[JDMLM] Submission Acknowledgement

From: Editorial Team (editorjdmim@ub.ac.id)
To: mulyadi_srm@yahoo.com

Date: Friday, August 19, 2022 at 09:29 AM GMT+8

Mr. Mulyadi Mulyadi:

Thank you for submitting the manuscript, "MORPHOLOGICAL CHARACTERISTICS OF
TOP SOILING IN THE RECLAMATION AREAS OF POST-COAL MINING AT KUTAI
KARTANEGARA AND KUTAI TIMUR REGENCY" to Journal of Degraded and Mining Lands
Management. With the online journal management system that we are using, you

will be able to track its progress through the editorial process by logging

in to the journal web site:

Manuscript URL:
https://jdmim.ub.ac.id/index.php/jdmim/author/submission/1343
Username: mulyadi_unmul

If you have any questions, please contact us. Thank you for considering this
journal as a venue for your work.

Editorial Team
Journal of Degraded and Mining Lands Management

http://idmim.ub.ac.id



Re: [J[DMLM] Single Author

From: Mulyadi Mulyadi (mulyadi_srm@yahoo.com)
To:  editorjdmim@ub.ac.id
Date: Saturday, August 20, 2022 at 08:33 AM GMT+8

Full Paper Mulyadi

On Saturday, August 20, 2022 at 08:14:02 AM GMT+8, Mulyadi Mulyadi <mulyadi_srm@yahoo.com> wrote:

On Friday, August 19, 2022 at 06:57:22 PM GMT+8, Editorial Team <editor.jdmim@ub.ac.id> wrote:

Dear Dr Mulyadi,

We have received the submission of a manuscript entitled MORPHOLOGICAL
CHARACTERISTICS OF TOP SOILING IN THE RECLAMATION AREAS OF POST-COAL MINING
AT KUTAI KARTANEGARA AND KUTAI TIMUR REGENCY. However, we found that only

one author wrote the manuscript. Please add at least one more author as this

journal no longer accepts single-author manuscripts.

JDMLM Editorial Team

hitp://[dmlm.ub.ac.id

@ Paper MORFOLOGI-Final Native Cheked - Copy.docx
601.9kB



Re: [JDMLM] Reviewer Comments

From: Mulyadi Mulyadi (mulyadi_srm@yahoo.com)
To:  editorjdmim@ub.ac.id
Date: Friday, September 23, 2022 at 11:54 AM GMT+8

On Sunday, September 18, 2022 at 08:01:24 AM GMT+8, Editorial Team <editor.jdmim@ub.ac.id> wrote:

Dr. Mulyadi:

Your manuscript entitled “Morphological characteristics of top soiling in

the reclamation areas of post-coal mining at Kutai Kartanegara and Kutai

Timur Regency ". has been reviewed by the Journal of Degraded and Mining
Lands Management reviewers. Based on the reviewer comments (attached), your
manuscript needs REVISIONS.

You may revise your manuscript accordingly, and send the revised version
back to us through this email address (editor.jdmim@ub.ac.id).

All the best

Prof Eko Handayanto PhD

Editor in Chief

https://lwww.scopus.com/sourceid/21100979353
https://www.scimagojr.com/journalsearch.php?q=21100979353&tip=sid&exact=no
https://sinta.kemdikbud.go.id/journals/detail 2id=920

hitp://jdmim.ub.ac.id

l 7 1343, MULYADI (reviewed-2).docx
= 1.3MB



Research Article

This manuscript needs revisions

e The methods are trivial and

{00 short;please expand the methods a bit more detail to make this

<

manuscript not just a part of a research article

s Some figures (maps) are blurry,

e Some references need replacement and rechecking

Morphological characteristics of top soiling in the reclamation areas of

post-coal mining at Kutai

lﬁ
1 Mulyadi dan Makhrawie" other-authors?

Kartanegara and Kutai Timur Regency

'Faculty of Agriculture, Mulawarman University, Gedung C-8 Fakultas PertanianJalan Pasir BalengkongKampus Gunung

Kelua Samarinda Kalimantan Timur, Indonesia

*corresponding author: mulyadi_srm@yahoo.com

Abstract

Article history:

Received Day Month 20xx
Accepted Day Month 20xx
Published Day Month 20xx

Keywords:

Morphological Characteristics
Post-Coal Mining
Reclamation Areas

| Top Soiling

This study aimed to obtain information about the impact of different
morphological characteristics and genesis at some reclamation sites
after coal-mining activities. Two coal sites were chosen as study areas,
i.e. the Separi site which is located in Kutai Kartanegara regency and
the Bengalon site located in Kutai Timur Regency. A descriptive
research method was used to identify the morphological characteristics
of reclamation sites at different times (chronosequence). The results
show that in-situ weathering indicated by soil leaching was the cause
of rainwater infiltration, leading to the development of an Ah horizon
more than two years after reclamation activity, the moving materials
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and dumping (cut, fill, transporting andlevelshing) process of coal-

mining operations tends to accelerate the decomposition of soil parent
material and promote the formation of a pre-cambic horizon; soil used
(A, B, andC horizons) for the top-soiling of reclamation sites was
originally Typic Hapludults and Typic Dystropepts soil materials,
though Tropaquent and sandy parent materials were also used. Due to
the impermeable layers of overburdening where water channels in the
soil profile and deeper layers have not yet formed as human-made soil
and landscape (artificial) cause rainwater to fail to infiltrate deeper
layers so that with less heavy rain the groundwater level will rise to the
surface and the land will become waterlogged/flooded.

