JOURNAL OF DEGRADED AND MINING L ANDS MANAGEMENT
ISSN: 2339-076X (p); 2502-2458 (€), Volume 5, Number 1 (October 2017): 1009-1018

DOI:10.15243/jdmlm.2017.051.1009

Research Article

The assessment of soil quality of various age of land reclamation after
coal mining: a chronosequence study

A. Noviyanto, Purwanto, S. Minardi, Supriyadi’

Department of Soil Science, Faculty of Agriculture, Sebelas Maret University, Jl. Ir. H. Sutami, Surakarta, Indonesia
“corresponding author: supriyadi_uns@yahoo.com

Received 13 July 2017, Accepted 18 September 2017

Abstract : The assessment of soil quality index is one of the parameters to evaluate the goal of land
reclamation. The research has been done in the various age of soil of PT Adaro Indonesia and natural
forest. The research used descriptive explorative method and open field survey. Purposive sampling was
used to take the sample in research location that represented the condition of every location. Principal
component analysis used to know the main indicator. The main indicator was based on Eigen value >1
and chosen by indicator correlation having the highest weight index. The main indicator chosen was
called minimum data set. The result of the research showed that minimum data set consisted of pH, base
saturation, bulk density, electrical conductivity, cation exchange capacity, available P, total N, and soil
organic carbon. The main indicators contributing to soil quality index value were total N and cation
exchange capacity. Variable linear analysis showed that the longer age of land reclamation was followed
by the development of soil quality index. Soil quality index in 18 years old soil reclamation (0.651) was
higher than that in natural forest (0.575). Soil quality index of > 0.5 is defined as sustainable reclamation.
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serves the human necessity (Masto et al., 2011).
Shrestha and Lal (2006) state that the effect of

I ntroduction

Usually, coal mining in Indonesia uses open pit

mining method. The process starts from taking the
surface layer of top soil, moving the overburden
layer and taking the coal out (Ghose and Majee,
2000). It causes the loss of vegetation,
permanently soil topography alteration, the
change of soil structure and geology, and
disturbing the hydrological condition aso
destroying the surrounding environment (Keskin
and Makineci, 2009). The problem of
environment, economy, geology and human’'s
health is related to soil quality (Brevik et a.,
2015) as soil is ahome for many organisms above
and below it. Soil quality serves so many
important ecosystems for not only human being
but also the other organism in environment.
According to Zornoza et a. (2015), soil quality
has interaction with human healthy because soil
supports the plant growth, fauna' s habitually, and

coa mining, especially open pit mining method,
can be reduced by reclamation and revegetation.
The main purpose of revegetation is to make the
continuity of plants community so it will recover
the surrounding ecosystem (Courtney et al.,
2009). After the revegetation, it will grow natural
green plants (Powlson et al., 1998). The most
important thing in ecosystem recovery is soil
characteristic  building (Wong, 2003). The
development of soil quality becomes the key in
soil reclamation process (Zhao et a., 2013).
Based on that, it is necessary to identify the soil
characteristics influencing soil quality alteration.
Soil index quality can be used to measure the
environmental conservation (Masto et al., 2007)
and eva uate the result of land reclamation which
has been done (Mukhopadhyay et a., 2014). Sail
quality is the special ability of a soil to function

www.jdmim.ub.ac.id

1009



The assessment of soil quality of various age of land reclamation after coal mining

naturally and makes the organism to continue
living in the surrounding environment (Karlen et
a., 2003). The value of soil quality uses soil
quality index. Fixing the soil quality index
depends on (1) choosing soil characteristic
indicator that appropriate with set data minimum
(2) changing the indicator to score (3) joining the
score into soil quality index (Sinha et al., 2009).
Soil quality index can be used to choose the tree
which  appropriates for land reclamation
(Mukhopadhyay et al., 2013). Later, coa mining
grows faster and faster so we cannot separate
between coa mining and soil degradation. The
soil characteristics are heterogeneous, dynamic,
and complex so the assessment of soil quality is
dependent on land use (Zornoza et al., 2015). Soil
quality assessment can be done by the
characterization of soil physical, soil chemical and
soil biological properties (ISsam and Weil, 2000).
The purpose of this research was to know the
minimum data set (MDS) and develop the soil
quality index (SQI) to score the development of
soil quality status based on soil reclamation age.

