of the pig slurry, which is 
related to the contribution of NH4

+-N by these residues; 
later, during the incubation period, fluctuations occurred 

T0: Soil + 0% Pig slurry 	 0.61Ac	 0.60Aa
T50: Soil + 50% Pig slurry	 0.86Abc	 0.65Ba
T75: Soil + 75% Pig slurry	 1.20Aab	 0.83Aa
T100: Soil + 100% Pig slurry	 1.52Aa	 0.81Ba

Table 3. Organic C at the beginning and at the end of the incubation 
period of 73 d in an anthropic soil subjected to aggregate extraction.

Treatments

Different vertical lower-case letters indicate significant differences (P ≤ 0.05) 
among different treatments for organic C. Different horizontal capital letters 
indicate significant differences (P ≤ 0.05) for organic C between the beginning 
and the end of the incubation period for an equal treatment.

Day 0
Organic C (%)

Day 73
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which are attributed to a transient immobilization by the 
microbial biomass. Finally, the mineral N increased due to 
an increase in the concentration of NO3

--N and, because 
of that, during the incubation period the mineral N was 
determined by the dynamics observed for the NO3

--N 
(Figure 5).

Net mineralization and net N mineralization rate
The highest values of net N mineralization were obtained 
in T75 and T100 with no significant differences between 
these treatments. On the other hand, the lowest value 
was obtained in the control treatment, with significant 
differences between the samples treated with slurry 
compared to the control (Figure 2).
	 In this study, no significant differences in the 
mineralization rate of the organic N between treatments 
were observed (Figure 2); although there seemed to 
be a tendency of a lower mineralization rate when 
increasing the doses of pig slurry, similar to the results 
found by Plaza et al. (2005). This would indicate that a 
high proportion of organic N in the pig slurry would be 

resistant to mineralization and, hence, this fraction may 
have a long-term effect on the soil. 
	 On the other hand, the results of the mineralization 
rate of the organic N are consistent with those obtained 
in the mineralization rate of the organic C, where a higher 
dose of pig slurry resulted in a lower mineralization 
rate. Furthermore, it has been reported that increasing 
concentrations of mineral N could inhibit the degradation 
of recalcitrant materials (Carreiro et al., 2000), which 
could explain the mineralization rate of the organic C and 
mineralization rate of the organic N results in this study.
	 In the present study, net immobilization only occurred 
in the control treatment (T0) on the first 2 wk, with net 
mineralization being observed at all sampling times in 
the treatments with pig slurry (Figure 6), being the net 
mineralization higher in the soils treated with slurries 
respect to the control. These results differ from those 
obtained in other studies (Plaza et al., 2005; Fangueiro 
et al., 2010), where net mineralization was higher and in 
some cases equal in the control soils with respect to the 
pig slurry amended soils, which showed N immobilization 
at various sampling times.
	 The absence of an initial net immobilization in the 
slurry treatments could be explained by the addition 
of easily degradable C sources and by the microbial 
population supplied by the pig slurry (Amon et al., 2006), 
suggesting that this could be related to the increased 
net mineralization observed in these treatments. While 
it is true that in the treatments amended with pig slurry 
no net immobilization was determined, this does not 
mean that this process has not occurred, but rather that 
mineralization was quantitatively greater, since both 
processes occur simultaneously (Amlinger et al., 2003; 
Haynes, 2005).
	 In general it is accepted that C/N of the waste, 
together with their type and biochemical composition, 
is related to the amount of N released, where ranges of 
C/N are set to define the process of mineralization-net N 
immobilization. Thus, C/N values ≤ 20-30 would promote 

Figure 6. N mineralization evaluation for treatments: T0, T50, T75, 
and T100. Bars indicate standard deviation (n = 3).

Figure 4. NO3
--N evolution in samples incubated for a period of 63 d for 

treatments T0, T50, T75, and T100. Bars indicate standard deviation 
(n = 3).

Figure 5. Mineral N evolution in samples incubated for a period of 
63 d for treatments T0, T50, T75, and T100. Bars indicate standard 
deviation (n = 3).
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N mineralization; however, C/N values ≥ 30-40 would 
favor N immobilization processes. Hence, in the pig slurry 
with a C/N of 11.1, net mineralization predominates, 
increasing when rising the amount of slurry applied to the 
soil (Murphy et al., 2011).
	 Furthermore, a significant correlation between 
accumulated CO2-C and mineral N between treatments 
(r = 0.88) and between accumulated CO2-C and net N 
mineralization (r = 0.96) was observed. In general, a 
positive correlation was expected between these variables, 
as they are closely related to the metabolic activity that 
would come from the active component of the organic 
matter, and would reflect the accumulation of labile 
organic C and N and NH4

+ resulting from the addition of 
pig slurry to the soil.