To cite this article: Author, F., Author,S.

and Author, T. 2022. Paper title; the title should be a brief phrase describing the

contents of the paper. Journal of Degraded and Mining Lands Management9(0):0000-0000,doi:10.15243/jdmIm.

2022.000.0000.

Introduction

Almost all coal-mining activities in East Kalimantan use an open-pit mining system. The process starts with land
clearing, removing the surface layer of topsoil and subsoils, moving the overburden, and extracting the coal
(Noviyanto et al., 2017). In general, an open-mine process involves forest-logging, eroding soil layers
(Zulkarnain et al., 2014), the formation of sinkholes (dredging), and backfilling, and that process can cause
severe environmental damage, which ultimately harms the fertility of the soil as the natural medium for plant

growth (Sopialena et al., 2017).

The natural landscape has been disturbed and damaged, along with the destruction of biodiversity within
ecosystems through the removal of natural soils, plants, animals, microbes, efc. (Hapsari et al., 2020). The
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damage caused by activity such as digging and transporting stripped materials spreads to the dumping area,
either a former mine (in a pit) or steep valleys (external pit) to form a planned topography and elevation
(landscape). The bedrock (overburden materials) located above the coal seam is removed using heavy equipment
(excavators) to be used as overburden material.

The placement of overburden materials according to their geochemical characteristics is one of the most
important activities in this landscaping process (Pratiwi et al., 2021). Using topsoil and subsoil or changing the
position of parent materials and bedrock on the surface on a large scale has an impact on the deterioration of soil
quality (Khaidir et al., 2019), and overburden materials are structureless, with high bulk density, due to the
movement of heavy machinery that obtains, contains and elevates the concentration of trace metals (Pratiwi et
al., 2021); their characteristics hamper water circulation, limiting their capability to support the growth of plant
roots. The body of reclamation soil in parent materials and bedrock, which differs between layers, has fluctuating
properties based on the age of reclamation (Khaidir et al., 2019).

The rate of land degradation can be measured through the morphological characteristics of the soil and

landscape (Aji et al., 2020). AdityaHeidad et al. (2020) stated that information on soil characteristics and { comment [ME3]: Aditya ]
morphological properties can be determined by observing soil profiles. A soil profile is a historic record of all
the soil-forming factors and processes which form a snapshot of soil development.

The study eims—pimedto identify the effect of soil layering of the disposal arca over time on soil . comment [ME4]: aimed -

morphology and its characteristics according to land reclamation. The results of this study serve as basic
information for the optimal use of revegetation as a conservation strategy and for rehabilitation. The restricted
result recommendation is to conduct an anticipation program given the dangers of the impact that occurs as a
result of erosion and sedimentation on water quality and soil (Nasrudin, 2021), such as a study of soil
morphological characteristics.

Materials and Methods—> the methods are trivial, too short. Methods presented do not represent

research methods; they are just soil sampling procedures and soil sample analyses

Soil research was carried out on reclamation areas ofpost-coal mining with different ages, of reclaimed plants (<
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Figure 2. Research location of Bengalon Site showing the geology of coal mining
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The development (profile) of the soil is based on the presence of a soil horizon (horizontal differentiation),«

physical and chemical composition ranging from the upper soil layer, the lower soil laver to the parent material
layer or OB layer. development of colour, soil structure and consistency, effective soil depth and groundwater

depth or soil drainage class.
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Results and Discussion

Coal-mining is carried out using an open-pit mining system that involves dredging the topsoil and subsoil, then
coal material is taken. Biophysical damage sightings on ex-coal mine land in two sites (Separi and Bengalon) of
two_regencies distriets in East Kalimantan Province as a result of coal-mining land-clearing activities.-and

Soil Morphological Characteristics of Land Reclamation Area (Separi Site)

Morphological characteristics at < 2 years

The slope class of the land reclamation area < 2 years after planting is classified as wavy, which is between 5—
7% and 6-10% with soil colour from yellowish-brown or [erssgrey-brown to gray-lore
massive structure. Soil generally comes from parent material of a mudstone/shale type
the parent material are still commonly found in the soil profile in the form of gray-oreymudstone fragments.

