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ABSTRACT

Carbones del Cerrejon Limited, a coal mining company
located in the department of La Guajira, Colombia for more
than 25 years has implemented the process of rehabilitating
land used for mining once the operations are concluded,
closing the mining cycle. The main objective was to
characterize the edaphic properties in a chronosequence of
land rehabilitation (0, 5, 10, 15, 20 years) and the control. Soil
sampling was performed at depths of 0-3, 8-11, 16-19 and
24-27cm; with the following physical properties (bulk density,
fine granulometry) and chemical properties (pH, electric
conductivity, organic carbon, cationic exchange capacity,
Phosphorus, interchangeable cations), following the Agustin
Codazzi Geographic Institute protocols. The results indicated
that there are significant differences in the behavior of all
edaphic parameters except Electric Conductivity. Additionally,
it was found that most of the evaluated properties, after 20
years ago, presents conditions close to those of areas not
intervened by the mining, giving indications of stability and
new pedogénesis, that during the first years of rehabilitation
was not possible to detect because of its high variability in the
soil layer applied on the sterile rock dump (30cm). Based on
this, we conclude that the properties of the rehabilitated soils
under the model implemented, in semi-arid environmental
conditions and without anthropic pressure, give indications of

progressive evolution with similar quality to the undisturbed
soils in the area.

Keywords: rehabilitation, pedogenesis, mining.
RESUMEN

Carbones del Cerrején Limited, empresa de mineria de car-
bén, ubicada en el departamento de La Guajira, Colombia,
por mas de 25 anos, ha implementado el proceso de reha-
bilitacién de tierras intervenidas por la mineria, una vez fina-
lizan las operaciones, cerrando el ciclo minero. Se planted,
como objetivo general, caracterizar las propiedades edéficas
en una cronosecuencia de rehabilitacién (0, 5, 10, 15, 20
anos) y testigo. El muestreo de suelos, se realizé a profundi-
dades de 0-3, 8-11, 16-19 y 24-27cm, con determinaciones
de propiedades fisicas (densidad aparente, granulometria
fina) y quimicas (pH, Conductividad Eléctrica, Carbono Or-
génico, Capacidad de Intercambio Catiénico, Fésforo y ba-
ses intercambiables), siguiendo protocolos del Instituto Geo-
gréfico Agustin Codazzi. Los resultados indicaron que existen
diferencias significativas en el comportamiento de todos los
parametros edéficos, excepto conductividad eléctrica. Adi-
cionalmente, se encontré que la mayoria de las propiedades
evaluadas transcurridos 20 anos, presentan condiciones cer-
canas a las de zonas no intervenidas por la mineria, dando
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indicios de estabilidad que, en los primeros anos, no fue po-
sible detectar, por la alta variabilidad de las propiedades del
material edéfico aplicado (30cm) sobre el estéril. Con base
en lo anterior, se concluye que los suelos rehabilitados, bajo
el modelo implementado, en condiciones ambientales se-
miéridas y sin presién antrépica, dan indicios de evolucién
progresiva con calidad similar a los suelos no intervenidos
de la zona.

Palabras clave: restauracion, pedogénesis, mineria.
INTRODUCTION

Mining processes modify the environment and its interactions,
which connects and reactivates through the functional
rehabilitation. Among the impacts attributed to coal mining
we can find the chemical and physical variation of the soil
(Guerrero & Pineda, 2016), but the greatest impact has to
do with the total transformation of the landscape and the
loss of natural resources. There is an opportunity to mend
the mistakes of the past, and provide post mining soils with
the landscape’s rehabilitation required sustainability. Altough
the evaluation of proper alternative solutions is complicated,
it requires the holistic inclusion of environmental, economic,
and social impacts (Limaa et al. 2016). When there is not
edaphic material reserved, the creation of renewable energy
farming solutions called Tecnosoles is mostly considered
as a cardinal way within the mining projects’ rehabilitation
techniques (Gémez-Ros et al. 2013). A situation that does
not occur in the Cerrejon coal mine, located in La Guajira,
Colombia, company managed by Carbones del Cerrejon
Limited. (Gualdrén, 2011; Moscote & Castellanos, 2013).