CONCLUSIONS

The application of crescent doses of pig slurry to the 
soil significantly increased the initial pool of organic 
carbon, by raising the microbial activity measured as 
CO2 evolution. A similar increase occurs with ammonia, 
which is rapidly oxidized to nitrate, producing a parallel 
increase of mineral N in the short term; this situation is 
of great importance due to the high mobility of NO3

--N in 
the soil. Additionally, the rate of organic N mineralization 
was low, indicating that the slurry may contain levels of 
slowly-degrading organic N for microorganisms, which 
could have long term effects on the soil.

LITERATURE CITED

Adasme, C. 2002. Consideraciones ambientales y de uso 
del territorio relacionadas con actividades extractivas de 
áridos. Simposio Internacional de Geología Ambiental 
para Planificación del Uso del Territorio, Puerto Varas. 4-6 
de Noviembre. Servicio Nacional de Geología y Minería 
(SERNAGEOMIN), Santiago, Chile.

Amin, M., A. Forslund, X. Thanh Bui, R. Juhler, S. Petersen, and 
M. Lægdsmand. 2013. Persistence and leaching potential of 
microorganisms and mineral N in animal manure applied to 
intact soil columns. Applied and Environmental Microbiology 
79:535-542.

Amlinger, F., B. Götz, P. Dreher, J. Geszti, and C. Weissteiner. 
2003. Nitrogen in biowaste and yard waste compost: dynamics of 
mobilisation and availability: a review. European Journal of Soil 
Biology 39:109-116.

Amon, B., V. Kryvoruchko, T. Amon, and S. Zechmeister-
Boltenstern. 2006. Methane, nitrous oxide and ammonia 
emissions during storage and after application of dairy cattle 
slurry and influence of slurry treatment. Agriculture, Ecosystems 
& Environment 112:153-162.

Anderson, J. 1982. Soil respiration. p. 831-871. Nr 9. In Page, A.L., 
R.H. Miller, and D.R. Keeney (eds.) Methods of soil analysis. Part 
2. Chemical and microbiological properties. 2nd ed. Soil Science 
Society of America, Madison, Wisconsin, USA.

APHA. 2005. Standard methods for the examination of water and 
wastewater. 21st ed. American Public Health Association (APHA), 
Washington, D.C., USA.

Bertora, C.H., F. Alluvione, L. Zavattaro, J.W. van Groenigen, 
G. Velthof, and G. Grignani. 2008. Pig slurry treatment 
modifies slurry composition, N2O, and CO2 emissions after soil 
incorporation. Soil Biology and Biochemistry 40:1999-2006.

Bremner, J. 1996. Nitrogen total. p. 1103-1108. In Spark, D., A. 
Page, P. Helmke, R. Loeppert, P. Soltanpour, M. Tabatabai, et 
al. (eds.) Methods of soil analysis. Part 3. Chemical methods. 
Soil Science Society of America (SSSA) Book Series 5. SSSA, 
Madison, Wisconsin, USA. 

Busby, R.R., H.A. Torbert, and D.L. Gebhart. 2007. Carbon and 
nitrogen mineralization of non-composted and composted 
municipal solid waste in sandy soils. Soil Biology and 
Biochemistry 39:1277-1283.

Carreiro, M.M., R.L. Sinsabaugh, D.A. Repert, and D.F. Parkhurst. 
2000. Microbial enzymes shifts explain litter decay responses to 
simulated nitrogen deposition. Ecology 81:2359-2365.

Cayuela M., T. Sinicco, and C. Mondini. 2009. Mineralization 
dynamics and biochemical properties during initial 
decomposition of plant and animal residues in soil. Applied 
Soil Ecology 41:118-127.

CNA. 2004. Manual de técnicas y procedimientos para el análisis 
de suelos y tejidos vegetales. 53 p. Comisión de Normalización 
y Acreditación (CNA), Sociedad Chilena de la Ciencia del Suelo, 
Santiago, Chile. 

CNBPA. 2003. Especificaciones técnicas de buenas prácticas 
agrícolas: Producción de cerdos. 40 p. Comisión Nacional de 
Buenas Prácticas Agrícolas (CNBPA), Ministerio de Agricultura, 
Santiago, Chile. 

INIA. 2005. Recomendaciones técnicas para la gestión ambiental en 
el manejo de purines de la explotación porcina. In Peralta, J.M. 
(ed.) Colección Libros INIA 18. 206 p. Instituto de Investigaciones 
Agropecuarias (INIA), Santiago, Chile.