Materials and M ethods

The research was done from July to October 2016.
Open field research was done at reclamation area
of PT. Adaro Indonesia that is located in Paringin
(115°27'52.03"-115°28'56.86"BTand 2°17'17.34"

- 2°18'54.95" LS) lyear old,15 years old and 18
years old. The area that is located in the natural
rubber forest was chosen as the location.
Laboratory analysis was done at Plant and Soil
Laboratory of PT. Adaro Indonesia, and Chemical
and Fertility Laboratory of Agriculture Faculty of
Sebelas Maret University (Table 1). The research
used descriptive explorative method and open
field survey.

Purposive sampling was used to take the
sample in research location which represented the
condition of every location (Adepetu et al., 2000).
The research area is located in Warukin geology
formation in middle, up to last miocene age. The
stone consists of clay, sandstone, and alluvial
sedimentation. Ultisol is a soil type in the natural
forest. Prasetyo and Suriadikarta (2006) stated
that South Kalimantan Ultisols develop from the
stone of clay and sandstone sedimentation. Based
on Schmidt Ferguson's climate classification, the
location has a wet condition of a month (Q
=0.280) which has an average rainfal of
179.1mm. To know the data normality, we used
normality test. Independent samples T-test was
used to know the differentiation of age in soil
reclamation. Pearson correlation was employed to
know the relationship of variables each other and
principal component analysis (PCA) was used to
know the main indicator.

Table 1. The standard procedure of physical, chemical, and biological soil characteristic analysis

Parameters Analytical method Reference

Moisture content Gravimetric method (Reeuwijk, 2002)

Bulk density Stony soils method (Anderson and Ingram,
1993)

Porosity Determined from bulk density with a particle (Anderson and Ingram,

density 1993)

Texture Pipette method (Anderson and Ingram,

1993)

Soil organic carbon

Walkley and Black method

(Reeuwijk, 2002)
(Anderson and Ingram,
1993)

(Reeuwijk, 2002)
(Reeuwijk, 2002)

(Reeuwijk, 2002)
(Reeuwijk, 2002)

pH, EC, Eh Soil: water suspension (1:5; w/v)

Tota N Kjeldahl method

Available P Bray’s method for acidic soilsand Olsen’s
method for neutral and alkaline soils

Cation exchange capacity 1 N ammonium acetate extraction

Exchangeable Ca, Mg, Na, K 1 N ammonium acetate extraction

Base saturation Calculated as the proportion of the CEC

(Reeuwijk, 2002)

occupied by basic cations

Aluminum saturation

Determined from exchangeabl e aluminum with

(Reeuwijk, 2002)

a cation exchange capacity

ESP

Determined from exchangeabl e sodium with a

(Reeuwijk, 2002)

cation exchange capacity

Soil Fauna Diversity Pit fall trap method

(Yi et dl., 2012)

EC = Electrica conductivity, Eh = Redox potential, ESP = Exchangeable Sodium Percentage
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Table 2. Research location description

Variable Y ear s after reclamation Natural forest
1-year 15-year 18-year
Coordinate 1100095 34 BT 115°291853' BT 115°29'16.93" BT élTS 2944.28

2°1820.97" LS

Top soil (cm) 10

2°18'37.17" LS
> 30

5
147
Paspalum

2°1853.09" LS

>30

7
107
Sgnal grass,

Overburden > 20

(cm)

Slope (%) 3

Elevation (m) 122

Cover crop Bd, Cd, Cm, Cp, Cj, Fj,
Sorghum bicolor, Oryza
sativa, Sgnal grass

Species of a Sesbania grandiflora,

tree Paraserienthes

falcataria, Leucaena

leucocephala

conjugatum Berggr.,

Mimosa pudica

2°1820.85" LS
> 30

4
91

Mimosa pudica
Acacia mangium,
Pinus merkusii,
Leucaena
leucocephala,
Alstonia scholaris,

Elaeisguineensis  Hevea brasiliensis
Jacq., ParaserienthesMuell. Arg
falcataria,

Leucaena

leucocephala,

Eucaliptus urophylla Vitex pinnata L.