The processes of land’s rehabilitation that have been
intervened by mining, requires a deep investigation of its
physical, chemical, mineralogical and edaphic parameters
(Diaz et al. 2013). The soil, as support of terrestrial
ecosystems, have been the base to restore lands intervened
by mining; although there are still successful cases of
rehabilitation that did not need this resource (USC, 2014).
Cerrejon has chosen to preserve the soils before mining
processes, so when incorporating it to the rehabilitation
process, its properties could be expressed again, which will
make it suitable to support the vegetal communities.

In order to know these properties, every rehabilitation
project must be under observation to control its evolution
and to know if it has reached its goals (Pastorok et al. 1997;
Mukhopadhyay et al. 2016); among the useful properties
for observation we can find: hydrological availability,
granulometry, organic carbon, electric conductivity, and
others in semiarid conditions. The edaphoclimatic condition
generates important tensioners in the soil. It is convenient that
the applied rehabilitation reflects the dynamic and usefulness

of the native soils in accordance with its characteristics. It
is important this to evolve to soils with a reserve of water,
nutrients, and properties that can be an optimum way
of vegetation growth in the rehabilitation process areas
(Moscote & Castellanos, 2013).

Soils intervened in mining areas could be located as
Technosoles (IUSS-WRB, 2015) in a taxonomic way. It
could also be located as soils with anthropic epipedon,
which implies the variation and transportation of different
origin material (USDA-NRCS, 2014) and the beginning of a
pedogenesis with great anthropic influence that includes the
use of mining material, edaphic substratum or a combination
of both (Arranz-Gonzélez, 2011).

The Cerrejon coal mine north zone has an extension of
69.364 hectares (Gualdréon, 2011), its coal production for
2016 was estimated in 32.4 million metric tons (Cerrejon,
2016). The land rehabilitation program started in 1990; it
aims to restore the ecosystem in functional conditions, and
leave it in a similar or better way. To achieve it, the company’s
rehabilitation model is based on the use of previously saved
edaphic material, which comprises the following basic
stages (Gualdrén, 2011): (i) Land Reshaped, it consists in
preparing the ground built with mining waste and infertile
material, to receive the soil that will be put on it. It begins
when -after its final exploitation- mining operations cease and
the area is released to start the rehabilitation. This implies
reconfiguring the landscape, creating new flatland and
hillsides homogenous and stable; plowing the base material
to break the compaction and induce good physical condition
in the area of contact. (ii) Soil Stabilization (area grassed),
it starts when applying a layer of soil on the sterile material
(approx. 30cm of depth). That layer of soil derives from the
mix of edaphic material that has been collected from the
grounds, prior to mining; and it is submitted to the same
way according to the mine protocol. It is protected against
erosive processes through the seeding of Cenchrus ciliaris
grasses, as a protective cover in all the rehabilitated areas. It
is mainteined without additional anthropic intervention such
as fertilization, management of phytosanitary problems and
risk, in a range of 5 to 6 years; as well as the construccion
of ebbs in the hillside to a secure and controlled conduction
of superficial waters; Y (iii) Revegetation or vegetal
repopulation, as a process of induced vegetal succession
(approx. after 5 years), native species tress will be introduced
in the rehabilitated areas. These trees will be replacing the
herbaceous stratum, as it occurs in an ecological natural
succession (Gualdrén, 2011).

With reference to the above, it was planned to provide soils
that offer environmental services similar to the soils in the
intervention areas; therefore, the goal was to characterize the
rehabilitated soils in the Cerrejon mine chronosequence (0,
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5, 10, 15, 20 years) to contrast it with the not intervened
soils, analyze its changes and infer on its quality.

