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ABSTRACT

Assessment of mine soil quality is the key parameter for evaluation of reclamation success. To investigate
the effect of vegetation on mine soil development and reclamation, chronosequence sites were selected in
alarge opencast coal project in North Karanpura Area, Central Coalfield Limited (CCL), India. The physico-
chemical and biological characteristics of chronosequence sites were compared with reference forest site.
Principal component analysis (PCA) was employed to derive a mine soil quality index (MSQI) which was
used for assessing the progress of reclamation. Soil organic carbon, soil CO, flux, dehydrogenase activity,
coarse soil fraction, moisture content and base saturation are the most critical properties controlling
health of reclaimed coal mine soil. The observed values of the above soil indicator parameters were
converted into a unitless score (0-1.00) and the scores were integrated into MSQI. The MSQI values were
validated by regression analysis with the plant growth parameters (aerial height, diameter at breast height
and canopy cover). The contribution of each soil indicator parameter on calculated MSQI was analysed,
which gives an insight into the cause for the measured MSQI. The calculated MSQI varied from 0.220
in 2 years old reclaimed dump to 0.670 in 17 years old reclaimed dump. More the MSQI value better is
the reclamation status of the mine soil. Mine soil with MSQI>0.500 may be considered as ecologically
sustainable or reclamation is satisfactory. Age of reclamation has been found to have a significant effect
on the nutritional and microbial properties of the mine soils. Progressive build up of adequate nutrient
pool in 17 year site may be sufficient for ecosystem maintenance in this region.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

properties of these mine spoils are directly controlled by the phys-
ical and geochemical properties of the rock strata from which

Globally, surface mining destroys the landscape and aesthet-
ics by creation of huge overburden dumps and voids. These
overburden material mostly consists of large boulders and loose
rocks fragments, devoid of organic matter and nutrients which
are left unmanaged and creates environmental pollution, com-
monly known as “mine spoil”. Once the mine spoils are physically
reclaimed and utilized to support plant growth (either with
or without topsoil), they are considered to be “mine soils”
(Sencindiver and Ammons, 2000; Shrestha and Lal, 2011). The
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they are derived. Mine soils are pedogenically young soils that
are developing from mixtures of fragmented and pulverized rock
material (i.e., anthropogenic soil). During reclamation develop-
ment of mine soil process is accelerated by addition of topsoil,
amendment, afforestation or plantation. In course of time natural
succession also accelerates the soil forming process. This soil devel-
opment process can be studied by considering reclaimed mine soil
chronosequence sites. Chronosequence based approaches are use-
ful ways of assessing rates and direction of changes in various
pedological characteristics (Brentley, 2008; Chaudhurietal.,2013).

Soil quality assessment of chronosequence sites is important to
estimate the reclamation time. To evaluate the progress and suc-
cess of reclamation of the mine soils, identification of soil quality
indicators are essential which will be used to determine quan-
titatively the health of the reclaimed mine soils. Based on ‘soil
quality indicator parameters’ an integrated ‘mine soil quality index’
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could be developed to ascertain the stage of recovery of ecosys-
tem and mine soil characteristics. In management perspective mine
owners/stakeholders always desire to know the health of reclaimed
area and time required for the development of self-sustaining forest
cover. Therefore, it is essential to monitor the physico-chemical and
biological characteristics of chronosequence mine soil sites, which
will help to understand the progress of mine soil development.

Many authors have attempted to develop soil quality indicators
by measuring various soil characteristics and relating these two
different management practices, productivity, or environmental
quality. Arshad and Martin (2002) have suggested several indi-
cators for assessing soil quality, namely organic matter, topsoil
depth, infiltration, aggregation, pH, electrical conductivity, sus-
pected pollutants, and soil respiration. Dickinson et al. (2005)
proposed biological descriptors of soil health for use in reclama-
tion of Brownfield land in U.K. They emphasized that assessment
of soil health can be based on measures of biodiversity or func-
tional processes. RiiZek et al. (2001) reported that although there
were clear relationships between age of restoration and increase
in soil microbial biomass; distinctly different algorithms had to be
developed for reclaimed sites in the Czech Republic and Germany
because both organic matter content and the textural characteris-
tics are different at the initial stage of reclamation. Chronosequence
study carried out by Sourkova et al. (2005) in 5 reclaimed sites
ranging from 8 to 40 year old in the lignite mine spoil (Germany
and Czech Republic) showed that vegetation type and litter quality
have greater importance for development of soil microbial activity
than the substrate quality. Chodak and Niklinska (2010) empha-
sized that establishment of microbial community is essential for
successful reclamation of post-mining degraded land.

Soil enzymes respond to changes in soil management more
quickly than other variables and therefore may be useful as
early indicators of biological changes (Bandick and Dick, 1999;
Masciandaro et al., 2004). Soil microbial biomass (Carter et al.,
1999) is highly responsive to changes in carbon inputs to the soil
and can provide a measurable change before any such change in the
total soil organic matter. The microbial biomass can provide one of
the most satisfactory estimates of the restoration of soil microbial
populations; it provides a measure of organic matter dynamics.
Important microbial properties such as increase in soil microbial
biomass carbon (MBC), mycorrhizal association and soil respiration
are used as indicator parameters to assess the health of reclaimed
land (Brookes, 1995).

Though there are specific indicators, many authors (Nannipieri
etal.,2002) have proposed the combined use of a number of param-
eters as early indicators of stress or soil restoration. According to
Gil-Sotres et al. (2005) soil indicators can be used both individu-
ally, as simple indices, or as an integrated index of these indicators.
Integrated indices are thought to be highly suitable for estimating
soil quality, although their use is limited to the area and situation
in which they have been described. Integrated soil quality indices
based on a combination of mine soil properties provide a better
indication of reclamation status of coalmine degraded land than
individual properties. Moreover an integrated index is essential
for quantitative comparison of soil from different aged reclaimed
dumps. A number of soil quality and fertility indices have been
proposed (Karlen et al., 1997; Trasar-Cepeda et al., 1998; Andrews
et al., 2002; Velasquez et al., 2007; Rossi et al., 2009); but only
few have addressed on mine soil (Sinha et al., 2009; Asensio et al.,
2013; Mukhopadhyay et al., 2013; Zhao et al., 2013). Very little
attempt has been taken regarding soil quality indicator studies in a
chronosequence of reclaimed coal mine soil. Thus the objective of
this study is to assess the status of reclamation with time by iden-
tifying key soil quality indicators and to develop a mine soil quality
index (MSQI).

2. Materials and methods
2.1. Study area

This study was conducted at the reclaimed mine soil chronose-
quence sites of North Karanpura Area (NK Area), Central Coalfield
Limited (CCL), India, (latitudes 23°39'53”7-23°42’30”N and longi-
tudes 84°59'15”-85°0'3"E). The general topography of this area
is characterized by flat terrain with gentle undulation having
maximum elevation of 467 m above mean sea level. The average
annual rainfall is around 1100 mm to 1600 mm with a maxi-
mum monthly rainfall of 545 mm, 89% precipitation occurs during
rainy season (July-October). The climate is tropical with summer
(March-May) temperature as high as 45 °C. The minimum winter
(November-February) temperature is around 1°C.

To assess the changes in mine soil properties due to tree plan-
tation, the present study was conducted at different aged (2, 5,
7, and 17 years) reclaimed mine sites. These sites were selected
according to their availability. An adjoining undisturbed natural sal
(Shorea robusta) forest area and a fresh un-reclaimed overburden
were selected as reference sites.

2.2. Vegetation

The plantations were raised on overburden dumps because
natural colonization is very slow. Six month old nursery raised
seedlings of different tree species were used for plantation by
the Mander Social Forestry Division, Ranchi in previously dug pits
(40 cm3) at a spacing of 2m x 2m during the onset of monsoon.
During pit plantation, no fertiliser or external topsoil was added;
however watering was done manually in the summer months for
the first year. Approximately 20 different tree species were planted
during reclamation. At the time of sampling (2010), along with
the planted tree species, natural colonisation of Lantana camara,
Leonotis nepetifolia, Eupatorium odoratum, Hyptis suavelons, Pen-
nisetum pedicellatum, Saccharum spontaneum and Zizyphus jujube
were observed.

The reference site was a natural forest, which is mixed dry
deciduous type, dominated by Shorea robusta (sal tree), along with
Terminalia tomentosa, Butea monosperma, Dalbergia sisoo, Madhuca
indica, Terminalia arjuna, Pongamia pinnata, and Azadirachta indica.
Ground vegetation consists of sapling of S. robusta, and other
shrubs (L. camara, E. odoratum, Leonotis neptifolia) and herbaceous
plants (Xanthium strumarium, S. spontaneum, Tridex procumbence
and Evolvulus sp).

In each site, six quadrates of 10m x 10 m area were laid and
average number of trees of a particular species, in each quadrate
was recorded. The relative density (RD) of each tree species was
calculated using the following formula:

no. of individuals of particular species

no. of individuals of all species x 100

Relative density (%) =

Relative density (RD) of tree species growing in the reclaimed
mine soil chronosequence sites is shown in Fig. 1, except for the
17 years old site which was reclaimed by Cassia siamea planta-
tion only. In all the other three sites (2, 5 and 7 years), maximum
RD was observed for D. sissoo (38-52%). The girth of each tree
species was measured at the height of 1.37 m above the ground
level (i.e., diameter at breast height, DBH). All trees in the 100 m?
plot were recorded and their canopy covers measured by the line
intercept method (Johnson and Skousen, 1995). Canopy cover for
each species was recorded in cm/1000 cm and summed to deter-
mine total canopy cover. These totals were normalized between
0 to 100%. A value of 0% indicates no canopy cover, 100% reflects
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Fig. 1. Tree species growing in the reclaimed mine soil chronosequence sites along with relative density (17 years old site has only Cassia siamea, as it was a mono-species

plantation).

complete canopy cover, and values >100% signifies an overlapping
canopy.