Bd = Brachiaria decumbens,Cd = Cynodon dactylon, Cm = Calopogonium mucunoides,
Cp = Centrosema pubescens,Cj = Crotalaria junceae, Pj = Pueraria javanica,

Table 3. The characteristic of physical, chemical, biological soil from various kind of land reclamation
and natural forest (rate value, deviation standard, n=2 and T test with 95% val ue)

Soil quality Y ear s after reclamation Natural forest
parameters 1-year 15-year 18-year

Soil fraction

Clay (%) 50.125 (¥2.582)a  40.624 (¥0.069)b  26.858 (x3.958)c 35.760(+2.427)bc
Silt (%) 18.089 (+0.620)a  12.006 (*¥2.983)a  17.296 (+7.812)a 13.262 (+7.505)a
Sand (%) 31.787 (£3.202)a  47.371 (£3.052)b  55.846 (+3.854)b 50.978 (+5.077)b
Texture Clay Sandy clay Sandy clay loam Sandy clay
BD (g/cm®) 2.078 (+0.020)a 1.471 (x0.056)b 1.886(+0.104)ab  1.446 (+0.061)b
Porosity (%) 12.385(¥2.128)a  38.424 (¥1.194)b  12.068 (+3.197)a 39.461 (+5.733)b
SOC (%) 1.107 (+0.183)a 0.988 (+0.137)a 4829 (x0.990)b 2.939 (+0.272)b
pH 5.85 (x0.071)a 5.10 (x0.000)b 6.60 (¥0.141)c 450 (+0.141)d
EC (dS/m) 0.217 (x0.023)a 0.047 (x0.002)b 0.155 (x0.004)a 0.037 (+0.008)b
Redox Potential 114.65 (x4.455)a  178.75 (x2.192)b 71.20 (+4.525)c 204.10(x11.172)b
(mV)

Total N (mg/kg) 4.440 (+0.032)a 4520 (+0.054)a 8.730 (¥0.071)b 7.340 (x0.020)b
Available P 0.173 (x0.003)a 0.174 (+0.002)a 0.201 (¥0.003)b 0.193 (+0.001)c
(mg/kg)

Exchangeable K 4.29 (+0.000)a 4.29(+0.000)ab 4,68 (+0.000)a 4.29 (x0.000)a
(mg/kg)

CEC (cmol(+)/kg) 19.88 (+0.962)a 22.20 (+0.509)a 28.20 (+1.301)b 25.76 (+0.226)b
Base Saturation (%) 8.640 (+0.268)a 5268 (+0.535)b  22.228 (+1.210)c 4.619 (+0.826)b
Aluminum 0.000 (+0.000)a 7.539 (+0.782)b 0.000 (x0.000)a 20.955 (+4.428)b
Saturation (%)

ESP (%) 4.469 (+0.638)a 2935 (+0.445)a 3.993 (x1.300)a 2.782 (+0.026)a
SFD 0.781 (x0.045)a 0.684 (+0.051)a 0.966 (x0.010)a 1.328 (+0.122)a

BD = Bulk Density, SOC = Soil Organic Carbon, EC = Electrical Conductivity, CEC = Cation Exchange Capacity,
ESP = Exchangeable Sodium Percentage, SFD = Soil Fauna Diversity
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Soil quality index (SQI) is the addition of
weighting factor and main indicator scoring,
which pattern is:

SQI=YiL, Wix Si (Wi: weighting factor and Si:
the indicator score for variablei).

Weighting factor gets from the result of principal
component analysis (PCA) which has a
correlation in every PC (Andrews et a., 2002;
Mukhopadhyay et al., 2014). Linear scoring was
made based on value classifying of each
parameter. It consists of score 1 for low class,
score 2 for amiddle class, and score 3 for highest
class (Andrews et al., 2002).