MATERIAL AND METHODS

The research took place in areas in process of rehabilita-
tion at the Cerrejon mine, La Guajira, Colombia (Figure 1),
within the following quadrant of coordinate: 11°02'56,9”"N
72°44'29,3"W; 11°02'54,2"N; 72°34'36,5"W; 11°08'19,2"N;
72°33'28,9”W; 11°08'22"N; 72°43'21,9”W; located in an area
classified as tropical dry forest (Bs-T), according to Holdridge’s
parameters (1978), the annual average precipitation is of 800
mm and an annual average ETP above 2.000mm. The tem-
perature swings between 19.4° and 37.6°C, with an annual
average value of 27°C; relative humidity swings between 70%
and 80% in an annual average (Corpoguajira, 2012).

Speaking in a taxonomic context, most of the soils existing
in this territory and before mining, corresponds to Aridic
Haplustalf, with parental material consisting of highly altered
tertiary sediments, low content of organic carbon, high
content of interchangeable ions, with an Ochric and Argillic
diagnostic horizon, with a superficial effective depth with
limitations by clayey layer (30cm average) (Cerrejéon PMA,
2001). In this sense, before the mining stage it is necessary
to recognize the plots and to mark the extraction depth
according to the description of the soil layer’s conditions;
if there are limitations to a specific depth, the extraction
is carried out until that depth, therefore, the extraction’s
average depth is 30cm.

A sample design was used considering the time elapsed
since the beginning of the operations in every area and plot

Figure 1. Location of the Cerrejon mine and area of study. (Source: Cerrejon, 2016)
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in rehabilitation (treatment). The soils were submitted to
the same standard management practice according to the
protocol of Cerrejon Limited Company (Gualdrén, 2011),
to study a chronosequence of lands rehabilitation (0, 5, 10,
15, 20 years). It was contrasted in relation to an area not-
intervened by the mine company, called control. As it was
previously explained, the plots evidence the changes of the
vegdetal succession in a spatial level; it was produced by the
land rehabilitation strategy carried out by the company. In
order to study the changes in the soil through the years,
samples in 4 depth were taken: 0 -3, 8- 11, 16 - 19 and 24 -
27cm. In every plot of the chronosecuence 3 repetitions were
taken, for a total of 72 samples with an approximate weight
of 1.5kg per sample.

The studied edaphic properties were: a) bulk density by the
ring or the nucleus method. b) total content percentage
of sand, clay and silt, according to the measurement
international system, by Bouyoucos method. c) pH, by
potentiometric method. d) Electric conductivity (Ec), by
the method of extract saturation plaster, and reading with
a conductivity meter. e€) Cation-exchange capacity (CEC),
by the ammonium acetate method 1 N pH 7. f) Oxidize
organic carbon (OC), by the method of Walkley & Black. G)
Phosphorus (P), by the method of Olsen modified. H) Total
interchangeable bases, Ca*?, Mg*?, Na*', K™, by the method
of ammonium acetate 1 N a pH 7, reading by the optical
spectrometer of atomic absorption. All these methods are
present in IGAC (2006).

The information was analyzed comparing the data from
the different plots in relation to the age, and the variation
presented according to its development and rehabilitation
time. This allowed to compare the soils non-intervened by

mining. The age of the soils rehabilitation and the depth of
the sample were considered as factors of analysis, which
together were called as sample treatments. In order to
establish if the data of the soils had a normal distribution,
the Kolmogorov-Smirnov test was applied for the number of
samples (n=72; p>0.05). Additionally, the Levene’s variance
homogeneity test was applied in order to corroborate the
tendency to normality. According to the above, the results
shows that the studied edaphic parameters do not follow
a normal tendency; therefore, in order to compare the
averages of the different studied variables the Kruskall-Wallis’
non-parametric test was applied, and this way to be able to
establish if there are differences in the plots according to
the rehabilitation age and the depth of the sample. The IBM
SPSS Stastics 22 (free) software was used.