2.3. Collection and analyzes of mine soil samples

At each site, six quadrates (10m x 10 m) were laid down, and
from each quadrate 5 mine soil samples were collected (0-10cm
depth) and mixed thoroughly and reduced the weight approx-
imately to 0.5kg by conning-quartering method to yield one
composite sample per quadrate. Therefore six composite samples
were collected from each site. Similar sampling procedure also fol-
lowed for the collection of soil samples from natural sal forest.
After collection, the samples were air dried at room temperature
(30-35°C) and lightly crushed with a mortar and pestle, and passed
through a 2 mm sieve. For analysis of soil biological properties, field
moist soil samples were taken in ice boxes, transported to labora-
tory and stored at +4 °C till their analysis. The physico-chemical and
biological properties of the samples were analyzed as per standard
procedures (Table 1).

2.4. Mine soil quality index (MSQI)

The method described by Bastida et al. (2006), Masto et al.
(2008), Sinha et al. (2009), Mukhopadhyay et al. (2013) was fol-
lowed to develop mine soil quality index (MSQI). PCA was used to
select the appropriate properties and their weighing factors. Prin-
cipal components (PCs) with eigen value >1 (Kaiser, 1960) and
explained at least 5% of the variation of the data were examined
(Wander and Bollero, 1999). Under a particular principal compo-
nent (PC), only the variables with high factor loadings were retained
for indexing. High factor loadings were defined as having absolute
values within 10% of the highest factor loading (Andrews et al.,
2002). When more than one variable are retained under a single
PC, correlation was employed to determine if the variables could be
considered as redundant and, therefore eliminated from the MSQI
(Masto et al., 2008). If the highly loaded factors were not corre-
lated then each was considered important, and thus, retained in
the MSQI. Among well-correlated variables, the variable with the
highest factor loading (absolute value) was chosen for the MSQI.
The final PCA based MSQI equation is as follows:

MSQI = n ]W,-S,» (1)
i=

where, Wis the PC weighting factor, Sis the indicator score for each

variable.

To convert the real values of mine soil parameters into scores
(S), the following equation was used that defined a sigmoidal type
(Bastida et al., 2006; Masto et al., 2008), with an asymptote tending
to 1 and another tending to 0.

s— 9 2)

{1 + (x/xo)b}

where x is the soil parameters value, a is the maximum score (=1.00)
of the soil property, xg is the mean value of each parameter cor-
responding to the different aged reclaimed coalmine dump, b is
the value of the slope of the equation. The slope was —2.5 for the
‘more is better curve’ and 2.5 for the ‘less is better curve’ to obtain
a sigmoidal curve tending to 1 for all the proposed properties.

After calculating the S values for all the indicator parame-
ters, each property was weighted using the PCA results. Each PC
explained a certain amount (%) of the variation in the total data
set. This percentage, when divided by the total percentage of vari-
ation explained by all the PCs with eigen values >1.0, provided the
weighting factor (W) for the variables chosen under a given PC.
Having determined the values of S and W, the MSQI for each site
was then calculated using Eq. (1). Higher index scores mean better
mine soil quality or superior performance of soil functions. To vali-
date the MSQI, the observed MSQI values were regressed with end
point variable like canopy cover, DBH and height of tree species
(Mukhopadhyay et al., 2013).

2.5. Statistical analysis

One-way ANOVA (analysis of variance) was carried out to com-
pare the means of soil characteristics with respect to reclaimed
mine soil chronosequence sites. Differences between individual
means were tested using DMRT (Duncan’s multiple range test), at
P<0.05 significance level. For PCA, regression equations and sco-
ring functions; Microsoft Excel and SPSS Statistics 20.0 (South Asia
Private Limited) were used.

3. Results and discussion
3.1. Soil physico-chemical characteristics

Soil physical properties varied considerably between reclaimed
mine soil chronosequence sites. The characteristics of mine soils
under different aged plantations were compared with fresh mine
spoils and reference forest soil adjacent to the study area (Table 2).
Highest coarse fraction (>2 mm size) was found in fresh mine spoils
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Soil quality parameters

Analytical procedures

Apparatus used

Reference

(a) Physical parameters
Coarse fraction
Texture analysis

Bulk density

Porosity

Moisture content

(b) Chemical parameters
pH

Electrical conductivity (EC)
Organic carbon

Available N

Available P

Exchangeable Na, K, Ca

Exchangeable Mg

Cation exchange capacity (CEC)
Base saturation

(c) Biological parameters
Dehydrogenase activity

Soil microbial biomass carbon

Sieving method

International pipette method

Soil core method

Determined from bulk density with an
assumed particle density of
2.65Mgm3

Gravimetric method

Soil:water suspension (1:1 w/v)
Soil:water suspension (1:1, w/v)

Rapid dichromate oxidation technique
Alkali-permanganate method

Bray’s method for acidic soils and
Olsen’s method for neutral and alkaline
soils

1N ammonium acetate extraction
method

1N ammonium acetate extraction
method

Sodium saturation method

Calculated as the proportion of the CEC
occupied by basic cations

2,3,5-triphenyltetra-zolium chloride
(TTC) as substrate

Chloroform fumigation and extraction
method

Sieves of different sized mesh

Soil sampling tube

Hot air oven

pH meter (Cyberscan 510, Merck)
Digital conductivity meter 611 (EI)

Kjeldahl assembly
UV-Visible spectrophotometer (UV-265,
Shimadzu)

Flame photometer (128, Systronics)

Atomic Absorption Spectrophotometer
(Avanta, GBC)
Flame photometer (128, Systronics)

UV-Visible spectrophotometer (UV-265,
Shimadzu)
Vacuum descicator

Gee and Bauder (1986)
Gee and Bauder (1986)
Sobek et al. (1978)
Sobek et al. (1978)

Dakshinamurthi and Gupta (1968)
Thomas (1996)

McLean (1982)

Nelson and Sommers (1996)
Subbiah and Asija (1956)

Bray and Kurtz (1966), Watanabe
and Olsen (1965)

Jackson (1973)

Jackson (1973)

Jackson (1973)

Thomas (1982)

Casida et al. (1964)

Vance et al. (1987)

Soil respiration Soil CO, flux method

Automated Soil CO, Flux System (LICOR-8100)

LI-8100, Instruction manual (2007)

(62.2%) and lowest in forest (12.9%), while in reclaimed chronose-
quence sites it was found between 39% to 47%. The observed data is
in agreement with Andrews et al. (1998) and Rodrigue and Burger
(2004). In the reclaimed site coarse fraction was <50% indicating
a better environment for plant growth as coarse fraction >50% is
rated as poor quality of mine soils, which retards plant growth (Hu
etal.,, 1992). Coarse fraction is an important parameter that affects
the soil productivity of the coal mined land because excessive
amount of coarse fragments limit the fine earth volume available
for root proliferation, water-holding capacity, and long-term nutri-
ent availability (Mukhopadhyay et al., 2013; Maiti, 2013). Though

Table 2

many researchers have reported a reduction of coarse fractions
with time in surface horizons due to weathering processes (Haering
etal.,, 1993; Johnson and Skousen, 1995; Daniels and Zipper, 1997),
no significant difference was observed in the present study proba-
bly due to greater site variability and heterogeneous nature of mine
soil.

Sand percentage was higher in fresh mine soil (88.6%) com-
pared to other chronosequence sites (67-83%); while silt and clay
percentages were higher in reclaimed sites than fresh mine spoil.
Highest silt content was found in forest soil. Particle size distri-
bution is a major factor governing successful re-vegetation on

Physico-chemical characterization of reclaimed mine soil chronosequence sites, natural sal forest and fresh overburden dumps (values are mean, standard errors are reported

in italic, n=6).

Soil quality parameters Years after reclamation

Natural sal forest Fresh overburden

17-year 7-year 5-year 2-year
Coarse soil fraction (>2 mm) (%) 42.06b" 7.77 46.70b 4.31 39.36b 3.33 45.35b 4.39 12.87¢ 1.05 62.17a3.48
Sand (%) 67.12c2.13 73.70c 2.46 75.68b 2.1 83.33a246 74.23bc 1.33 88.58a 3.09
Silt (%) 18.43a0.73 14.18b 0.67 13.65b 0.83 9.63¢0.74 20.34a 0.62 8.15¢ 0.69
Clay (%) 14.45a 0.61 12.12b0.72 10.67b 0.62 7.10c 0.58 5.43c0.42 3.53d 0.37
Texture Sandy loam Loamy sand Loamy sand Loamy sand Loamy sand -
Bulk density (Mg m~3) 1.39ab 0.07 1.55a 0.06 1.51a0.08 1.56a 0.09 1.24b 0.01 -
Porosity (%) 47.40ab 2.73 41.42b 241 43.11b 5.77 40.25b 3.32 53.38a 048 -
pH (1:1; w/v) 5.80ab 0.19 5.33bc 0.19 4.91c 0.08 5.20bc 0.05 5.90a 0.27 5.52ab 0.15
EC(dSm™1)(1:1; w/v) 0.187b 0.071 0.179b 0.047  0.133bc 0.022 0.115bc 0.028 0.038c 0.001 0.39a 0.062
Organic carbon (%) 2.25a1.13 0.98cd 0.02 1.15¢ 0.05 0.31d 0.02 1.65b 0.02 -
Available N (mgkg~1) 135.72a 8.21 32.46¢ 5.46 50.78bc 6.19 25.89d 5.24 84.04b 4.37 -
Available P (mgkg~1) 13.72a 1.43 7.69¢ 0.93 10.92¢ 0.98 3.56d 0.35 12.70b 0.43 1.25d 0.14
Available K (mgkg~') 18.40a 4.69 6.86b 1.57 3.03¢0.53 1.11c 049 3.64c 0.25 17.27a1.75
CEC [cmol(+)/kg soil] 21.20a 1.82 12.2b 0.82 10.56b 0.96 6.57cd 0.61 9.43bc 0.68 3.53d 0.4
Exchangeable cations [cmol(+)/kg soil] Ca 423a1.12 2.30b0.21 0.61c 0.09 0.43c0.07 0.52c0.1 1.60bc 0.39
Mg 1.63a0.023 0.92b0.018 0.24d 0.017 0.22d 0.024 0.26d 0.011 0.64¢ 0.028
K 0.52a 0.092 0.22b 0.029 0.08c 0.012 0.03c0.011 0.09c¢ 0.006 0.46a 0.21
Na 0.21a 0.006 0.18a 0.028 0.18a 0.002 0.18a 0.002 0.18a 0.009 0.22a 0.005
Base saturation (%) 31.04b 0.58 29.61b 0.42 10.55¢ 0.56 13.16¢ 0.53 11.23c 043 82.56a 1.14

" Different letters in the same row indicates significant differences between different sites at P<0.05.