Genetic characteristics such as colour} texture, and the soil structure identified are pédogenetic properties of the

original soil from where the soil is taken, especially in B and C soil horizons. The layers of horizons found in the

soil profile are generally A~C, BC-C, A-BC, and A—~OB-BC. The weathering process of ex-mine land in this
area is mainly physical and biological. A mechanical process causes the disintegration of consolidated massive
rock into similar pieces and is a change brought about by living agents,. which are mainly controlled by the
prevailing environment and are responsible for both physical and chemical changes (Boul et-Al. 2011). The
characteristics of soil horizons show that the parent material layer is very dominant in the soil, even up to the soil
surface. The OB layer in subplot IT UIK1 dominates from the surface layer to a thickness of 100 c¢m, and in
subplot 11T U1K1 after the A horizon, it is covered by an OB layer and another soil horizon (BC1 and BC2).
Shale is a sedimentary rock, it is a fine-grained detrital rock, made up of clay and silt-sized particles (Singh and

Chandran, 2015), that forms from the compaction of silt and clay-size mineral particles.commonly called

mudstone.

The soil layer which was taken from the swamp (I U1K1) forms a yellowish-brown to graylorevA—-C layers

with brown mottles of about 30-60% and crackers (Figure. 1 and Figure 2) that formed due to the oxidization of
swamp/wetland soils (Figure. 3 and Figure 4), as represented in the soil profile < 2 years old. Marshland soils
can be identified using soil morphological indicators, such as the accumulation of organic matter, grayed
reyedsoil colours, soil mottling, iron or Mangan scgregations, oxidizing root channels, and soil pore-lining sand

reduction of sulfur and carbon. The OB layer is generally massive and compact/sticky, which is the cause of

water locking so that it cannot be penetrated by water. According to Arisnawan (2015), changes in the water
content of clay shale from air dry to saturated conditions have a significant range of changes in physical,
mechanical, and dynamic parameter values after the clay shale changes. It is suspected that this causes the OB
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| layer to become compact so that an impermeable layer is formed. Soil reaction (pH Hp0) at a depth of < 10 cm, (Formatted: Subscript

10-30 em, and >30 cm soil samples composited at less than 2 years old is classified as acid, with very low to low
organic matter content (< 2 years old) at 0~30 cm soil thickness and low at more than 30 ¢m of soil thickness.
Cation exchange capacity/CEC (¢ mol +) content shown was low (< 2 years old), classed from the surface to

more than 30 cm of soil thickness. In more detail, the morphological characteristics of the land in this
reclamation area can be seen in Table 1.
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Tablel. Morphological characteristics of reclamation area (< 2 years)

Characteristics of Dumping Area Morg hologlc.alCharac Chemical Properties
Slope teristics

Sample %) pil OM CEC { Formatted Table

igi Thick izon eolorColour Structi
Origin Sk fet) Horlzon o e @m0 (%) (meq) < { Formatted: Indent: Left: -0,2 cm,T

UIKI/T  5-7 Insituprocess 3 A 10 YR 6/4  S- blocky ~{ Firstline: 0,02 cm
Swamp clay 3115 C  75YR5/6 S-blocky E;mm Indent: First line: 0,04 ]
OB layer >115 - Mottling  Massive
UIK2/1  5-7 Soil+gravelly 0-30 BCl 10YR7/4 Massive 5.08 0.36 14.45

Soil+gravelly  30-120  BC-C 10 YRS/4 Massive (UIKl)  (UIKI) (UIK1)
OB layer >120 - -

UIK3/1 57  BC layer 0-25 BCl 10 YR5/4 S-blocky
BC layer 25-135 BC2 10YR7/6 S-blocky
OB layer >135 BC3 - Massive
UIKIAT 7-10 OB layer 0-100 - - -
UIK2/II  6-10 Insitu process 0-6 A 10 YR7/4  S-blocky
BC layer 6-150 BC 10YRG6/6 Massive 5.24 2.54 17.28
OB layer >150 I0YR6/1 Massive (UIK2) (UIK2) (UIK2)
UIK3(I) 5-8 Insituprocess 0-2 - 10 YR5/2  S-blocky

BC layer 2-140 A 10 YR6/6  S-blocky
OB layer >140 BC 10 YR6/1 Massive

UIKI/II  6-10 Insitu process 3/10 - 10 YR6/4  S-blocky
BC/OB layer  3/10-60 A SYRS5/2 Massive



OB layer >60 BC/OB 10 YR6/1 Massive

UIK2/II  5-8 Insitu process 0-9 - 10 YR6/2  S-blocky 5.38 3.01 19.35
BC layer 9-113 A 10YRG6/6 S-blocky (UIK3) (UIK3) (UIK3)
OB layer >113 BC 10YR6/1 Massive

UIK3/II 8-10 Insitu process 0-4 - 10 YR7/3  S-blocky
BC layer 4-70 A 10 YR7/6 S-blocky
OB layer >70 BC 10YRG6/1 Massive