Results and Discussion
Soil physical characteristics

In the post coal mining soil reclamation area, the
physica characteristics of the reclaming
materials were the limiting factors in the
revegetation process. The materials cause high
soil compaction so the plant root was difficult to
penetrate into the soil. Bulk density had negative
correlation with soil porosity (p-value = 0.000).
The result showed that the high bulk density in the
whole research location was followed by the soil
porosity descent. In 1 year old soil reclamation
area showed that the soil had the highest bulk
density value (2078 g/cm®). The bulk density
decreased with the increasing age of land
reclamation (Mukhopadhyay et a., 2014). The
bulk density descent was influenced by the growth
of root (Macci et a., 2012). Thomas et al. ( 2000)
state that the growth of root system and the
addition of biomass in the 15 to 20 years old post
coa mining land reclamation can rebuild soil
structure, decrease bulk density and improve soil
porosity. Akala and La (2001) state that the
growth and development of root are equal to soil
organic carbon (SOC) which can lose soil
compaction from time to time. Repairing process
of physical sail isthe cause of growing vegetation
in soil reclamation. Wander et al. ( 2002) state
that the good bulk density value is <1.2 g/lcm® and
the good porosity is between 40% and 60%. The
value of bulk density is based on aggregate
distribution value, soil organic material (SOM)
and coarse fraction (Amacher et al., 2007). The
low bulk density indicates that the soil has good
structure and has balanced pores (Tematio et al.,
2011). Rodrigue and Burger (2004) pointed out
that soil porosity is the parameter influencing soil
quality. Sail texture is the comparison of sand (2-
0.05mm), silt (0.05-0.002mm), and clay
(<0.002mm) (Sheoran et al., 2010). Triangle
texture that was used in measuring soil texture

indicated that soil in the 1 year old land
reclamation area was clay texture with 50% clay
content. Soils in the 15 years old reclamation and
natural forest areas showed similar texture of
sandy clay. In sandy clay texture often occurred
nutrients reduction because of the greater sand
fraction than clay fraction so that soil colloid
particle cannot hold nutrients in the soil. Soil
texture of the 18 years old land reclamation was
sandy clay loam. Texture is one of many soil
characteristic that affected soil quality and forest
productivity in coal mining in USA (Rodrigue and
Burger, 2004). Mukhopadhyay et al. (2013)
reported that coarse fraction can influence the
retention capacity of soil moisture content, bulk
density, and porosity.

Soil chemical characteristics

Plant biomass is the main nutrient source for plant
growth. Selection of the pioneer plants, therefore,
becomes the aternative method in facing the
reduction of nutrient in land reclamation area. Soil
pH in the studied areas varied based on the
sources of overburden and topsoil (Table 3).
Mukhopadhyay and Maiti (2011) stated that
heaping of overburden acid materia can affect
soil pH in land reclamation. Heaping of top soail
material before the mining was done determines
the acid pH of the soil in the area that is called as
Ultisol (Prasetyo and Suriadikarta, 2006). The
highest SOC (4.829%) was on 18 years old land
reclamation area and the lowest (0.988%) was on
the 15 years old land reclamation area. The
Natural forest had SOC of about 2.939%, because
of the accumulation of organic litter and the result
of organic matter decomposition. SOC value had
positive correlations with total N (p-value
=0.000), available P (p-value =0.001) and cation
exchange capacity (p-value =0.001). These values
were supported by the result of soil reclamation
study conducted by Mukhopadhyay et al. (2014)
that the high total N and available P followed the
value of SOC. Nitrogen accumulation can be
counted by organic material input and nitrogen
fixation, while phosphate can be determined by
organic material, pH, and soil weathering process.
Cation exchange capacity (CEC) can be used to
measure the soil fertilization (Wang et al., 2005).
CEC is a soil ability to supply and save the
nutrient influenced by soil processing practice
(Yao et a., 2013). CEC value of the 1 year old
land reclamation was 19.88 cmol(+)/kg while that
of thel5 years old land reclamation was 22.20
cmol(+)/kg. Results of T-test on independent
samples from both locations showed that those
values were similar. The 1 year old soil
reclamation area has various kind of closed plant
such as Brachiaria decumbent, Cynodon dactylon,
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Calopogonium mucunoi des, Centrosema
pubescens, Crotalaria junceae, Pueraria
javanica, Sorghum bicolor, Oryza sativa, Sgnal
grass that produce many litter biomass that can
increase the CEC vaue. The 1 year old
reclamation area has clay texture that makes litter
as a nutrient source cannot lose. Tomasi¢ et al.
(2013) stated that soil texture is a parameter
which has a big influence on CEC. Wang et al.
(2005) pointed out that there is positive
correlation between CEC with the content of SOC
and clay content, the negative correlation appears
in CEC with the coarse fraction content. The 15
years old land reclamation has some closed plant
such as Paspalum conjugatum Berggr., Mimosa
pudica and species of atree on Acacia mangium,
Pinus merkusii, Leucaena leucocephala, Alstonia
scholaris, Eucaliptus urophylla. Various kinds of
plants above have low biomass because of sandy
clay texture. CEC in 18 years old was 28.20
cmol(+)/kg and that in the natural process was
25.76  cmol(+)/kg. Results of T-test of
independent samples from both conditions
indicated that the values were similar. This was
because of the presence of cover plants like Sgnal
grass, Mimosa pudica and kind of trees like
Elaeis guineensis Jacg., Paraserienthes falcataria,
Leucaena leucocephala, Vitex pinnata L. in the 18
years old soil reclamation area. Cover plants such
as Signal grass and wide canopy of Elaeis
guineensis Jacq. can reduce kinetic energy of the
rain and reduce runoff, erosion and leaching. The
soil electrical conductivity (EC) in the research
location was very low. The EC in a natural forest
was significantly low (0.037 dS/m). In a coa
mining area in USA indicated that dissolved salt
is a soil parameter influencing living and growth
of tree seeds; if the dissolved salt is high the soil
productivity becomes low (Rodrigue and Burger,
2004). EC had positive correlation with the
exchangeable sodium percentage (ESP) (p-
value=0.024). This was probably caused by the
dissolved salt structure component. As sodium ion
can be exchanged, so the increase of ESP causes
the increase of EC. There was a low value of
reduction potential (Table 3). If the soil is in
oxidation, the soil drainage is in good condition,
meanwhile, if the soil is in reduction, it is
saturated by water. It affects toward some
nutrients which can be lost by evaporation and
leaching. According to Soewandita (2008), base
saturation shows the comparison of a number of
base cations with the amount of al cations (acid
cation and base cation) in a soil component. Base
saturation in the whole research area was in low
and very low levels. Base saturation had positive
correlation with the soil pH (p-value = 0.003). In
acid to very acid soils base saturation is normally