Fangueiro, D., J. Coutinho, L. Borges, F. Cabral, and E. Vasconcelos. 
2014. Nitrogen and carbon availability of liquid and solid fractions 
of pig slurry obtained using different separation technologies. 
Biology and Fertility of Soils 50:333-341.

Fangueiro, D., H. Ribeiro, J. Coutinho, L. Cardenas, H. Trindade, C. 
Cunha-Queda, et al. 2010. Nitrogen mineralization and CO2 and 
N2O emissions in a sandy soil amended with original or acidified 
pig slurries or with the relative fractions. Biology and Fertility of 
Soils 46:383-391.

Gálvez, A., T. Sinicco, M.L. Cayuela, M.D. Mingorance, F. 
Fornasier, et al. 2011. Use of organic residues for the recovery 
of soil and environmental sustainability. International Journal of 
Environmental Quality 7:33-40. 

Guerrero, C., R. Moral, I. Gómez, R. Zornoza, and V. Arcenegui. 
2007. Microbial biomass and activity of an agricultural soil 
attended with the solid phase of pig slurries. Bioresource 
Technology 98:3259-3264.

Halil, I., R. Zornoza, A. Faz, A. Büyükkilic, and A. Mermut. 2015. 
Evaluation of carbon and nitrogen dynamics in different soil types 
amended with pig slurry, pig manure and its biochar by chemical 
and thermogravimetric analysis. Biology and Fertility of Soils 
51:183-196.

Haynes, R. 2005. Labile organic matter fractions as central 
components of the quality of agricultural soils: An overview. 
Advances in Agronomy 85:221-268.

INE. 2013. Producción pecuaria. Período 2007-2012 y primer 
semestre 2013. 56 p. Instituto Nacional de Estadísticas (INE), 
Santiago, Chile.

Lopez-Ridaura, S., H. van der Werf, J. Paillat, and B. Le Bris. 2009. 
Environmental evaluation of transfer and treatment of excess 
pig slurry by life cycle assessment. Journal of Environmental 
Management 90:1296-1304.

Mantovi, P., L. Fumagalli, G.P. Beretta, and M. Guermandi. 2006. 
Nitrate leaching through the unsaturated zone following pig slurry 
applications. Journal of Hydrology 316:195-212. 

Martínez, P. 2003. Rol de la industria de la construcción en el 
desarrollo sustentable. Revista Ambiente y Desarrollo de 
CIPMA 19:19-25.

Murphy, D.A., W.R. Cookson, M. Braimbridge, P. Marschner, D.L. 
Jones, et al. 2011. Relationships between soil organic matter 
and the soil microbial biomass (size, functional diversity, and 
community structure) in crop and pasture systems in a semi-arid 
environment. Soil Research 49:582-594. 



357356 CHILEAN JOURNAL OF AGRICULTURAL RESEARCH 75(3) JULY-SEPTEMBER 2015CHILEAN JOURNAL OF AGRICULTURAL RESEARCH 75(3) JULY-SEPTEMBER 2015

ODEPA. 2013. Carne porcina. Oficina de Estudio y Políticas Agrarias 
(ODEPA), Santiago, Chile. Available at http://www.odepa.cl/wp-
content/files_mf/138626147813046.pdf (accessed July 2014).

Peralta, J.M. (ed.) 2005. 206 p. Recomendaciones técnicas para 
la gestión ambiental en el manejo de purines de la explotación 
porcina. Instituto de Investigaciones Agropecuarias INIA, 
Ministerio de Agricultura, Santiago, Chile. 

Plaza, C., J. García-Gil, and A. Polo. 2005. Dynamics and model 
fitting of nitrogen transformations in pig slurry amended soils. 
Communications in Soil Science and Plant Analysis 36:2137-2152.

Plaza, C., J. García-Gil, and A. Polo. 2007. Microbial activity 
in pig slurry-amended soils under aerobic incubation. 
Biodegradation 18:159-165.

Sánchez, M., and J. González. 2005. The fertilizer value of pig 
slurry. I. Values depending on the type of operation. Bioresource 
Technology 96:1117-1123.

Soil Survey Staff. 2003. Keys to soil taxonomy. 9th ed. 332 p. Natural 
Resources Conservation Service, USDA, Washington D.C., USA. 

Varnero, M.T., S. Muñoz, y R. Zúñiga. 2009. Valorización agrícola 
de purines porcinos procesados con aserrín de pino. Información 
Tecnológica 6:85-92.