Subsequently, it was carried out the analysis of the behavior
of every edaphic property, considering the temporal
(chronosecuence) and spatial (depth of the sample) factor.
The programs Sigma Plot 12 (free) and Minitab 17(17.1.0)
were used.

It was also conducted an analysis of the main components,
in order to establish the tendency to similarity between the
edaphic variables with potential of indicators about the
quality of the rehabilitated soils in coal mining. The IBM
SPSS Statics 22 (free) software was used.

RESULTS AND DISCUSSION

The Kruskall-Wallis non-parametric test was used to establish
if there are differences in the different parameters of the soil,
according to the treatments that combine rehabilitation age
and depth. The results presented in table 1 shows that there

Table 1. Kruskal-Wallis Test applied to physical and chemical properties in a chronosequence in Cerrejon’s rehabilitated soils
(0, 5, 10, 15, 20 years, control) y 4 depth (N=72; si p<0,05 it is rejected Ho).

Next. Asymptotic

0.008

0.114

0.001

0.000

0.020

0.003

0.000

0.004

0.001

0.004

0.000

0.000

Properties gl
pH 23
EC 23
ocC 23
CEC 23
Ca 23
Mg 23

K 23
Na 23
AP 23
BD 23

Sand 23
Silt 23
Clay 23

0.036
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are differences in every studied edaphic parameter, except
for EC.

The distribution of mineral particles of the soil (sand%, clay%,
silt%) influences the values of bulk density (Martin et al. 2017);
therefore, knowing the texture of the soil allows to interpret
with more accuracy the resultf of the bulk density. The
mineral particles of the soil (sand, clay, silt) suffer processes
of transportation and accumulation in a different way during
the chronosecuence (Figure 2). No major changes were
observed in the content of the sand and silt particles through
the profile during the studied chronosequence. But in relation
to the content of the clay, it is evident a percentage reduction
in the surface after 20 years, compared to the beginning
of the rehabilitation (O years), which could be explained by
migration processes to deeper layers dissolved in the water
and moving between the pores of the soil that is reorganizing.
It could also be explained by the growing of the roots of the

plants, elements that govern the neoformation of edaphic
systems evident in the creation of structure (Macias et al.
1992). In that same direction, Ibanez et al. (1988) indicates
that the transportation of the particles through the profile of
the soil (internal drainage) is part of its self-evolution.

This dynamic influences the bulk density (BD), which in
figure 2 shows a great variability all along the new soil’s profile
(30cm), but in relation to the chronosecuence, a reduction
of its value was observed, even regarding the control,
which could be explained also by the vegetal dynamic and
the processes activated by the incorporation of organic
substance in the soils; and also the anthropic and animals
low pressure, thanks to the isolation of rehabilitated areas
in the mine. For this reason, the bulk density is considered
as a dynamic property (Pla, 2013) to continue studying the
stability and maturity of the soils in rehabilitation. The BD
also has relationship with other physical properties of the
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Figure 2. Variation of physical properties: soil's minerals percentage content (%SA, %SI, %CL), bulk density (g.cm™), according
to chronosequence (0, 5, 10, 15, 20 years and control) and depth (0-3; 8-11, 16-19, 24-27cm) in the Cerrejon mine.
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soil such as structure, porosity and humidity tension (IGAC,
2014; Monroy et al. 2017) which will explain how to preserve
soil's humidity and reduce its overflow and loss (Ghosha
et al. 2015), allowing to design management strategies in
a long term. In spite of the short time, the bulk density is
showing signs of evolution of this new soil, getting close
to the conditions of those that are in a dry forest without
intervention (control), which is the purpose of the Cerrejon
soil's rehabilitation program (Figure 2).