* OM= organic matter, CEC= cation exchange capacity

Reclamation soils (< 2 years) are formed from different soil materials and not arranged sequentially as top<
soil, subsoil, parent material, and bedrock. The different colours (change) from grey to yellowish-red do not
indicate the occurrence of epipedon because wet dry fluctuations in rainfall do not migrate soil particles which

decreases soil materials (Khaiditet al., 2019). Munawar (1999) says the top soil of open-pit coal-mining is very -

heterogenous and has high fill weight, low total pores, low N and P content, high Ca and Mg reserves and a low
soil-microbial population, compared to forest land surrounding it. The application of compost to ex-mineral sand
mine land was unable to improve the soil structure after reclamation has-hadbeen carried out for 2 years
(Schroeder et al., 2010).

Morphological characteristics at 2-5 years )

The slope class at 2-5 years old in the Separi mine land reclamation area is relatively gentle when compared to
<2 years old. Soil colour is from yellowish-brown to brownish yellow, with angular to massive soil structure.
The colour and structure of the soil are properties of the original soil (BC and C horizons). The formation of a
precambic horizon was identified, especially in subplots U2K3 (I) and U2K3 (III). The subsoil in the B, BC, and
C horizons is partially mixed with the parent material, so that in the same soil horizon there is parent material
and soil. The thickness of the top soil is quite thick, around 60 c¢m, but in subplot U2K1 (II) there is no soil layer.
The OB layer is generally massive and only partially soft, with the characteristic of being relatively easy to hoe.
In the upper part of overburden layers, roots can penetrated because of the fractures in the parent rock. A
massive OB layer formed because the water could not penetrate deeper (Fig. 3). Chaubery et al. (2012) show that
the state of C-organic soil on ex-mining reclamation land is influenced by the condition of the vegetation planted
after land reclamation, so that the land-surface condition will be filled with leaf litter from planted vegetation.
Soil formation of soil is influenced by climate, parent materials, vegetation, topography, and time (Buol et al.,
2011)

Figure5.The OB layer is impermeable to water and roots develop
infractures (Groundwater table (impermeable)2—5 years old)
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Table 2. Morphological characteristics of the reclamation area (2-5 years old)

Characteristics of dumping Morphological s " e P
Samole  Slope area Characteristics Chemical Properties = ( Formatted: Right: 0,76 cm )
b % Origin Thieke Horizon  colour Structure PH fi CEC So ( LR etk j
i (cm) — H0) (%) (meq) .f'LFormatted: Indent: Hanging: 0,19 ]
U2K1 2-3 Insitm 5 A 10 YRS5/4  S- blocky “ | Formatted: Indent: Left: -0,18 cm,
O process " | Right: -0,2 cm
BC layer 5-83 BC 10 YR6/6  S- blocky ( Formatted: Right: 0.2 cm ]
OBlayer ~ >83 - . Massive i (Fomama'mle' - B
U(ZII)Q 02  Insitu 423 Ah  10YR33 Sblocky 661 151  12.19
BClayer  4/23-85 BC 10 YRS5/2  S-blocky (U2K1) (U3K1) (U2KI) «--- "'Uormgtted: Indent: Hanging: 0,187
OBlayer  >85 - 10 YR6/1  Massive cm, Right: -0,2 cm
K3 5y  Insita 06 Ah 10YR6A  S-blocky
68} process

BClayer 6-18/120 Bw/BC 10 YR6/6  S-blocky
OB layer >120 - 10 YR 6/1 Massive




|
I

U2K1 e

an 2-5 C layer 0-18 & 10 YR 3/3 Massive
C layer 18-100 C 10YR 4/1 Massive
VK2 s Insita 02 A 10YR53 Sblocky 517 168 1269
(ID process
. SBt(()’ne 241100 BC  10YRSA  S-blocky (U2K2) (USK2) (U2K2) <
OB layer >100 - 10 YR 6/1 Massive
U3 5g  Insitu 0-5 A 5YRS6  S-blocky
D process
BClayer  5-21/60 BC 10 YRS/6  S-blocky
OB layer >60 C 10 YR6/1 Crumb
UKL, 5 Insite 0-5 A 10YR56  S-blocky
a1 process
BClayer 52183  BC 10 YR6/6  S-blocky
%%2 OBlayer  >83 - 10YRG/  Massive 504 145  17.47
Insitu 3 .
02 e 04 Ah  10YR3/3 Sblocky (U2K3) (U3K3) (U2K3)
BClayer  4-23/85 BC 10 YR5/2  S-blocky
Uazllff 02 OBlayer  >83 - 10YR6/  Massive e
Tnitu 06 A 10YR43  crumb
process
BClayer  6-18/120 BwBC 10 YR6/3  S-blocky .
OB layer >120 - 10 YR 6/1 Massive