14 S. Mukhopadhyay et al. / Ecological Engineering 71 (2014) 10-20

Table 3

Soil CO; flux, soil surface CO, conc., soil temperature, moisture and relative humidity in the reclaimed mine soil chronosequence sites and natural sal forest (values are

mean + standard deviation (min-max), n=6).

Site Soil CO; flux
(pmol CO, m2s71)

Soil surface CO, conc.
(ppm)

Soil temperature (°C)

Soil moisture (%) Relative humidity (%)

17-yr old 5.414+1.22a (4.23-7.50) 491 + 33.02 (455-559)
7-yr old 3.05+0.83b (2.19-4.91) 472 +£31.91 (443-531)
5-yr old 3.1440.39b (2.82-3.79) 4164+ 1.84 (414-418)
2-yrold 2.4740.23¢(2.12-2.82) 401+29.21 (357-462)
Natural sal forest 5.34+0.52a (4.87-6.14) 441 +7.68 (435-450)

36.44 +2.75 (34.08-39.75) (
31.11+1.43 (29.29-32.91) (
36.78+2.51 (34.56-38.79)  4.96+1.09 (3.88-7.53)
36.12+2.33 (34.52-38.31) (
31.33+3.22 (26.63-33.87) (

5.794+0.98 (4.89-7.59)
4.45+1.40 (2.56-5.93)

62.80+1.94 (60.12-64.88)
52.69 +0.76 (51.93-53.70)
47.46+10.88 (32.28-61.22)
48.34+5.62 (36.63-59.14)
50.65 + 10.25 (40.80-63.19)

5.16+1.03 (4.04-6.82)
3.86+1.64 (1.15-4.40)

" Different letters indicate significant differences between soil CO; flux in different aged reclaimed dumps at P<0.05.

reclaimed land as it influences water holding capacity, bulk density,
soil moisture availability and nutrient contents as well as avail-
ability. Mine soils texture vary from dump to dump depending
upon the overburden materials excavated from different depth and
also upon the parent material from which the soil is developing
(Sencindiver and Ammons, 2000).

Soil bulk density was higher (1.56Mgm~3) in the recently
reclaimed mine soils, compared to the 17 years old mine soil
(1.39Mgm~3) and lowest in the forest soil (1.24Mgm~3). The
bulk density differences were attributed to mining equipment and
organic inputs on older sites. New mine soils had a slightly higher
bulk density than the native soils due to the differences in mining
method rather than pedogenic processes. In a similar study, root
system development, addition of biomass, and little anthropogenic
perturbation after 15 to 20 years of reclamation improved soil
structure, decreased bulk density, and increased porosity (Thomas
et al.,, 2000). The bulk density decreased with increase in age of
reclamation (Table 3). Izquierdo et al. (2005) also observed a sharp
decrease in bulk density after planting of trees in the degraded
mining sites. In a study comparing mine soils of different ages, bulk
density of the old mine soil (~50 years) was equal to or less than the
native soil (Schafer et al., 1980). Akala and Lal (2001) also showed
that growth and development of roots over time incorporates soil
organic carbon and loosens up the soil, thus decreasing soil bulk
density. In relation with bulk density, porosity was significantly
higher in natural forest and 17-year old dumps compared to other
reclaimed sites (Table 3). Profile porosity was considered the fourth
most influential variable on mine soil quality and higher porosity
resulted in higher site productivity (Rodrigue and Burger, 2004).

The pH of the mine soil was acidic in all sites and no significant
trend was found with the increasing age of reclaimed sites (Table 3).
The pH (1:1) values ranged between 4.91 to 5.80, which is lower
than natural forest (5.90) and showed significant variations among
the reclaimed mine soil chronosequence sites (P<0.05). The study
indicates that soil pH of this regions were slightly acidic which
favours the growth of natural sal forest and leguminous trees. The
parent material of the overburden dump decides the mine soil pH
depending on the amount of acid-producing or acid-neutralizing
material present in it (Daniels and Zipper, 1997; Mukhopadhyay
and Maiti, 2011). The gradual increase in pH from 5.52 (fresh over-
burden) to 5.80 was due to plantations and inputs of organic matter
that modifies the pH of the soil. Since the plant species are dicotyle-
donous, they may release more base cations like Ca2* into the soil
(highest Ca2* was foundin 17 and 7 year old mine soil) thus increase
the pH of the soil more than the fresh mine soils.

The soil EC values were lower in the mine soils, varying from
0.115 to 0.187dSm~"! and reduced significantly in natural forest;
however significantly high value was found in fresh overburden
materials. Soluble salts are an influential variable in the survival and
growth of tree seedlings, and site productivity decreases with an
increase in soluble salt concentration (Rodrigue and Burger, 2004;
Torbert et al., 1988). The variation of EC values are attributed by

leaching, composition of parent materials and plants uptake. The
observed EC is within the plant growth limit. Soluble salt concen-
trations of >1-3dSm~! were unfavourable for plant growth and
tree survival (McFee et al., 1981).

The highest soil organic carbon (OC) content was in the 17-year
old mine soil (2.25%) and the lowest in the 2-year old mine soil,
while in forest soil, the OC was 1.65%. This higher OC in the oldest
site is due to the accumulation of leaf litter and its decomposition
to form humus. Available N and P also followed the same trend
as organic matter (Table 2). OC, N and P have been reported as
growth limiting factors on mined sites, but usually within the first
10-year after disturbance (Andrews et al., 1998). Increase in con-
centration of available N with increase in age of plantation has
been observed. Low available N stock in the younger reclaimed
sites suggests that N is limiting initially after reclamation when
very little organic matter is present. Nitrogen accumulation is
controlled by organic carbon input and N fixation, and phospho-
rus content is determined by the organic matter, pH of the soil
substrate and weathering process (Andrews et al., 1998). Several
chronosequence studies (Akala and Lal, 2000; Schwenke et al.,
2000; Maharaj et al., 2007; Shrestha and Lal, 2010) have reported
accumulation of C and N pools over time in reclaimed soils. Avail-
able P varied along the chronosequence and there were significant
differences among sites, with the highest levels of P in the 17-
year old reclaimed mine soil. Development of vegetation cover
enhanced the natural soil cycle and thus showed higher values
of available P compared to fresh mine spoil (Torbert et al., 1988).
Sourkova etal. (2005) studied the accumulation of carbon (C), nitro-
gen (N) and phosphorus (P) and their vertical distribution in the
soil profile in relation to site age in a chronosequence of 19 sites
on reclaimed spoil heaps from open-cast coal mining, near Sokolov
(Czech Republic) and compared them to a semi-natural alder for-
est in the vicinity of the mining area. Rapid accumulation of C and
N in the soil profile was registered within 15 years after reclama-
tion.

A significant change in exchangeable cations with the age of
reclaimed sites was observed (Table 3). In mined site, base sat-
uration and cation nutrition are highly dependent on the parent
material (Czapowskyj, 1978). Generally, CEC is used as a measure
of soil fertility and nutrient retention capacity. In forest soil and 2-
year old mine soil, the concentration of cation nutrients was lower
because of higher leaching caused by porous texture of the soil.
In case of 17-year old site, concentrations of cations were found
higher due to low leaching and higher clay content. In the fresh
overburden, base saturation was higher (82.6%) due to high con-
centration of bases (Ca, Mg, K, Na) in the parent materials. With
increase in age of reclamation, content of these ions decreased as
they are exposed to natural weathering process, followed by leach-
ing. Ininitial stage of reclamation, due to low clay content and lower
CEC, bases are continuously leached, which is evidenced in 2 and
5 year reclaimed sites having 10.6-13% base saturation. However,
the base saturation was higher for the 17 year site (31%). In course
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Fig. 2. Change in (a) soil dehydrogenase activity (DA) (wg TPFg~! soilh~1) and (b)
microbial biomass carbon (mgCkg-! dry soil) with age of reclamation. (Error bar
represents standard deviation of six replicates; bars with same letters are not sig-
nificant at P<0.05).

of time as dumps get stabilized, with the increase in clay content,
base saturation also increases.

3.2. Soil biological parameters

3.2.1. Soil dehydrogenase activity

Soil dehydrogenase activity (DA) was highest in 17 year
mine soil (60.72ugTPFg-1h-1) followed by the forest soil
(50.36 wg TPFg~1 h~1)> 5 year mine soil (29.15uwgTPFg-1h~1) >7
year mine soil (25.70 .g TPFg~! h—1) and least in 2 year mine soil
(15.06 g TPFg~1h~1) (Fig. 2a). The DA activity increased with
increase in the age of reclamation due to the relatively higher
vegetation cover and organic carbon content in older sites. Apart
from reclamation age, the heterogeneity of the dump materials
and nature of the plant species will affect the carbon accumulation
and accordingly the DA activity. Harris and Birch (1989) studied
soil microbial activity in opencast coal mine restoration sites and
observed DA ranged from 140 to 580 wg TPFg~124h-! in undis-
turbed soils, whereas in disturbed soils activities reduced to 10 to
220 wg TPFg~1 24 h~1, with the lowest activities being recorded in
the stored and most recently reinstated soil, indicating that dis-
turbance has depressed microbial activity.