In connection with pH (Figure 3), its values are maintained
in the typical ranges of alkaline soils of the area (IGAC, 2012;
USDA- NRCS, 2014), the edaphic material used in the soil's
rehabilitation program comes from the mix of the soils
extracted before the mining stage who are taxonomic located
in the Alfisols Order, as it was explained

In relation to the EC, the values observed (Figure 3) do not
show a high salinity in the soluble phase (Garcia, 2003), but
differences were detected between the different plots by the
age and the depth of the sample. It is lower in those who

Electric conductivity

have longer times of rehabilitation, even in relation to the
Control plot.

As noted before, the creation of structure by the soil's mineral
particles dynamic, in combination with the growth of the roots
and the inclusion of organic substance (Macias et al. 1992;
IGAC, 2014), allows the infiltration of good quality water
(which comes from the rain) and the leaching of radicular
zone salts (Garcia, 2003), reducing the EC. It also helps that
in rehabilitation’s program practices, the superficial plowing
of sterile material is applied before depositing the edaphic
material, weeks before the beginning of the rains during the
second semester every year for every plot (Gualdrén, 2011).

When referring to the cationic exchange capacity (CEC),
its values are high (Garcia, 2003) even in the control area
(Figure 3), in accordance with the soils described by IGAC
(2012) and Cerrejon company PMA (2001), which explains
its mineralogy characteristics. The high variability in the first
years could be explained also by the origin of the applied
edaphic material layer, which comes from a mix of the soils of

Organic carbon
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Figure 3. Variation of the soil’s chemical properties: E.C.(dS.m™), 0.C.(%), pH, CEC (cmol(+).kg ), according to chronosequence
(0, 5, 10, 15, 20 years and control) and depth (0-3; 8-11, 16-19, 24-27 cm) in the Cerrejon mine.
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the area. While the soil is reorganizing and evolving, it starts
to reduce. The CEC could be also affected by the content
of the organic carbon (OC) (IGAC, 2014), which increases
along the chronosequence in the surface, explained by the
contributions of the vegetal cover established while the
vegetal succession advance.

The increase of OC helps to reduce the BD, being more
evident in the superficial layer of the ground (0-3cm), vegetal
established coverage of the organic’s substance deposit
area, with benefits on the soil’s properties, reported in many
studies (Martinez et al. 2008, Moreno-Barriga et al. 2017,
Kumar et al. 2018).

Figure 4 shows the interchangeable bases content
variation Ca*?, Mg™, K'', Na''in the rehabilitated soils
chronosequence, influenced by the type and mix of the
clay like particles, and the border of the edaphic material
deposited with the sterile substance. According to the
analyzed parameter, these soils could be described as saline
(Garcia, 2003; IGAC 2014), which due to the semiarid
conditions in this land (Corpoguajira, 2012), forces to
include practices that allows the adaptation to the drought,
such as having tolerant species to the hydrological stress and

droguth, providing coverage in the soil, and managing rain
water effectively, all are currently being applied in the mine
(Moscote & Castellanos, 2013).

The edaphic materials used in the Cerrejon mine have high
content of salts, called interchangeable by Ca*, which is
mostly related with the mineral particles of the soil, sand,
clay, silt (multivariate analysis through dendogram Figure
5), CEC and phosphorus (P), which is common in alkaline
soils because of the formation of the apatite mineral
(Besoain, 1985; Schoeneberger et al. 2012). The other
interchangeable cations (Na*', Mg*?, K*"), are more related
with dynamic parameters (Pla, 2013) such as OC, EC, pH,
BD, more susceptible to the management of the soil.

With these elements, it is considered that the studied
edaphic parameters (content of mineral particles of the soil
BD, pH, EC, CEC, OC, pH, P, interchangeable bases) allowed
to detect signs of stability and evolution of the soil, in a
chronosequence of coal mining rehabilitation zones.