* OM= organic matter, CEC= cation exchange capacity

Morphological characteristics at > 5 years

The slope classes of land reclamation areas more than 5 years old are relatively flat (0-7%). Most of the Ah layer
forms as a result of mixing organic matter and soil minerals with a-dark brown soil colour. The layers found in
this land reclamation area generally derive from the weathering of the parent material of mudstone and
sandstone, but have pedogenesis at their place of origin (ex situ) with brown to yellow-brown colours and
subangular structures to crumbs. The layers formed in this land reclamation area are Ah-BC-C, A-BC, and Ah—
Bw-BC. The formation of the cambic horizon (IIl U3K2) is a pedogenetic process that occurs as a result of local
processes that may be due to the soil being used as topsoiling, which is soil that has weathered in its original
place (ex situ). The cambic horizon is a horizon formed as a result of physical alteration, transformation,
chemical transfer, or a combination of two or more of these processes (Soil Survey Staff, 2014a).

The thickness of the topsoil is quite thick which due to the weathering of sandstone and mudstone parent<-—--

materials. The soil texture in several subplots tends to be coarse sand with a crumb structure because the soil
material that is spread comes from a weathered sandstone parent material or which has physically changed from
compact to eraeked-crackingdue to mechanical activity (excavated). The formation of the cambic horizon (111
U3K?2) is a pedogenetic process that occurs as a result of local processes that may be due to the soil being used
topsoiling, which is soil that has weathered in its original place (ex situ). The thickness of the top soiling applied
is quite thick, the soil texture in several subplots tends to be coarse sand with a crumb structure. The OB layer is
generally massive and causes a water lock so that it is difficult for water to penetrate this layer, and when it rains,
lateral water movement is more dominant (Fig. 5 and Fig 6). The identified pedogenetic characteristics of the
local process (in situ) are the formation of a thin Ah layer and a cambic horizon. Soil reaction (pH H2o) is acid
to slightly acid, organic matter content is very low, and cation exchange capacity in the upper part (< 10 cm
thick) tends to become moderate (18.20 meq/ 100-gram soil). The morphological characteristics of a reclamation
area more than 5 years old can be seen in Table 3.

Looking at the values of the chemical characteristics, these indicate that the soil has been mixed in a state
of a landfill, and it is poor as a result of washing and reversing the original position that occurred during the
dredging and landfilling process (Kartawisastragnd Gani, 2020). Hartati (2018) states that the ‘high bulk density
facilitates roots penetrating the soil due to the availability of sufficient pores, either macro or micro. All soil's
physical and chemical variables rise to a level suitable for food crops after being reclaimed for 12 years
(Hermawan, 2011).
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Figure7.Top soiling is taken from sandstone OB impeeabléd
layers (Piece of sandstone , uncrushed, > 5 years)
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layers (Groundwater table in sandy material, > 5 years) Right: 3 cm
In the post-coal mining soil reclamation area, the physical characteristics of the reclaiming materials were+-- | Formatted: Indent: First line: 0,75
the limiting factors in the revegetation process. Materials taken from a swamp area cause high soil compaction cm

so that plant roots find it difficult to penetrate the soil, but it is easier to penetrate sandy materials, as shown in
Figure 7 and Figure 8. The results show that the high bulk density in the whole of the researched Separi area was
followed by soil porosity descent. In the < 2 years old soil reclamation area, the soil had the highest bulk density
(1,44 g/cm3), more than 2-5 years old (1.36 g/em3) and more than 5 years old (1.35 g/em3). Bulk density
decreases with the increasing age of land reclamation (Mukhopadhyay et al., 2014). Thomas et al. (20602020)
state that the growth of a root system and the addition of biomass to 15-20 year-old post-coal mining land
reclamation can rebuild soil porosity.



Table 3.Morphological characteristic of a reclamation area (> 5 years old)

Characteristics of dumping Morphololglclal Chemical Properties
Sample Slope area Characteristics .
P % Origin Thicls Horizon colour Structue pH oM CEG
8 (em) = H,0) (%)  (meq)
Insitu «
U3K1/1 0-7 0-7 Ah 10 YR4/1  S- blocky
process
BClayer 7-57/100 BC 10 YR 4/2 Crumb
OB layer  >100 - - Massive
U3K2/1 0-3 Isita 0-7 Ah 10 YR3/3  S-blocky 566 1.10 18.20
process
BC layer 7/25-104  BC 10 YR6/6  S-blocky (U2K1) (U3K1) (U2K1)
OB layer  >104 - 10 YR6/1  Massive
UKL 0  Imsiw 0-5 Ah 10 YR4/!I  crumb
process
BC layer  5-32/100 BC 10 YR 32 crumb
OB layer  >100 - 10 YR6/1  Massive
U3KIIT 02 Insitu 0-3/5 Ah 10 YRS5/3  S-blocky
process
OB layer  3/5-70 BC 10YR6/6  S-blocky
OB layer >70 - 10 YR6/1  Massive
Usk2m o lmil 0-3 A I0YRS5/6 ~ S-blocky 508 075 1611
process ’
BG layer  3-30/66 BC 10 YR6/6  S-blocky (U2K2) (U3K2) (U2K2) <
OB layer >66 - I0YR6/1  Massive
USK3M 02 W g A 10 YR3/3  S-blocky
process 7
BES- 3660 BC  10YRSG  S-blocky
stone
UKL, Insite 00 A 10YRS6  Crumb
I process
BClayer  10-100 BC 10 YR6/3  S-blocky
OB layer >100 - 10 YR6/1  Massive
UsK2(ll 0 msitu 0-5 Ah 10 YR3/3 S-blocky 547 072  14.03
process
BClayer 5-15/140 Bw/BC 10 YR6/2 S-blocky (U2K3) (U3K3) (U2K3) wees
OBlayer  >140 - 10 YR6/1  Massive )
UsK3mI 0 s 0-6 A 10 YR5/6  S-blocky
process
BClayer  6-28/5 BC 10 YR6/6  S-blocky