3.3. Soil microbial biomass carbon

Soil microbial biomass carbon (MBC) acts as a source of plant
nutrients in mine soils (Singh et al., 1989), which increases pro-
gressively with age of reclamation. Accumulation of labile carbon
during reclamation helps in a rapid increase in MBC. A general

Table 4
Results of principal component analysis of soil parameters from reclaimed mine soil
chronosequence sites.

Principal components PC-1 PC-2 PC-3
Eigen values® 9.61 3.22 1.52
Variation (%) 56.54 18.95 8.92
Cumulative variation (%) 56.54 75.49 84.41

Eigen vectors®

Coarse soil fraction (>2 mm) -0.472 0.782 0.210

Sand -0.837 -0.213 0.310

Silt 0.827 —0.298 -0.110
Clay 0.469 0.687 —-0.403
Bulk density -0.736 0.528 0.124
Moisture content 0.488 0.739 -0.384
pH(1:1; w/v) 0.570 —-0.260 0.574
EC(1:1; w/v) 1.616E — 02 0.696 0.163
Organic carbon 0.948 4.148E - 02 —7.30E-02
Available N 0.817 7.207E - 02 9.678E — 02
Available-P 0.813 —9.55E-02 -0.226
Exchangeable K 0.800 0.305 0.378

CEC 0.761 0.539 0.117

Base saturation 0.467 0.328 0.661

Soil CO; flux 0.938 -0.267 0.112
Microbial biomass carbon 0.811 -0.185 —8.70E - 02
Dehydrogenase activity 0.936 -0.123 5.388E—-02

2 Boldface eigen values correspond to the PCs examined for the index.
b Boldface-underlined factors correspond to the parameters included in the index.

increasing trends of MBC was observed from a low level in the more
recently reclaimed sites (92 mgCkg~! soil) to a higher level at 5
(254mgCkg1 soil), 7 (155mg Ckg~! soil),and 17 (388 mg Ckg~!
soil) year of reclamation. Lower MBC was observed in the 7-year
site than 5 years may be due to impoverished conditions of the
site, sparse ground vegetation and low tree density. Clayton et al.
(2009) also observed a general trend of increasing MBC from a low
level in the more recently reclaimed sites (131-138 mg Ckg~! soil)
to a high level in the 16-20 year (280mgCkg~') and 38-42 year
sites (244 mg Ckg~1) in coal mine reclaimed soils of South-western
Virginia, USA.

The MBC level in the 17-year old reclaimed sites was found
higher than the forest site, which indicates the recovery of soil
microbial communities with time (Fig. 2b). Anderson et al. (2008)
reported that it usually takes 20 years or more for microbial
biomass and diversity in disturbed soils to reach the levels of native
soils in the semiarid mined lands of Wyoming (USA). Similar obser-
vations were also reported by Banning et al. (2008) and Singh et al.
(2004). Microbial biomass thus provides one of the most satisfac-
tory estimates of the restoration of soil microbial populations (Ross
etal., 1990). A continuous increase in microbial biomass with age in
our study indicates continuous soil redevelopment on mine soils.
A rapid development of microbial biomass in the mine spoil is an
indication of the efficient restoration potential of the growing tree
plantation. Obviously, the younger sites are in developing stage and
it will take time to reach soil nutrient levels comparable to nearby
natural forests.

3.4. Soil respiration (in situ soil CO5 flux)

In reclaimed mine soil, organic matter and microbial activity
progressively increased with time due to growth of vegetation.
Soil organic carbon quality is assessed by microbial biomass carbon
and microbial CO, respiration activity (Ananyeva et al., 2008). The
variation of soil CO, flux was studied during the winter months
in the reclaimed chronosequence sites (Table 4). Level of soil
moisture in the reclaimed sites ranged from 4.5% to 5.8%; tem-
perature and relative humidity varied between 31 and 36.8 °C and
47-63%, respectively. The ambient soil surface CO, concentration
was between 416 and 490 ppm. Average CO, flux was highest in the
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Table 5
Correlation between the variables of PC-1.

Parameter Organic CO; flux Dehydrogenase
carbon activity

Organic carbon 1.00

Soil CO; flux 0.958" 1.00

Dehydrogenase activity 0.953 0.951" 1.00

™ Correlation is significant at P<0.01 (2 tailed).

17-year reclaimed site due to higher accumulation of organic mat-
ter and greater microbial activity. No significant difference in CO,
flux was observed between 5 and 7-year reclaimed site. Higher soil
CO, flux in 17 year reclaimed sites and forest soils were attributed
to high soil organic carbon and microbial biomass than younger
dumps. Time series analysis by Wiseman and Seiler (2004) also
revealed that stand age had a significant effect on soil CO, flux

reclaimed by coalmine soil, the coal particles will significantly con-
tribute to SOC. So it is not advisable to depend heavily on soil
organic carbon alone for assessing MSQI. So the next two highly
weighted variables soil CO, flux and dehydrogenase activity were
also included in the MSQ]I, and the weights among the soil parame-
ters were decided as per the factor loadings. Under PC-2, coarse soil
fraction and moisture content were highly weighted. As coarse soil
fraction and moisture content were not well correlated, both were
retained for calculating index. Likewise base saturation was highly
weighted in PC-3. Thus soil indicator parameters finally selected by
PCA were, soil organic carbon, soil CO, flux, dehydrogenase activity,
coarse soil fraction, moisture content and base saturation. Weights
for selected variables were determined by the per cent variation
in the data set explained by the first three PCs. Within a particular
PC, the weights were distributed among the correlated variables as
per the factor loading; for non-correlated variables the full weights
were assigned.

Mine soil quality index (MSQI)= 0.5654 (organic carbon/CO,flux/dehydrogenase)
+0.1895 coarse fraction 4+ 0.1895 moisture 4+ 0.0892 base saturation

The MSQI values were normalized to a O to 1 scale by dividing
each weighing factors by the total weighing factor (1.0336) and the
final normalized MSQI is given below:

Final MSQI = 0.18234 x S(CO, flux)+ 0.18234 x S(organic carbon)+ 0.18234 x S(dehydrogenase)

(3)

+0.18334 x S(coarse fraction)+ 0.18334 x S(moisture) + 0.0863 x S(base saturation)

rate. The increasing trend of CO, flux was observed with increase
in age of reclaimed sites due to increase in moisture holding capac-
ity, organic matter, root density and microbial activity. The most
influential factors affecting soil CO, flux during the study were soil
temperature, soil moisture and stand age (Wiseman and Seiler,
2004; Mukhopadhyay and Maiti, 2012). Rochette et al. (1999)
reported that CO, flux in moist soils is 2 to 3 times greater than in
drier soils. Ding et al. (2007) suggested that soil moisture may affect
soil respiration indirectly by modifying soil temperature, and both
may be interdependent in their effects on soil respiration. Chodak
and Niklinska (2010) reported that soil texture has a greater influ-
ence than planted vegetation on basal respiration rate, which was
found higher in loamy sand than sandy soil. Thus the improvement
in the soil physico-chemical properties (Table 2) in turn favourably
enhanced the soil biological quality.

3.5. Mine soil quality index (MSQI) based on principal component
analysis

The soil characteristics of chronosequence sites and reference
site (sal forest) of NK Area was subjected to PCA to identify the
critical soil parameters that can be considered as “soil quality
indicators of reclaimed mine soil”. The first three PCs had eigen val-
ues > 1.0 (Table 4). The highly weighted variables under PC-1 were
organic carbon, soil CO, flux and dehydrogenase activity. Organic
carbon was highly correlated with the other parameters i.e., soil
CO, flux and dehydrogenase activity (Table 5). Since the sites were

Table 6
Parameters for scoring curves for reclaimed mine soil chronosequence sites.

where Sis the score for the individual variables, and the coefficients
are the weighing factors obtained from the results of PCA.

The different parameters for the scoring curves are presented
in Table 6. The variables in Eq. (3) are considered the most critical
indicators to express the overall soil health of mine soil and the sub-
sequent performance of the tree species. The PCA infers that these
six important soil parameters could be used to derive MSQI that will
indicate health of reclaimed coal mine soil. Several researchers also
considered these properties as important soil quality indicators for
different types of degraded land.

Soil organic carbon (SOC) is a much reliable soil quality indica-
tor and its monitoring over time indicates the quality of the land,
whether aggrading, degrading or stable (Chaudhuri et al., 2013).
Rajan et al. (2010) has reported that SOC is the most discriminating
and reliable quality indicator which can be used singly for mon-
itoring the status of land degradation due to soil erosion. Bodlak
et al. (2012) concluded that SOC content is an appropriate tool for
evaluating the soil quality in a reclaimed post-mining landscape.
Soil CO, flux describes the level of microbial activity, soil organic
matter content and its decomposition and used as an early indica-
tor of stress or soil restoration to determine the reclamation status
of coalmine degraded sites (Sourkova et al., 2005; Chodak and
Niklinska, 2010). Coarse fraction has been identified as one of the
most influential mine soil property affecting site quality and forest
productivity (Rodrigue and Burger, 2004). Soil moisture is used
as an indicator parameter in studies on restoration of degraded
land (Dutta and Agrawal, 2002; Mukhopadhyay and Maiti, 2012).
Littlefield et al. (2006) studied carbon and nutrient dynamics in
reforested mine sites by considering soil CO, respiration, organic

Sl. no. Parameter Organic carbon CO, flux Dehydrogenase activity Coarse fraction Moisture Base saturation
1 Curve type More is better More is better More is better Less is better More is better More is better
2 Mean (xo) 1.27 3.89 35.18 37.27 4.22 21.44

3 Slope (b) -2.50 -2.50 -2.50 2.50 -2.50 -2.50

4 R? 0.662 0.935 0.777 0.990 0.934 0.759

5 F significance 0.000 0.000 0.000 0.000 0.000 0.000
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Fig. 3. Contribution of each soil indicator parameter on calculated MSQI with age
of reclamation.

matter, soil moisture, decomposition, litterfall, and microbial
biomass. Rodrigue and Burger (2004) reported BS ranged from 13
to 100% in reclaimed mine soils and found higher than that of the
non-mined sites; and correlated with forest productivity.