The content of the soil's mineral particles (sand, clay,
silts), BD, EC, CEC, OC, pH are dynamic parameters that
evidence the effects of the management practices in the

0 S 10 15 20 25
B 3;_ 1 1 1 1 1
K T
EC i
Na 8
BD 10[
Mg 6
pH 1
-Ca 5
Silt 13F
Clay 14
CEC 4
sand 12
Th 1
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Figure 5. Relational dendrogram of edaphic properties of chronosequence in the Cerrejon mine rehabilitated soils.
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soil’s rehabilitation program; therefore, it is recommended

to include it in this type of programs’ monitoring activities. 9. GOMEZ-ROS, J.; GARCIA, G.; PENAS, J. 2013.
Assessment of restoration success of former metal

Acknowledgement: the authors thank the Cerrejon mining areas after 30 years in a highly polluted

company, especially Ramon Gualdron, Luis Fernando Mediterranean mining area: Cartagena, La Unién.

Chavez, Kenica Mendoza and Deimer Diaz, who made Ecological Engineering. (Paises Bajos). 57:393-402.

valuable contributions to the beginning of the project. Also https://doi.org/10.1016/j.ecoleng.2013.04.044

special thanks to Universidad de La Guajira, specifically to

the Caribbean’s semiarid territories research group because  10. GUALDRON, R. 2011. Hacia la rehabilitacién de tierras

they made possible this research project. intervenidas por la mineria de cielo abierto. Ed.

Norma Bogoté (Colombia). 236p.

Conflicts of interest statement: the article was written and

reviewed with the participation of all the authors who declare  11. GUERRERO, M.E.; PINEDA, V. 2016. Contaminacién

that there is no conflict of interest that could risk the veracity del suelo en la zona minera de Rasgatd Bajo

of the presented results. (Tausa). Modelo conceptual. Ciencia e Ingenieria
Neogranadina. (Colombia). 26:57-74. https://doi.
REFERENCES org/10.18359/rcin. 1664

1. ARRANZ-GONZALEZ, J. 2011. Suelos mineros 12. HOLDRIDGE, L. 1978. Ecologia Basada en zonas de vida.
asociados a la mineria de carbén a cielo abierto en Ed. IICA Instituto Interamericano de Cooperacién
Espana. Boletin Geoldgico y Minero (Espana). 122 para la Agricultura, San José, (Costa Rica). 216 p.
(2):171-186.

13. IBANEZ, J.; JIMENEZ, R.; VIGIL, R.; GALLARDO, J. 1988.

2. BESOAIN, E. 1985. Mineralogia de arcillas de suelos. Procesos paleoedéficos en suelos de altas superficies
San José. (Costa Rica): Instituto Interamericano de de la Sierra de Ayllén. Il Congreso Nacional de la
Cooperacioén para la Agricultura, [ICA. 1205p. Ciencia del Suelo. Libro de comunicaciones. An.

Edafologia y Agrobiologia. (Espana). 1:260-266.

3. CERREJON. 2016. Informe de Sostenibilidad Cerrején

2016. (Colombia): Cerrejéon Comunicaciones. 60p. 14. INSTITUTO GEOGRAFICO AGUSTIN CODAZZI-IGAC.
2006. Métodos analiticos del laboratrio de suelos.

4. CERREJON PMA. 2001. Plan de Manejo Ambiental. (Bogotd): Ed. IGAC-Subdireccion Agrolégica 6ta.

Descripcion de suelos. Albania (Colombia): Cerrejéon Edicién (Colombia). 648p.
Gestién Ambiental, Rehabilitacién de Tierras. 25p.
15. INSTITUTO GEOGRAFICO AGUSTIN CODAZZI,

5. CORPORACION AUTONOMA REGIONAL DE LA IGAC. 2012. Estudio semidetallado de suelos en la
GUAJIRA -CORPOGUAJIRA. 2012. Plan de Accién baja y media Guajira. Escala 1:25.000. (Bogotd):
La Guajira 2012-2015. (Colombia): Corpogduajira Departamento de La Guajira: Ed. LN. Instituto
Publicaciones. 237p. Geogréfico Agustin Codazzi. (Colombia). 832p.