* OM= organic matter, CEC= cation exchange capacity

Morphological Condition and Reclamation of Bengalon Mining Land-Soil Area

Morphological characteristics of a reclamation area < 2 years old

The slope class of the land reclamation area < 2 years old is quite gentle, namely between 0-2% and 3-5% with
soil colour from yellowish-brown or pale brown to brownish-yellow with an angular to a massive structure that
characterizes pedogenic processes such as oxidation-reduction, transportation, translocation and transformation
of parent material, especially the type of mudstone that occurs in the original soil, and the properties of the
parent material are still found in the soil solum in the form of gray—grey_mudstone fragments in the land
reclamation area. The genetic characteristics such as soil colour, texture, and soil structure that are identified are
the pedogenetic properties of the original soil taken (ex situ), especially in A/B, B, and C soil horizons. The
horizon layers found in the topsoiling are generally O—A/B —C, A/B-BC, A-Bw-BC, and A-BC.

The formation of the O and A horizons located on the surface was caused more by the decomposition of<--

topsoiling material and the organic matter that had not been weathered. The soil-horizon layer shows that the
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parent material layer is quite dominant. The number of fractures produces macropores that help soil-oxygen
circulation and water infiltration, so that roots and living things can develop.

The OB layer is generally massive and compact/sticky, but the presence of crackers results in unidentified
inundation. Probably, a little downshifting process in the lower layers of the soil can cause cracks in and even
damage to the horizon surface (Noviyanto et al., 2020). Soil reaction is very acid, with little organic matter, and
low cation exchange capacity. In more detail, the morphological characteristics of the soil in this land
reclamation area can be seen in Table 4.

Table 4. Morphological charateristics of a reclamation area (<2 years old)
Characteristics of dumping Morpholo‘glc.al Chemical Properties o ""(Formatted: Centered j
Sample Slope area Characteristics T (Fnrmatted Tibte )
%) Origin Thick Horizon colour Structure PH = OM  CEC s
- (cm) - H,0) (%) (meg) G ( Formatted: Right: -0,21 cm 7
UIKI : ; R R " ( Formatted: Indent: Left: -0,2 cm,
(I) 0-2 Litter 1 O J—) -« [Hanging: 0,07 cm
BClayer ~ 1-5/60 AB/BC 10 YR6/2 S-blocky 29 [jormatted: Centered, Indent: Left: ]
OBlayer  >60 - 10 YR6/1 Massive ». | -0,14 cm, Right: -0,31 cm
UIK2 Insitu | Formatted: Centered, None, Right:
o 3-5 — 0-3/10 AB 10 YRS5/6 S-blocky 393 240 981 -0,31 cm, No bullets or numbering,
” p Don't keep with next, Adjust space
BC layer 3/10-55 BC 10 YR7/3 S-blocky UIK1) (UlK1) UIKI) -, between Latin and Asian text, Adjust
OB layer >55 * 10 YR 6/1 Massive R space between Asian text and numbers
U1K3 Insitu Formatted: Indent: Left: -0,43 cm,
@ D ey FH6 BB 10YR6/6  S-blocky g [First line: 0,12 cm, Right: -0,19 cm ]
BClayer  3/6-55 BC 10 YR7/6  S-blocky {Formatted: Indent: Left: -0,18 cm, ]
OBlayer  >55 - 10 YR6/1  S-blocky LR'Q““ Seon .
z | Formatted: Indent: Left: -0,25 cm
UIKL 5,  Insim 02 A 10 YR5/6  S-blocky
(1D process
BC layer 2-9/94  Bw/BC 10 YR6/6 Massive
OBlayer — >94 . 10YR76/1  S-blocky « - { Formatted: Indent: Left: -0,08cm |
UIK2 5y Insitu 024 A I0YRS/6 Sblocky 359 232 10.10
(1) process
BC layer 2/4-55 BC 10 YR6/3  S-blocky (U1K2) (U 1K2) (U1K2) . -ﬁ-matted: Indent: Left: -0,2 cm,
OBlayer  >55 - 10 YR6/1 Massive ~. | Right: -0,14 cm
; IF tted: Centered, Indent: Left:
gll)m 44684 g;f)‘ctgss 02/9  AB 10 YRS/6  S-blocky i [JE’??m Right: -0.45 cm W
BClayer ~ 2/9-90 BC 10 YR6/6  S-blocky ( Formatted: Right: -0,25 cm )
OB layer >90 - 10 YR6/1  Massive
UIKl1 Insitu
P 44684 p?ocess 0-2 A 10 YR6/6  S-blocky < { Formatted: Right: -0,25 cm )
LCOB - aa4 me SYR6/6  S-blocky
ayer
OB layer >44 B- 10 YR6/1 Massive
31111)(2 44684 gl‘zlctgss 0-2/4 A 10 YR6/6 S-blocky 362 273  9.92 <~ ( Formatted: Right: -0,25 cm )
BC layer 2/4-90  BC 10 YR7/3 S-blocky (U1K3) (U1K3) (U1K3) i [Formatted: Indent: Left: -0,18 cm, )
OBlayer >%0 - 10 YR6/1 Massive . A0t 0,13 om
U1K3 Insitu Formatted: Centered, Indent: Left:
e 44684 prfmss 02/10 A 10 YR6/6  S-blocky . (-0,23 cm, Right: -0,19 cm }
| BClayer  2/10-94 BC 10 YR7/2  S-blocky ( Formatted: Right: -0,25 cm )
| OBlayer  >94 - 10 YR6/1 Massive