The MSQI obtained using the PCA is presented in Fig. 3, where
the contribution of each soil indicator parameter on calculated
MSQI is also shown, which gives an insight into the cause for the
measured MSQI. Lowest MSQI observed in 2 years old reclaimed
dump was due to the lesser score for all the six parameters
included in the MSQI. The calculated MSQI varied from 0.220 in
2 years old reclaimed dump to 0.670 in 17 years old reclaimed
dump (Fig. 3). A positive correlation between mine soil quality
index and age of reclamation is depicted in Fig. 4. Now, in order to
evaluate the MSQI, regression analyses have been done with end
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0.300 * y =0.0273x + 0.2186

0200 —§ R2=0.9214
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Mine Soil Quality Index (MSQl)
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Different aged reclaimed mine soil

Fig. 4. Relation between mine soil quality index and age of reclamation.

point variables like canopy cover, DBH and height of tree species.
The details of vegetation analysis of few dominant tree species
growing in the different aged reclaimed sites are given in Table 7.
The canopy cover (RZ =0.99), DBH (R% =0.87) and height (R?=0.82)
of tree species are highly correlated with the MSQI (Fig. 5). These
regression results support the practical utility of the MSQI.

The MSQI recorded for the 17 years old site (0.670) is slightly
higher than that of the sal forest (0.633), which indicates the
recovery of soil with time. Anderson et al. (2008) reported that
it usually takes 20 years or more for disturbed soils to reach
the levels of native soils in the semiarid mined lands. More the
MSQI value better is the reclamation status of the sites. So it is
recommended that ecorestored mine soil sites with MSQI > 0.500
could be considered as ecologically sustainable or reclamation is
satisfactory. In other words at least 50% of the soil functions are
restored in these sites. Age of reclamation has been found to have
a significant effect on the nutritional and microbial properties of
the mine soils. Progressive build up of adequate nutrient pool in
17 years site may be sufficient for ecosystem maintenance in this
region. All the indicator parameters (except soil coarse fraction)
scores and MSQI are positively related with the year of reclamation
(Fig. 6). A progressive amelioration of soil CO; flux, organic carbon,
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Fig. 5. Correlation between mine soil quality index and plant growth parameters (a) canopy cover (b) DBH (c) tree height.
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Table 7
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Vegetation analysis of the dominant trees growing in the different aged reclaimed sites.

Age of reclaimed sites Dominant tree species DBH (cm) Height (m) Canopy cover (%)
17-year C. siamea 19.76 £2.35 7.1+£0.61 128
16.86-24.18 6.4-7.6
7-year D. sissoo 9.09+2.19 5.12+0.75 86
5.73-13.36 4.5-5.7
C. siamea 8.97+2.12 4.24+0.68 88
6.36-11.77 3.9-4.5
A. auriculiformis 5.41+0.64 5.1+0.82 65
4.77-6.14 4.7-5.4
A. mangium 6.47+£1.29 4.1+0.51 82
5.73-7.95 3.9-4.5
5-year D. sissoo 7.81+1.51 4.91+0.71 85
5.73-10.5 3.5-5.8
A. catechu 497+1.75 3.09+0.80 72
2.23-7.00 1.9-4.1
2-year D. sissoo 3.82+1.18 3.76 £0.67 48
1.91-5.73 24-4.5
C. siamea 2.234+0.12 2454047 46
2.01-2.38 1.8-34

dehydrogenase activity, moisture, and base saturation with
increase in age of reclamation is depicted in Fig. 6. The coarse
fraction of the mine soil is not increasing with reclamation age,
it may require many more years for its weathering depending
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on the physical, chemical, and biological conditions of the soil.
Thus, the MSQI estimated based on the soil indicators, CO, flux,
organic carbon, dehydrogenase, coarse fraction, soil moisture, and
base saturation could be employed as a tool for evaluation of the
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Fig. 6. Relation between the soil quality indicator scores and the age of reclamation.
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success and changes in mine soil reclamation process. This MSQI
may be applied to other mining sites, although we recommend a
validation in each site.

4. Conclusion

Soil physico-chemical and biological characteristics of
chronosequence mine soil sites, were assessed to evaluate
the progress of mine soil development leading to sustainable
reclamation. PCA was used to create the mine soil quality index
(MSQI). MSQI increased with increase in the age of reclamation.
The soil quality at 17 years old site is comparable to that of a
undisturbed forest. More the MSQI value better is the reclamation
status of the mine soil. So it is recommended that mine soil with
MSQI>0.500 should be considered as ecologically sustainable or
reclamation is satisfactory. Besides assessment of reclamation
status of the mine soil, this indexing approach can be useful as a
tool for selection of plant species and role of amendments on the
improvement of soil function which will meet the ecorestoration
goals.

Acknowledgements

The first author would like to thank the Indian School of Mines
for providing her research scholarship and other research facilities
during this study. The authors would also like to thank Central Coal-
field Limited (CCL), India, for providing necessary facilities during
the field study at North Karanpura Area, Ranchi. The authors are
extremely grateful to the anonymous reviewers for their insightful
comments and suggestions.

References

Akala, V.A, Lal, R, 2001. Soil organic carbon pools and sequestration rates in
reclaimed minesoils in Ohio. ]. Environ. Qual. 30, 2098-2104.

Akala, V.A,, Lal, R., 2000. Potential of mine land reclamation for soil organic carbon
sequestration in Ohio. Land Degrad. Dev. 11, 289-287.

Ananyeva, N.D., Susyana, E.A., Chernovab, O.V., Wirth, S., 2008. Microbial respiration
activities of soils from different climatic regions of European Russia. Eur. J. Soil
Biol. 44, 147-157.

Anderson, ].D., Ingram, L.J., Stahl, P.D., 2008. Influence of reclamation management
practices on microbial biomass carbon and soil organic carbon accumulation in
semiarid mined lands of Wyoming. Appl. Soil Ecol. 40, 387-397.

Andrews, ].A., Johnson, J.E., Torbert, J.L., Burger, J.A., Kelting, D.L., 1998. Minesoil
and site properties associated with early height growth of eastern white pine. J.
Environ. Qual. 27, 192-199.

Andrews, S.S., Karlen, D.L., Mitchell, J.P., 2002. A comparison of soil quality indexing
methods for vegetable production systems in Northern California. Agric. Ecosyst.
Environ. 90, 25-45.

Arshad, M.A., Martin, S., 2002. Identifying critical limits for soil quality indicators in
agro-ecosystems. Agric. Ecosyst. Environ. 88, 153-160.

Asensio, V.,Guala, S.D., Vega, F.A., Covelo, E.F.,2013. A soil quality index for reclaimed
mine soils. Environ. Toxicol. Chem. 32, 2240-2248, doi: 10.1002/etc.2315.
Bandick, A.K., Dick, R.P., 1999. Field management effects on soil enzymes activities.

Soil Biol. Biochem. 31, 1471-1479.

Banning, N.C,, Grant, C.D., Jones, D.L., Murphy, D.V., 2008. Recovery of soil organic
matter, organic matter turnover and nitrogen cycling in a post-mining forest
rehabilitation chronosequence. Soil Biol. Biochem. 40, 2021-2031.

Bastida, F., Moreno, J.L., Hernandez, T., Garcia, C., 2006. Microbiological degradation
index of soils in a semiarid climate. Soil Biol. Biochem. 38, 3463-3473.

Bodlak, L., Kfovikova, K., Kobesova, M., Brom, ]., Stastny, J., Pecharova, E., 2012.
SOC content—an appropriate tool for evaluating the soil quality in a reclaimed
post-mining landscape. Ecol. Eng. 43, 53-59.

Bray, R., Kurtz, L.T., 1966. Determination of total, organic and available forms of
phosphorus in soil. Soil Sci. 59, 39-45.

Brentley, S.L., 2008. Understanding soil time. Science 321, 1454-1455.

Brookes, P.C., 1995. The use of microbial parameters in monitoring soil pollution by
heavy metals. Biol. Fertil. Soils 19, 269-279.

Carter, M.R,, Gregorich, E.G., Angers, D.A., Beare, M.H., Sparling, G.P., Wardle, D.A.,
Voroney, R.P., 1999. Interpretation of microbial biomass measurements for soil
quality assessment in humid regions. Can. J. Soil Sci. 79, 507-520.

Casida]r., L.E., Klein, D.A., Santoro, T., 1964. Soil dehydrogenase activity. Soil Sci. 98,
371-376.

Chaudhuri, S., McDonald, L.M., Skousen, ., Pena-Yewtukhiw, E.M., 2013. Soil organic
carbon molecular properties: effects of time since reclamation in a minesoil
chronosequence. Land Degrad. Dev., doi: 10.1002/1dr.2202.

Chodak, M., Niklinska, M., 2010. Effect of texture and tree species on microbial
properties of mine soils. Appl. Soil Ecol. 46, 268-275.

Clayton, H.G., Wick, A.F., Daniels, W.L., 2009. Microbial biomass in reclaimed soils
following coal mining in Virginia. In: Barnhisel, R.I. (Ed.), National Meeting of the
American Society of Mining and Reclamation, Billings, MT, Revitalizing the Envi-
ronment: Proven Solutions and Innovative Approaches. May 30-June 5, 2009.
R, pp. 227-236.

Czapowskyj, M.M., 1978. Hybrid poplar on two anthracite coal-mine spoils: 10-yr
results. In: USDA For. Ser. Northeast For. Exp. Sta. Res. Note. NE-267. USDA Forest
Service, Broomall, PA.

Dakshinamurthi, C., Gupta, R.P., 1968. Practicals in Soil Physics. IARI, New Delhi.

Daniels, W.L., Zipper, C.E., 1997. Creation and Management of Productive Mine Soils.
Virginia Polytechnic and State University, Blacksburg, pp. 11 (Virginia Cooper-
ative Extension Service, Publication No. 460-121).