6. DIAZ M, L.C.; ARRANZ G., J.C.; PENUELA M. G. 2013.  16. INSTITUTO GEOGRAFICO AGUSTIN CODAZZI, IGAC.
Caracterizacién fisico-quimica y mineralégica de 2014. Manejo de suelos colombianos. (Bogoté): Ed.
suelos en zona carbonifera del Cesar, (Colombia). Instituto Geogréfico Agustin Codazzi. (Colombia).
Comunicaciones. Interciencia. 38(1):42-47. 323p.

7. GARCfA, A. 2003. Manual de suelos salinos, 17.1USS Working Group WRB. 2015. Base referencial
caracteristicas, propiedades y manejo. Corporacion mundial del recurso suelo 2014, Actualizaciéon 2015.
Mistic Fertilizantes 1a Ed. (Ecuador). 102p. FAO. (Roma). Sistema internacional de clasificacién

de suelos para la nomenclatura de suelos y la

8. GHOSHA, B.; DOGRAA, P; SHARMAA, N, creacion de leyendas de mapas de suelos. Informes
BHATTACHARYYAB, R.; MISHRAA, P 2015. sobre recursos mundiales de suelos. 106p.
Conservation agriculture impact for soil conservation
in maize-wheat cropping system in the Indian 18. KUMAR, S.; KUMAR SINGH, A.; GHOSH,P 2018.
sub-Himalayas. International Soil and Water Distribution of soil organic carbon and glomalin
Conservation Research. (China). 3:112-118. https:// related soil protein in reclaimed coal mine-
doi.org/10.1016/j.iswcr.2015.05.001

EE 615


https://doi.org/10.1016/j.iswcr.2015.05.001
https://doi.org/10.1016/j.iswcr.2015.05.001
https://doi.org/10.1016/j.ecoleng.2013.04.044
https://doi.org/10.18359/rcin.1664
https://doi.org/10.18359/rcin.1664

Revista U.D.C.A Actualidad & Divulgacion Cientifica 21 (2): 607 - 616

Julio - Diciembre 2018

19.

20.

21.

22.

23.

24.

25.

land chronosequence under tropical condition.
Science of the Total Environment. (Paises Bajos).
625:1341-1350. https://doi.org/10.1016/j.
scitotenv.2018.01.061

LIMAA, A.; MITCHELL, K., OCONNELL, D,
VERHOEVEN, J.; CAPELLEN, P. 2016. The legacy
of surface mining: Remediation, restoration,
reclamation and rehabilitation. Environmental
Science & Policy. (Paises Bajos). 66:227-233. https://
doi.org/10.1016/j.envsci.2016.07.011

MACIAS, F; ALVAREZ, E.; CANTO, R. 1992. Minerales
secundarios de sistemas edaficos y control de
la concentracién de aluminio en rios de Galicia.
Cuaderno Laboratoio Xeoloxico de Laxe. (Espana).
17:57-71.

MARTIN, M.; REYES, M.; TAGUAS, J. 2017. Estimating
soil bulk density with information metrics of soil
texture. Geoderma. (Paises Bajos). 287:66-70.
https://doi.org/10.1016/j.geoderma.2016.09.008

MARTINEZ, E.; FUENTES, J.; ACEVEDO, E. 2008.
Carbono orgénico y propiedades del suelo. Revista
de la ciencia del suelo y nutriciéon vegetal. (Chile).
8(1):68-96.

MONROY, F; ALVAREZ, J.; ALVARADO, O. 2017.
Distribucién espacial de algunas propiedades fisicas
del suelo en un transecto de la granja Tunguavita
Paipa. Rev. U.D.C.A. Act. & Div. Cient. (Colombia).
20(1):91-100. https://doi.org/10.31910/rudca.v20.
nl.2017.66

MORENO-BARRIGA, F; DIAZ, V.; ACOSTA, J.A.; MUNOZ,
M.A.; FAZ, A.; ZORNOZA,R. 2017. Organic matter
dynamics, soil aggregation and microbial biomass
and activity in Technosols created with metalliferous
mine residues, biochar and marble waste. Geoderma
(Paises Bajos). 301:19-29. https://doi.org/10.1016/j.
geoderma.2017.04.017

MOSCOTE-RIVEIRA,R.; CASTELLANOS-MARTINEZ, M.L.
2013. Water retention capacity of soils in rehabilitation
the coal mine “El Cerrejon”, La Guajira, Colombia.