' * OM= organic matter, CEC= cation exchange capacity
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| Figure 10.Representation of the soil profile (2 - 5 years) - [Formatted: Left, Indent: First line: ]
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Morphological characteristics of reclamation area > 2-5 years old

The slope classes between 2-5 years old at the reclamation area of the KPC mine are quite gentle, namely 0.2%
{ to 5-8%. The colour of the soil is from brownish yellow to brown, it is angular stocky to massive, and crumbly,

which indicates that the soil has undergone a decomposition process so that a B cambic layer has formed. The

formation of Ah and Bw horizons is caused by the contribution of organic matter on the soil surface, and a
| pedogenesis process in the original soil. The subsoil in the B, BC, and C horizons is partially mixed with the



parent material. The thickness of the top soiling is quite thick, namely> 41 cm to 110 ¢m, and in some parts of
the soil there are fractures in the Bw and BC layers. The OB layer is generally mudstone and massive, the
presence of fractures in the layer above helps the decomposition process due to the presence of water and air.

The massive B layer with cracking and topsoil processes can be seen in Figure 11 and Figure 12. Soil reaction is
very acid, with low to very low organic matter content, and very low cation exchange capacity. Most of the soil
used for topsoil in this area was originally taken from the forest area. Ultisols mostly form in warm humid
climates under forest vegetation (Soil Survey Staff, 2013), between the surface horizon and the lower soil is a
leaching zone that is lighter in colour (Soil Survey Staff, 2013; 2014b). Ultisols have limited water retention,
firm consistency and slow to good permeability (Fandicha, 201 1).

Ultisols showed acid to very acid reaction _had a low content of organic matter and low base saturation.
Soils_generally exhibited a net negative charge, and the point of zero charges was reached at pH 3.6. Both
potential and available phosphates were low, and there was a trend that amorphous aluminium was responsible
for phosphate fixation. The low content of exchangeable potassium in topsoil and subsoil indicated a positive
correlation with potential potassium. Clay mineral was composed chiefly of kaolinite. with small amounts of
illite. vermiculite, and quartz (Prasetyo et al.. 2016). Hlsels rally-hav o1 } idth-s oA

A : ” xchange-capacity—(Ca,-Me.K.Na)-of status;-but-high-status-of Al
content-(Radjit-et-al—20143-The most common clay mineral found in Ultisols is Kaolinite (Buol et al., 2011),
and its fraction is dominated by low-activity clays such as kaolinite, halosite-hallovsiteand iron and Al oxides; it
has a low negative charge and a point_of zero charges-peint (PZCRZC), high or close to the actual pH

(Hermawan,et-al-: 2011).
“771 Formatted: Indent: First line: 0,75
Morphological characteristic of reclamation area > 5 years old cm

The slope class of the land reclamation area is more than 5 years old, ranging from flat (0-2%) to 3-5%. The
layers found in this land reclamation area generally derive from weathering of the parent material of mudstone
and sandstone, but they have undergone pedogenesis at their place of origin with brown to yellow colours and
angular to massive soil structures. The properties of the parent material are identified in the solum of the soil
profile of land reclamation areas in the form of coarse fragments or other physical forms. The soil layers formed
in this land reclamation area are Ah-BC-C, Ah-Bw-BC, Ah-Bw-BC, and A -BC.