Dickinson, N.M., Hartly, W., Uffindell, L.A., Plumb, A.N., Rawlinson, H., Putwain,
P., 2005. Robust biological descriptors of soil health for use in reclamation of
brownfield land. Land Contam. Reclam. 13 (4), 317-326.

Ding, W., Cai, Y., Cai, Z., Yagi, K., Zheng, X., 2007. Soil respiration under maize crops:
effects of water, temperature, and nitrogen fertilization. Soil Sci. Soc. Am. J. 71,
944-951.

Dutta, RK.,, Agrawal, M., 2002. Effect of tree plantations on the soil characteristics
and microbial activity of coal mine spoil land. Trop. Ecol. 43 (2), 315-324.

Gee, G.W.,Bauder, ] W., 1986. Particle-size analysis. In: Klute, A. (Ed.), Methods of Soil
Analysis, Part 1. Second Edition, Agron. Monogr. No. 9. ASA and SSSA, Madison,
WI, pp. 383-411.

Gil-Sotres, F., Trasar-Cepeda, C., Leirés, M.C., Seoane, S., 2005. Different approaches
to evaluating soil quality using biochemical properties. Soil Biol. Biochem. 37
(5), 877-887.

Haering, C., Daniels, W.L.,, Roberts, ].A., 1993. Changes in mine soil properties result-
ing from overburden weathering. J. Environ. Qual. 22, 194-200.

Harris, ].A., Birch, P., 1989. Soil microbial activity in opencast coal mine restorations.
Soil Use Manage. 5 (4), 155-160.

Hu, Z., Caudle, R.D., Chong, S.K., 1992. Evaluation of firm land reclamation effec-
tiveness based on reclaimed mine soil properties. Int. J. Surf. Min. Reclam. 6,
129-135.

LICOR, 2007. LI-8100 Automated soil CO, flux system, 2007. In: Instruction
Manual—LICOR. LICOR, Lincoln, NE.

Izquierdo, 1., Caravaca, F., Alguacil, M.M., Hernandez, G., Roldan, A., 2005. Use of
microbiological indicators for evaluating success in soil restoration after reveg-
etation of a mining area under subtropical conditions. Appl. Soil Ecol. 30,
3-10.

Jackson, M.L., 1973. Soil Chemical Analysis. PHI Pvt. Ltd, New Delhi, pp. 183-197.

Johnson, C.D., Skousen, J.G., 1995. Minesoil properties of 15 abandoned mine land
sites in West Virginia. ]. Environ. Qual. 24, 635-643.

Kaiser, H.F., 1960. The application of electronic computers for factor analysis. Educ.
Psychol. Meas. 29, 141-151.

Karlen, D.L., Mausbach, J.W., Doran, ].W., Cline, R.G., Harris, R.F., Schuman, G.E., 1997.
Soil quality: a concept, definition and framework for evaluation. Soil Sci. Soc. Am.
J. 61,4-10.

Littlefield, T., Barton, C., Arthur, M., 2006. Carbon and nutrient dynamics in refor-
ested mine sites within the eastern Kentucky coal fields. In: Barnhisel, R.I. (Ed.),
Paper presented at the Seventh International Conference on Acid Rock Drainage
(ICARD). March 26-30, 2006, St. Louis, MO. American Society of Mining and
Reclamation (ASMR), Lexington, KY.

Maharaj, S., Barton, C.D., Karathanasis, T.A.D., Rowe, H.D., Rimmer, S.M., 2007. Dis-
tinguishing “new” from “old” organic carbon in reclaimed coal mine sites using
thermogravimetry: II. Field validation. Soil Sci. 172, 302-312.

Maiti, S.K., 2013. Ecorestoration of the Coalmine Degraded Lands. Springer, New
York, NY.

Masciandaro, G., Ceccanti, B., Benedicto, S., Lee, H.C., Cook, F., 2004. Enzyme activity
and C and N pools in soil following application of mulches. Can. J. Soil Sci. 84,
19-30.

Masto, R.E., Chhonkar, P.K.,, Singh, D., Patra, A.K.,2008. Alternative soil quality indices
for evaluating the effect of intensive cropping, fertilization and manuring for 31
years in the semi-arid soils of India. Environ. Monit. Assess. 136, 419-435.

McFee, W.W., Byrnes, W.R., Stockton, J.G., 1981. Characteristics of coal mine over-
burden important to plant growth. J. Environ. Qual. 10, 300-308.

McLean, E.O., 1982. Soil pH and lime requirement. In: Page, A.L., et al. (Eds.), Methods
of Soil Analysis. Part 2. Second Edition, Agron. Monogr. No. 9. ASA and SSSA,
Madison, WI, pp. 199-224.

Mukhopadhyay, S., Maiti, S.K., 2011. Trace metal accumulation and natural
mycorrhizal colonisation in an afforested coalmine overburden dump- a
case study from India. Int. J. Min. Reclam. Environ. 25 (2), 187-207, doi:
10.1080/17480930.2010.548663.

Mukhopadhyay, S., Maiti, S.K., 2012. Soil CO; flux in grassland, afforested land, and
reclaimed coalmine overburden dumps: a case study. Land Degrad. Dev., doi:
http://dx.doi.org/10.1002/Idr.1161.

Mukhopadhyay, S., Maiti, S.K., Masto, R.E., 2013. Use of reclaimed mine soil index
(RMSI) for screening of tree species for reclamation of coal mine degraded land.
Ecol. Eng. 57, 133-142.

Nannipieri, P., Kandeler, E., Ruggiero, P., 2002. Enzyme activities and microbiological
and biochemical processes in soil. In: Burns, R.G., Dick, R.P. (Eds.), Enzymes in