How to cite:
Moscote R., R.E.; Castellanos M., M.L. 2018. Characterization of the edaphic properties in a chronosequence of land
rehabilitation, Cerrejon mine, La Guajira, Colombia. Rev. U.D.C.A Act. & Div. Cient. 21(2): 607-616. https://doi.org/10.31910/
rudca.v21.n2.2018.978

17th Conference of the International Organization for
Soil Conservation, ISCO. Environmental sustainability
through soil conservation. July 8th to 12th 2013,
Medellin, Colombia, South America. ISBN: 978-958-
57973-0-7.

26. MUKHOPADHYAY, S.; MASTO, R.E.; YADAV, A;
GEORGE, J.; RAM, L.C.; SHUKLA, S.P 2016. Soil
quality index for evaluation of reclaimed coal mine
spoil. Science of the Total Environment. (Paises
Bajos). 542:540-550.  https://doi.org/10.1016/j.
scitotenv.2015.10.035

27. PASTOROK, R.; MACDONALD, A.; SAMPSON, J;
WILBER, P; YOZZO, D.; TITRE, J. 1997. An
ecological decision framework for environmental
restoration project. Ecological Engineering. (Paises
Bajos). 9:89-107. https://doi.org/10.1016/S0925-
8574(97)00036-0

28. PLA, 1. 2013. Andlisis critico de la calidad de los suelos y
de sus indicadores. Suelos Ecuatoriales. (Colombia).
43:1-8.

29. SCHOENEBERGER, PJ.; WYSOCKI, D.A.; BENHAM,
E.C.; SOIL SURVER STAFFE. 2012. Field book for
describing and sampling soils. Version 3.0. Natural
Resources Conservation Service, Natural Soil Survey
Center, USDA. Lincoln, NE. (United States). 300p.

30. UNIVERSIDAD SANTIAGO DE COMPOSTELA-USC.
2014. Recuperacion de suelos, aguas y ecosistemas
en la mina Touro. Instituto de Investigaciones
Tecnoléxicas, Laboratorio de Ingenieria Ambiental,
Universidad Santiago de Compostela. (Espana).9p.

31. United States Department of Agriculture-Natural
Resources  Conservation  Service-USDA-NRCS.
2014. Keys to soil taxonomy (Twelfth Ed.). (Soil
Survey Staff, Ed.) (U.S.A): United States Department
of Agriculture and Natural Resoures Conservation
Service. 400p.

Received: March 5, 2018
Accepted: November 16, 2018

616


https://doi.org/10.1016/j.scitotenv.2018.01.061
https://doi.org/10.1016/j.scitotenv.2018.01.061
https://doi.org/10.1016/j.envsci.2016.07.011
https://doi.org/10.1016/j.envsci.2016.07.011
https://doi.org/10.1016/j.geoderma.2016.09.008
ttps://doi.org/10.31910/rudca.v20.n1.2017.66
ttps://doi.org/10.31910/rudca.v20.n1.2017.66
https://doi.org/10.1016/j.geoderma.2017.04.017
https://doi.org/10.1016/j.geoderma.2017.04.017
https://doi.org/10.1016/j.scitotenv.2015.10.035
https://doi.org/10.1016/j.scitotenv.2015.10.035
https://doi.org/10.1016/S0925-8574(97)00036-0
https://doi.org/10.1016/S0925-8574(97)00036-0
https://doi.org/10.31910/rudca.v21.n2.2018.978
https://doi.org/10.31910/rudca.v21.n2.2018.978