very low. In neutral pH, the base saturation is low
(Table 3). According to Mukhopadhyay et al.
(2014), there is very high base saturation about
82.6 % in the revegetation overburden. With the
increase in age of land reclamation, the base
cation will be naturally weathered and leached.
Aluminum saturation had negative correlation
toward soil pH (p-value=0.005). The decline of
soil pH was followed by the enhancement of
aluminum saturation. The result of auminum
saturation analysis showed that the whole land
reclamation area was in low and lowest levels of
auminum saturation (Table 3). The high
aluminum saturation in the other conditions
because of the inherent characteristic of Ultisols.
Prasetyo et al. (2001) said that South Kalimantan
Ultisols develop from sediment stone, sandy
stone, and clay stone having base saturation of 3-9
%, aluminum saturation of 33-95 % and pH of
3.70-5.

Soil biological characteristics

Soil is a habitat for soil fauna that has a special
function in ecosystem complexity (Gardi and
Jeffery, 2009). In the soil, the amount of nutrients
served for plant growth is based on the root
interaction, microorganism and soil fauna
(Bonkowski et al., 2000). Soil arthropods in a
habitat are influenced by the condition of the
habitat. Soil arthropods will go to the environment
which supports their life likes food, optimal
climate and the existing of natural enemies
(Syaufina et al., 2007). The soil fauna diversity in
the whole land reclamation was low, while that in
the natural forest was medium (Table 3).
According to Baker (1998), the amount and
diversity soil arthropods in an ecosystem tightly
related to the condition and age of the ecosystem
itself. The amount of soil arthropods has a
positive correlation with the high of plant biomass
(Hooper et a., 2000) and the nutrient in the soil
(Nahmani and Lavelle, 2002). Wardle et al.
(1999) stated that the amount of soil arthropodsis
based on the extent of land cover. The result of T-
test on independent samples showed that the soil
fauna diversity in the whole soil reclamation area
and in the natural forest was in the same
condition. This was because the research location
is near the coa mining operation. The bad
condition may occur in this location.

Soil quality index (SQI)

The assessment of soil quality needs identification
of the condition of natural resources several times
(Karlen et al., 2008). The assessment of soil
quality index (SQI) uses minimum data set (MDS)
(Andrews et al., 2002). MDS is potentialy
selected by the chosen indicators from the kind of
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soil quality indicators such as soil physical, soil
chemical and soil biological properties. The
chosen indicators represent the whole data (Lima
et al., 2013). The determination of MDS uses
statistical analysis like Principal Component
Anaysis (PCA) (Andrews et al., 2002), that can
classify soil characteristic in the right independent
group and lose the original data (Yao et a., 2013).
Some previous studies (Bastida et a., 2006;
Masto et a. 2007, 2008, 2011, 2015;
Mukhopadhyay et al., 2013, 2014, 2016; Sinha et
a., 2009) used the same method to get the SQI.
The different of the research is a linear scoring
method based on the highest score in soil function
(Andrews et a., 2002). Liebig et al. (2001) noted
that pH indicator could be high up to limit level
(pH 6.5 ), after that, the score can be low up to
limit level. The results of main component
analysis from various kind of soil quality are
presented in Table 4.