http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0005
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0005
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0005
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0005
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0005
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0005
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0005
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0005
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0005
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0005
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0005
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0005
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0005
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0005
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0005
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0005
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0005
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0005
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0005
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0010
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0010
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0010
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0010
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0010
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0010
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0010
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0010
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0010
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0010
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0010
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0010
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0010
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0010
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0010
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0010
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0010
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0015
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0015
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0015
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0015
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0015
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0015
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0015
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0015
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0015
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0015
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0015
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0015
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0015
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0015
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0015
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0015
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0015
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0015
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0015
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0015
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0020
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0020
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0020
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0020
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0020
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0020
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0020
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0020
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0020
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0020
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0020
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0020
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0020
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0020
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0020
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0020
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0020
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0020
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0020
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0020
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0020
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0020
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0020
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0020
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0020
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0020
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0020
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0025
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0025
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0025
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0025
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0025
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0025
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0025
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0025
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0025
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0025
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0025
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0025
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0025
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0025
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0025
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0025
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0025
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0025
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0025
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0025
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0030
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0030
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0030
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0030
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0030
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0030
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0030
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0030
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0030
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0030
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0030
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0030
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0030
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0030
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0030
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0030
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0030
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0030
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0030
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0030
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0030
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0035
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0035
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0035
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0035
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0035
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0035
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0035
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0035
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0035
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0035
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0035
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0035
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0035
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0035
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0035
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0035
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0040
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0040
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0040
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0040
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0040
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0040
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0040
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0040
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0040
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0040
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0040
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0040
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0040
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0040
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0040
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0040
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0040
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0045
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0045
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0045
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0045
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0045
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0045
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0045
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0045
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0045
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0045
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0045
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0045
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0045
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0045
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0050
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0050
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0050
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0050
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0050
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0050
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0050
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0050
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0050
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0050
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0050
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0050
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0050
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0050
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0050
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0050
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0050
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0050
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0050
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0050
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0050
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0050
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0050
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0050
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0055
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0055
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0055
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0055
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0055
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0055
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0055
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0055
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0055
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0055
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0055
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0055
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0055
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0055
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0055
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0055
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0060
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0060
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0060
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0060
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0060
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0060
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0060
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0060
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0060
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0060
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0060
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0060
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0060
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0060
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0060
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0060
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0060
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0060
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0060
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0060
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0060
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0060
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0070
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0070
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0070
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0070
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0070
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0070
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0070
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0070
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0070
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0070
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0070
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0070
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0070
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0070
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0070
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0070
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0070
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0075
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0075
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0075
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0075
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0075
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0075
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0075
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0075
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0080
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0080
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0080
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0080
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0080
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0080
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0080
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0080
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0080
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0080
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0080
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0080
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0080
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0080
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0080
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0080
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0080
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0080
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0080
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0085
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0085
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0085
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0085
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0085
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0085
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0085
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0085
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0085
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0085
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0085
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0085
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0085
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0085
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0085
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0085
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0085
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0085
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0085
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0085
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0090
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0090
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0090
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0090
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0090
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0090
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0090
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0090
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0090
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0095
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0095
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0095
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0095
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0095
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0095
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0095
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0095
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0095
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0095
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0095
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0095
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0095
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0095
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0095
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0095
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0095
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0095
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0095
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0100
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0100
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0100
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0100
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0100
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0100
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0100
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0100
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0100
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0100
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0100
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0100
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0100
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0100
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0100
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0100
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0100
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0100
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0100
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0105
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0105
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0105
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0105
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0105
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0105
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0105
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0105
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0105
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0105
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0105
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0105
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0105
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0105
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0105
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0105
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0105
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0105
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0105
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0105
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0105
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0105
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0105
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0105
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0105
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0105
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0105
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0105
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0105
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0105
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0105
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0105
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0105
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0105
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0105
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0105
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0105
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0105
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0105
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0105
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0105
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0105
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0105
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0105
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0105
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0105
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0110
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0110
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0110
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0110
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0110
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0110
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0110
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0110
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0110
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0110
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0110
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0110
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0110
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0110
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0110
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0110
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0110
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0110
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0110
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0110
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0110
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0110
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0110
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0110
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0110
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0115
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0115
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0115
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0115
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0115
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0115
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0115
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0120
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0120
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0120
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0120
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0120
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0120
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0120
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0120
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0120
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0120
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0120
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0120
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0120
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0120
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0120
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0120
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0120
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0120
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0120
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0120
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0120
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0120
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0120
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0125
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0125
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0125
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0125
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0125
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0125
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0125
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0125
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0125
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0125
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0125
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0125
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0125
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0125
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0125
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0125
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0125
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0125
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0125
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0125
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0125
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0130
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0130
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0130
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0130
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0130
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0130
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0130
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0130
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0130
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0130
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0130
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0130
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0130
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0130
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0130
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0130
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0130
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0130
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0130
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0130
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0130
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0135
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0135
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0135
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0135
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0135
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0135
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0135
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0135
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0135
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0135
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0135
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0135
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0135
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0135
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0135
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0135
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0135
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0135
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0135
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0135
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0135
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0135
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0135
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0140
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0140
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0140
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0140
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0140
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0140
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0140
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0140
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0140
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0140
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0140
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0140
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0140
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0140
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0140
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0140
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0140
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0140
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0140
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0140
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0140
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0140
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0140
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0140
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0140
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0140
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0140
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0145
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0145
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0145
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0145
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0145
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0145
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0145
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0145
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0145
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0145
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0145
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0145
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0145
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0145
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0145
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0145
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0145
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0150
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0150
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0150
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0150
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0150
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0150
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0150
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0150
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0150
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0150
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0150
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0150
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0150
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0150
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0150
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0150
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0150
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0155
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0155
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0155
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0155
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0155
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0155
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0155
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0155
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0155
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0155
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0155
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0155
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0155
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0155
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0155
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0155
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0160
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0160
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0160
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0160
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0160
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0160
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0160
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0160
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0160
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0160
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0160
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0160
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0160
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0160
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0160
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0160
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0160
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0160
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0160
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0160
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0160
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0160
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0165
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0165
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0165
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0165
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0165
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0165
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0165
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0165
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0165
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0165
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0165
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0165
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0165
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0165
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0165
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0165
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0170
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0170
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0170
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0170
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0170
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0170
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0170
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0170
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0170
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0170
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0170
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0170
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0170
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0170
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0170
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0170
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0170
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0170
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0170
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0170
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0170
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0170
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0170
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0170
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0170
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0170
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0170
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0175
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0175
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0175
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0175
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0175
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0175
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0175
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0175
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0175
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0175
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0175
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0175
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0180
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0180
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0180
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0180
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0180
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0180
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0180
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0180
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0180
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0180
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0180
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0180
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0180
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0180
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0180
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0180
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0180
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0180
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0185
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0185
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0185
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0185
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0185
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0185
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0185
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0185
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0185
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0185
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0185
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0185
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0185
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0185
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0185
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0190
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0190
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0190
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0190
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0190
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0190
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0190
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0190
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0190
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0190
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0190
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0190
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0190
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0190
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0190
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0190
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0190
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0190
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0195
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0195
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0195
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0195
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0195
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0195
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0195
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0195
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0195
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0195
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0195
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0195
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0195
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0195
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0195
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0195
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0195
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0195
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0195
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0195
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0195
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0195
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0195
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0195
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0195
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0195
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0195
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0195
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0195
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0195
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0195
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0195
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0195
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0195
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0195
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0195
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0195
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0195
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0195
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0195
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0195
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0195
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0195
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0195
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0195
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0195
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0195
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0195
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0200
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0200
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0200
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0200
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0200
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0200
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0200
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0200
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0200
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0200
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0200
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0200
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0200
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0200
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0200
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0200
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0200
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0200
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0200
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0200
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0200
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0200
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0200
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0205
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0205
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0205
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0205
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0205
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0205
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0205
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0205
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0205
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0205
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0210
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0210
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0210
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0210
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0210
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0210
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0210
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0210
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0210
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0210
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0210
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0210
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0210
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0210
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0210
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0210
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0210
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0210
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0210
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0210
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0210
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0215
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0215
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0215
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0215
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0215
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0215
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0215
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0215
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0215
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0215
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0215
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0215
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0215
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0215
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0215
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0215
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0215
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0215
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0215
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0215
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0215
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0215
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0215
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0215
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0215
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0215
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0215
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0215
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0215
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0215
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0220
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0220
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0220
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0220
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0220
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0220
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0220
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0220
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0220
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0220
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0220
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0220
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0220
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0220
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0220
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0220
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0220
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0225
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0225
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0225
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0225
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0225
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0225
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0225
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0225
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0225
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0225
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0225
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0225
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0225
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0225
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0225
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0225
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0225
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0225
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0225
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0225
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0225
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0225
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0225
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0225
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0225
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0225
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0225
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0225
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0225
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0225
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0225
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0225
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0230
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0230
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0230
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0230
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0230
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0230
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0230
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0230
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0230
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0230
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0230
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0230
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0230
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0230
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0230
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0230
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0230
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0230
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0230
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0230
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0230
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0230
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0230
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0230
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0230
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0230
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0230
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0230
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0230
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0230
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0235
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0235
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0235
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0235
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0235
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0235
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0235
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0235
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0235
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0235
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0235
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0235
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0235
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0235
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0235
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0235
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0235
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0235
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0235
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0235
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0235
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0240
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0240
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0240
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0240
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0240
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0240
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0240
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0240
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0240
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0240
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0240
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0240
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0240
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0240
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0240
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0240
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0240
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0240
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0240
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0240
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0240
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0240
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0240
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0240
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0240
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0245
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0245
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0245
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0245
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0245
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0245
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0245
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0245
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0245
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0245
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0245
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0245
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0245
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0245
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0245
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0245
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0245

20 S. Mukhopadhyay et al. / Ecological Engineering 71 (2014) 10-20

the Environment: Activity, Ecology and Applications. Marcel Dekker, New York,
NY, pp. 1-33.

Nelson, D.W., Sommers, L.E., 1996. Total carbon, organic carbon, and organic matter.
In: Sparks, D.L., et al. (Eds.), Methods of soil analysis. Part 3, Chemical Methods.
3rd ed. SSSA Book Series 5, ASA and SSSA, Madison, WI, pp. 961-1010.

Rajan, K., Natarajan, A., Anil Kumar, K.S., Badrinath, M.S., Gowda, R.C., 2010. Soil
organic carbon—the most reliable indicator for monitoring land degradation by
soil erosion. Curr. Sci. 99 (6), 823-827.

Rochette, P., Flanagan, L.B., Gregorich, E.G., 1999. Separating soil respiration into
plantand soil components using analyses of the natural abundance of carbon-13.
Soil Sci. Soc. Am. J. 63, 1207-1213.

Rodrigue, J.A., Burger, J.A., 2004. Forest soil productivity of mined land in the mid-
western and eastern coalfield regions. Soil Sci. Soc. Am. . 68 (3), 833-844, doi:
10.2136/sssaj2004.8330.

Ross, D.J., Hart, P.B.S., Sparling, G.P., August, A., 1990. Soil restoration under pas-
ture after topsoil removal: some factors influencing C and N mineralization and
measurements of microbial biomass. Plant Soil 127, 49-59.

Rossi, J.P., Franc, A., Rousseau, G.X., 2009. Indicating soil quality and the GISQ. Soil
Biol. Biochem. 41 (2), 444-445.

Ruzek, L., VofiSek, K., Sixta, J., 2001. Microbial biomass-C in reclaimed soil of the
Rhineland (Germany) and the north Bohemian lignite mining areas (Czech
Republic): measured and predicted values. Restor. Ecol. 9, 370-377.

Schafer, W.M,, Nielsen, G.A., Nettleton, W.D., 1980. Minesoil genesis and morphology
in a spoil chronosequence in Montana. Soil Sci. Soc. Am. . 44, 802-807.

Schwenke, G.D., Ayre, L., Mulligan, D.R., Bell, L.C., 2000. Soil stripping and replace-
ment for the rehabilitation of bauxite-mined land at Weipa II. Soil organic matter
dynamics in mine soil chronosequences. Aust. J. Soil Res. 38, 371-393.

Sencindiver, ].C., Ammons, J.T., 2000. Minesoil genesis and classification. In: Barn-
hisel, RI, Darmody, R.G., Daniels, W.L. (Eds.), Reclamation of Drastically
Disturbed Lands, Agronomy Series No.41. American Society of Agronomy, Madi-
son, WI, Ch. 23.

Shrestha, R.K,, Lal,R.,2010. Carbon and nitrogen pools in reclaimed land under forest
and pasture ecosystems in Ohio, USA. Geoderma 157, 196-205.

Shrestha, R.K,, Lal, R,, 2011. Changes in physical and chemical properties of soil after
surface mining and reclamation. Geoderma 161, 168-176.

Singh, A.N., Raghubanshi, A.S., Singh, ].S., 2004. Impact of native tree planta-
tions on mine spoil in a dry tropical environment. For. Ecol. Manage. 187,
49-60.

Singh, ].S., Raghubanshi, A.S., Singh, R.S., Srivastava, S.C., 1989. Microbial biomass
acts as a source of plant nutrients in dry tropical forest and Savanna. Nature
338, 499-500, doi: 10.1038/338499a0.

Sinha, S., Masto, R.E., Ram, L.C,, Selvi, V.A,, Srivastava, N.K,, Tripathi, R.C., George, ].,
2009. Rhizosphere soil microbial index of tree species in a coal mining ecosys-
tem. Soil Biol. Biochem. 41, 1824-1832.

Sobek, A.A., Schuller, W.A,, Freeman, J.R,, Smith, RM., 1978. Field and Laboratory
Methods Applicable to Overburden and Minesoils, USEPA Rep. 600/2-78-054.
U.S. Gov. Print. Office, Washington, DC.

Sourkova, M., Frouz, J., Fettweis, U., Bens, O., Huttl, RF., Santrtickov4, H., 2005. Soil
development and properties of microbial biomass succession in reclaimed post
mining sites near Sokolov (Czech Republic) and near Cottbus (Germany). Geo-
derma 129, 73-80.

Subbiah, B.V., Asija, G.L., 1956. A rapid procedure for the determination of available
nitrogen in soils. Curr. Sci. 25, 259-260.

Thomas, G.W., 1982. Exchangeable cations. In: Page, A.L, et al. (Eds.), Methods of
Soil Analysis. Part 2. Second Edition, Agron. Monogr. No. 9. SSSA, Madison, WI,
pp. 159-165.

Thomas, G.W., 1996. Soil pH and soil acidity. In: Sparks, D.L., et al. (Eds.), Methods
of Soil Analysis, Part 3. Chemical methods, SSSA Book Series No. 5. SSSA-ASA,
Madison, WI, pp. 475-490.

Thomas, K.A,, Sencindiver, J.C., Skousen, J.G., Gorman, ].M., 2000. Soil horizon devel-
opment on a mountain surface mine in Southern West Virginca. Green Lands
30, 41-52.

Torbert, J.L., Tuladhar, A.R., Burger, J.A., Bell, J.C., 1988. Minesoil property effects on
the height of ten-year-old white pine. J. Environ. Qual. 17, 189-192.

Trasar-Cepeda, C., Leirés, C., Gil-Sotres, F., Seoane, S., 1998. Towards a biochemical
quality index for soils: an expression relating several biological and biochemical
properties. Biol. Fertil. Soils 26, 100-106.

Vance, E.D., Brookes, P.C., Jenkinson, D.S., 1987. An extraction method for measuring
soil microbial biomass C. Soil Biol. Biochem. 19, 703-707.

Velasquez, E., Lavelle, P., Andrade, M., 2007. GISQ, a multifunctional indicator of soil
quality. Soil Biol. Biochem. 39 (12), 3066-3080.

Wander, M.M., Bollero, G.A., 1999. Soil quality assessment of tillage impacts in
Illinois. Soil Sci. Soc. Am. ]. 63, 961-971.

Watanabe, F.S., Olsen, S.R., 1965. Test of ascorbic acid method for determining phos-
phorus in water and sodium bicarbonate extracts of soil. Soil Sci. Soc. Am. Proc.
29, 677-678.

Wiseman, P.E., Seiler, ].S., 2004. Soil CO,, efflux across four age classes of plantation
loblolly pine (Pinus taeda L.) on the Virginia Piedmont. For. Ecol. Manage. 192,
297-311.

Zhao, Z., Shahrour, I, Bai, Z., Fan, W., Feng, L., Li, H., 2013. Soils development in
opencast coal mine spoils reclaimed for 1-13 years in the West-Northern Loess
Plateau of China. Eur. J. Soil Biol. 55, 40-46.


http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0245
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0245
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0245
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0245
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0245
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0245
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0245
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0245
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0245
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0245
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0245
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0245
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0245
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0245
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0245
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0250
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0250
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0250
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0250
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0250
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0250
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0250
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0250
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0250
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0250
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0250
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0250
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0250
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0250
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0250
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0250
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0250
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0250
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0250
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0250
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0250
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0250
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0250
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0250
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0250
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0250
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0250
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0250
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0250
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0250
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0250
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0250
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0250
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0250
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0250
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0250
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0255
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0255
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0255
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0255
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0255
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0255
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0255
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0255
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0255
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0255
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0255
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0255
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0255
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0255
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0255
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0255
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0255
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0255
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0255
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0255
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0255
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0255
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0260
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0260
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0260
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0260
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0260
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0260
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0260
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0260
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0260
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0260
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0260
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0260
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0260
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0260
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0260
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0260
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0260
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0260
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0260
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0260
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0260
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0260
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0260
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0260
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0260
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0265
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0265
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0265
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0265
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0265
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0265
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0265
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0265
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0265
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0265
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0265
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0265
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0265
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0265
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0265
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0265
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0265
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0265
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0265
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0265
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0265
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0265
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0265
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0265
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0265
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0265
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0270
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0270
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0270
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0270
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0270
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0270
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0270
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0270
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0270
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0270
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0270
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0270
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0270
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0270
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0270
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0270
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0270
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0270
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0270
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0270
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0270
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0270
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0270
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0270
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0270
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0270
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0275
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0275
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0275
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0275
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0275
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0275
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0275
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0275
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0275
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0275
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0275
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0275
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0275
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0275
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0280
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0280
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0280
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0280
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0280
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0280
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0280
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0280
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0280
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0280
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0280
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0280
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0280
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0280
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0280
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0280
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0280
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0280
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0280
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0280
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0280
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0280
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0280
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0280
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0280
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0280
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0280
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0280
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0285
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0285
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0285
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0285
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0285
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0285
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0285
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0285
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0285
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0285
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0285
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0285
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0285
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0285
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0285
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0285
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0285
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0285
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0285
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0290
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0290
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0290
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0290
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0290
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0290
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0290
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0290
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0290
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0290
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0290
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0290
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0290
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0290
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0290
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0290
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0290
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0290
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0290
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0290
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0290
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0290
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0290
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0290
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0290
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0290
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0290
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0290
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0290
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0290
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0295
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0295
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0295
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0295
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0295
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0295
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0295
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0295
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0295
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0295
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0295
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0295
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0295
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0295
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0295
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0295
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0295
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0295
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0295
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0295
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0295
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0295
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0295
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0295
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0295
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0295
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0295
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0295
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0295
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0295
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0295
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0300
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0300
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0300
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0300
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0300
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0300
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0300
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0300
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0300
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0300
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0300
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0300
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0300
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0300
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0300
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0300
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0300
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0300
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0300
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0300
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0305
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0305
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0305
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0305
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0305
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0305
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0305
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0305
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0305
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0305
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0305
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0305
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0305
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0305
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0305
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0305
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0305
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0305
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0310
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0310
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0310
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0310
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0310
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0310
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0310
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0310
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0310
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0310
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0310
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0310
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0310
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0310
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0310
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0310
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0310
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0310
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0310
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0310
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0310
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0315
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0315
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0315
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0315
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0315
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0315
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0315
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0315
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0315
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0315
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0315
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0315
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0315
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0315
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0315
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0315
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0315
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0315
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0315
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0315
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0315
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0315
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0320
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0320
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0320
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0320
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0320
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0320
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0320
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0320
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0320
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0320
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0320
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0320
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0320
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0320
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0320
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0320
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0320
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0320
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0320
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0320
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0325
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0325
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0325
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0325
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0325
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0325
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0325
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0325
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0325
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0325
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0325
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0325
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0325
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0325
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0325
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0325
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0325
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0325
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0330
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0330
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0330
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0330
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0330
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0330
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0330
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0330
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0330
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0330
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0330
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0330
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0330
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0330
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0330
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0330
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0330
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0330
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0330
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0330
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0330
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0330
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0330
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0330
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0330
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0330
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0330
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0335
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0335
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0335
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0335
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0335
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0335
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0335
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0335
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0335
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0335
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0335
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0335
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0335
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0335
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0335
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0335
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0335
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0340
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0340
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0340
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0340
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0340
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0340
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0340
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0340
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0340
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0340
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0340
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0340
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0340
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0340
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0340
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0340
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0340
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0340
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0340
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0340
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0340
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0340
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0340
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0340
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0340
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0340
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0340
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0345
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0345
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0345
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0345
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0345
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0345
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0345
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0345
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0345
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0345
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0345
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0345
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0345
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0345
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0345
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0345
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0345
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0345
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0345
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0345
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0345
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0345
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0345
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0345
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0345
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0345
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0345
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0345
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0345
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0345
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0345
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0345
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0345
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0350
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0350
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0350
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0350
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0350
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0350
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0350
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0350
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0350
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0350
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0350
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0350
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0350
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0350
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0350
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0350
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0350
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0350
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0350
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0355
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0355
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0355
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0355
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0355
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0355
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0355
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0355
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0355
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0355
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0355
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0355
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0355
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0355
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0355
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0355
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0355
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0360
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0360
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0360
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0360
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0360
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0360
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0360
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0360
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0360
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0360
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0360
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0360
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0360
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0360
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0360
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0360
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0360
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0360
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0360
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0360
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0360
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0360
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0365
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0365
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0365
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0365
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0365
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0365
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0365
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0365
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0365
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0365
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0365
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0365
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0365
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0365
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0365
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0365
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0370
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0370
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0370
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0370
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0370
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0370
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0370
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0370
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0370
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0370
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0370
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0370
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0370
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0370
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0370
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0375
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0375
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0375
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0375
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0375
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0375
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0375
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0375
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0375
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0375
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0375
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0375
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0375
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0375
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0375
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0375
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0375
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0380
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0380
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0380
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0380
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0380
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0380
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0380
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0380
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0380
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0380
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0380
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0380
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0380
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0380
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0380
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0380
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0380
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0380
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0380
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0380
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0380
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0380
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0380
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0380
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0380
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0380
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0385
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0385
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0385
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0385
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0385
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0385
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0385
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0385
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0385
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0385
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0385
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0385
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0385
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0385
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0385
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0385
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0385
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0385
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0385
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0385
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0385
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0385
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0385
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0385
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0385
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0385
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0385
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0390
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0390
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0390
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0390
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0390
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0390
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0390
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0390
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0390
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0390
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0390
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0390
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0390
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0390
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0390
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0390
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0390
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0390
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0390
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0390
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0390
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0390
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0390
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0390
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0390
http://refhub.elsevier.com/S0925-8574(14)00291-2/sbref0390

	Development of mine soil quality index (MSQI) for evaluation of reclamation success: A chronosequence study
	1 Introduction
	2 Materials and methods
	2.1 Study area
	2.2 Vegetation
	2.3 Collection and analyzes of mine soil samples
	2.4 Mine soil quality index (MSQI)
	2.5 Statistical analysis

	3 Results and discussion
	3.1 Soil physico-chemical characteristics
	3.2 Soil biological parameters
	3.2.1 Soil dehydrogenase activity

	3.3 Soil microbial biomass carbon
	3.4 Soil respiration (in situ soil CO2 flux)
	3.5 Mine soil quality index (MSQI) based on principal component analysis

	4 Conclusion
	Acknowledgements
	References