Table4. Principal component analysis

Eigen value 74.810 49.195
Proportion 0534 0351
Cumulative 0.534 0.886
Variable PC1 PC2
Bulk density 0.298 -0.205
Porosity -0.338  0.119
Soil organic carbon 0.211 0.362
pH 0.347 -0.057
Electrical Conductivity (EC) 0.290 -0.224
Redox potentia (Eh) -0.358 0.051
Total N 0.158 0.403
Available P 0.135 0.406
Exchangeable K 0.300 0.173
Cation exchange capacity 0117 0.420
Base saturation 0.337 0.141
Aluminum saturation -0.289  0.237
Exchangeable Sodium 0.265 -0.176
Percentage

Soil Fauna Diversity -0.074  0.340

Values printed in bold are main indicators

Based on the PCA, chosen indicator must have
Eigen value > 1 (Lima et al., 2013). The main
indicator on PC1 consisted of pH, base saturation,
bulk density (BD), and electrical conductivity
(EC). The main indicator on PC2 consisted of
cation exchange capacity (CEC), available P, total
N, and soil organic carbon (SOC). Eight variables
above had high sensitivity toward soil quality in
research location. The choosing of indicator was
based on the correlation of weighting factor index
(Andrews et al., 2002). According to Andrews et
a. (2002), some main indicator consists of SOC,
EC, pH and available P asa MDS for various kind

of soil system. Soil quality indicator is a process
and sensitive soil character toward the changes of
soil function (Qi et al., 2009). There are several
ways to measure the soil quality indicator (Yao et
a., 2013), consisting of several soil physical,
chemical and biological properties which are used
to evaluae and score the soil qudity
(Rahmanipour et a., 2014). SQI is the result of
weighting factor with MDS.

Soil pH is kind of acid measurement of
active soil and becoming the area of soil quality
indicator generally used (Sheoran et al., 2010).
Soil pH relates to the existing nutrients, if there is
a low soil pH so that the nutrients inside
(Amacher et a., 2007). Soil pH is easy to change
based on the edaphic environment. Soil pH has a
positive correlation with base saturation, bulk
density, and electrical conductivity. The indicators
are part of a minimum data set. Base saturation
determines the base cations which can be
exchangeable like Ca*, Mg®, N&**, and K*
(Tomasi¢ et al., 2013). Soil pH determination will
follow the determination of base saturation. Bulk
density is a parameter commonly used to measure
the soil compaction. It can limit the plant growth
because many species cannot effectively grow the
root (Sheoran et al., 2010). The value of high and
low bulk density can influence the plant growth
(Liu et al., 2014). Electrical conductivity can be
the main indicator of soil quality, because of its
influence toward the plant growth. If the electrical
conductivity increases, the soil productivity will
decrease. This increases the failure of soil
reclamation area. Shen et al. (2001) noted that
root exudates can grow up the sdinity in
rhizosphere soil. The repairing process of soil
organic matter and nutrient cycling is very
important for the land reclamation after the
ecosystem is disturbed (Banning et al., 2008).
There are several elements in the organic material,
but the most elements are carbon (C) and nitrogen
(N) (Amacher et al., 2007). Soil organic carbon
(SOC) is the right parameter to evaluate the soil
quality in reclamation area after the mining
process (Bodldk et a., 2012). SOC is the soil
quality indicator that easy to check every time
(Mukhopadhyay et a., 2013). SOC is a
discriminative soil quality indicator which can be
used to check the soil degradation caused by soil
erosion (Rajan et a., 2010). SOC can be used as a
dominant indicator in the soil depth of 0-10 cm,
and scoring of the soil quality in various kinds of
area and cultivation. Besides that, soil organic C
is classified as an important indicator to check the
soil quality in agro-ecosystem (Shukla et al.,
2006). SOC has a positive correlation with cation
exchange capacity (CEC), total N and available P.
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Figure 1. Contribution of each soil indicator parameter on calculated SQI with age of reclamation

The addition of organic materia will increase
CEC value (Agus et a., 2014). Organic material
has a function as plant nutrients source, especially
nitrogen and phosphorus (Sheoran et a., 2010).
The determination and conservation of SOC will
determine the CEC, repairing the microorganism
activity and repairing the nutrient’s source (Lal,
2006). The main indicator contributed as a way to
measure the value of soil quality (Figure 1). CEC
and total N had higher soil quality index value
than another. This was caused by the highest
weighting factor and indicator scoring. CEC
indicated that soil can serve nutrients in the form
of cation (such as H*, K*, C&**, Mg?*, Fe**, Mn?*,
Mo*, Cu®, zn*, N&*). CEC has a positive
correlation with soil pH, soil texture and SOM
(Tomasi¢ et al., 2013). The high organic matter
and clay can determine the CEC because of
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negative charge inside both of colloid surface, so
it can pull and hold back the cations. Soil having
high CEC can absorb and serve the nutrients in
the colloid surface so the nutrients are hard to lose
by water (Soewandita, 2008). The negative charge
on the colloid surface is the subtraction of
isomorfic substitution on a phyllosilicate structure
or functional organic dissociation (Tomasi¢ et al.,
2013). Nitrogen that is used by plant comes from
fixation N and mineralization, subtraction with
organic nitrogen (Sheoran et al., 2010). In the soil,
nitrogen element in organic form and litter
decomposition can increase the total N. Organic
nitrogen will change to ammonium (NH,") by a
microorganism. Sheoran et al.(2010) noted that
the microorganism uses ammonium for processing
nitrite (NO) to nitrate (NO3) in nitrification.

0 5

10 15 20

Y ears After Reclamation

Figure 2. Relation between soil quality index (SQI) and age reclamation

The results of research by Mukhopadhyay et
a.(2014) showed that main indicators of soil
quality in land reclamation area are SOC, soil
CO2 flux, texture, dehydrogenase activity,

moisture content and base saturation. Meanwhile,
the result of research by Masto et a.(2015)
showed that soil quality indicators consist of soil
respiration, bulk density, lead, nickel, chromium,
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cobat, beryllium, losing organic material,
polycyclic aromatic hydrocarbon total. The latest
research by Mukhopadhyay et a. (2016) in land
reclamation area showed that soil quality
indicators consist of texture, pH, SOC,
dehydrogenase activity, calcium, EC, available P,
and sulfur. Based on the variable linear, the land
reclamation area in 1, 15 and 18 years old has
been increased (Figure 2). SQI in the 18 years old
land reclamation area was higher than that in the
natural forest. It occurred in the same research of
Mukhopadhyay et al.(2014) that 17 years old land
reclamation area was little higher (0.670) than
natural forest (0.633). If the soil quality index
value >0.5, the soil reclamation area is successful
and it has ecological sustai nability
(Mukhopadhyay et al., 2014). In the 18 years old
land reclamation area, SQI was 0.651 and that in
the natural forest was 0.575. The high index
indicated that the soil quality is good (Supriyadi et
al., 2014). Soil quality indicator which consists of
pH, base saturation, bulk density, electrical
conductivity (EC), cation exchange capacity
(CEC), available P, total N, and soil organic
carbon (SOC) can be used as an indicator to
evaluate the success of reclamation, the
appropriate tree for revegetation, and biochemical
cycling occurring in land reclamation area
ecosystem. Sail holistic study that had been done
by Brevik et al. (2015) showed that soil can
support kind of biological, biochemical cycling,
hydrologic cycling, and human sociology and
health.

Conclusion

Characteristics of physical, chemica and
biological of soils from various kinds of land
reclamation areas were used to value the soil
quality improvement from the degraded soil
caused by coal mining. PCA used to count the
MDS consisted of pH, base saturation, bulk
density, electrical conductivity, cation exchange
capacity, available P, total N and soil organic
carbon. Soil quality index (SQI) in the 18 years
old soil reclamation (0.651) was higher than that
in the natural forest (0.575). Soil quality index
that has > 0.5 defines as sustainable reclamation.
The high index value shows the good soil quality
and well soil function. Based on variable linear,
SQI showed the enhancement along the addition
of soil reclamation age.
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