The cambic horizon is quite dominant in subplots U3K (1), U3K3 (I), UV3K1 (I, U3K2)II) and U3K1<-{ Formatted: Indent: First line: 0,75
(II), formed due to local processes that may occur due to the topsoiling having weathered in its original place. cm
The topsoiling is quite thick, due to the weathering of the parent material of mudstone and sandstone. The OB
layer is generally massive and causes water lock, but the presence of fractures in the Bw—-BC layer can reduce
the risk of inundation in the event of rain. The identified pedogenetic characteristics of the local process (in situ)
are the formation of thin O and Ah layers and a cambic horizon. Chemical characteristics tend to increase
organic matter content in the upper part (< 10 ¢cm thick) eompares-comparedto areas < 5 years old (3.21 %). The
morphological characteristics of the reclamation area > 5 years old can be seen in Table 6. The morphological
characteristics of soil under forests are different from reclamation soils at all sites.

The lower silt fraction and organic matter content of reclamation soils are less fertile compared to forest
soils. Silt and the organic matter content of soil are vital to nutrient availability, as well as for improved soil
aeration and structure. Furthermore, the higher clay content of reclamation soils may predispose it to high
compaction, poor aeration, and poor penetration of plant roots (Bzekoligtal, 2020). "&ormatted: Font color: Auto ]

Table 5.Morphological characteristics of a reclamation area (25 years old)

, . o " . Morphological . .
Samole Slope Characteristics of dumping area Characleristics Chemical Properties _ s
p % Orisi Thick Hori Col g pH OM CEC oy (Formatted Table ]
B (cm) TR Nl truptre H0) (%) (meq) . tormatted: Centered, Indent: Left: ]
: “ 10,14 em
Insitu s Seee
U2K1 () 0-2 process 3 Ah 10 YR4/2  S-blocky [Formatted: Right: -0,18 cm j
BClayer 3-11/104 Bw/BC 10 YR6/6  S-blocky ( Formatted: indent: Left: -0,13cm |
OB layer >104 - 10 YR6/1  Massive
Insi .
U2K2 ()  0-2 p‘;j)‘;:ss 0-2 Ah I0YRS/2  S-blocky 390 264 1096 <+ (Formatted: Indent: Left: -0,19cm )
BClayer 2-13/85  Bw/BC 10YR6/6  S-blocky (U2KI) (U3K1) (U2K1) < -~tormatted: Indent: Left: -0,18 cm, ]
OB layer >85 - 10 YR6/1  Massive Right: -0,19 cm
Insitu Formatted: Indent: Left: -0,19 cm,
U2K3 (D 0-2 s 0-2 Ah 10 YR3/3  crumb Right: -0,18 cm

BClayer 12-2/60 Bw/BC 10 YR6/6  S-blocky
OB layer >60 - 10 YR6/1  Massive




U2K1 2.5 Insitu 0-2 A 10YR3/3 - blocky Wy &ormatted Table j
(I1) process

BClayer  2-1360 Bw/BC 10 YR5/4  S-blocky
UKZ gy Imsitw A I0YR3/3 Crumb 403 162 885
an process
BClayer  2-13/58  Bw/BC 10 YR6/6 S-blocky (U2K2) (U3K2) (U2K2) < 'trmatted: Indent: Left: -0,18 cm,j
OB layer >58 - 10 YR6/1  Massive -, LRight: -0,19 cm
U2K3 Insitu . ) [ Ff)rm.atted: Indent: Left: -0,18 cm, 7
an 5-8 process 0-2 A SYRS/2 S-blocky Right: -0,2 cm
BClayer 2-9/41  Bw/BC 10 YR6/3  S-blocky @;}T";e;'l Indent: Left: -0,17 cm, }
OBlayer >41 - 10 YR6/1  S-blocky -
U2K1 Insitu
(1D 3-5 process 02 A SYR5/2  Crumb
BClayer 2-17/72 BC 10 YR6/3  S-blocky
OB layer >72 - 10 YR6/1  Massive
U2K2 55 Insitw 0-2 A 10YR7/2  Sblocky 398 269 1088
(I1II) process
BC layer  2-110 BC 10 YR6/6  S-blocky (U2K3) (U3K3) (U2K3) <. t.,,mmed: Indent: Left: -0,18 cmj
OB layer >110 . 10 YR6/1  Massive " (Right: -0,19 cm
U2K3 Insitu | LFprmatted: Indent: Left: -0,18 cm, }
i) 2-3 process 02 A 10 YR7/2  S-blocky - | Right: -0,2cm
N avar " QL Formatted: Indent: Left: -0,17 cm,
BClayer 2-16/65 Bw/BC 10 YR6/3  S-blocky [ﬂ;ht: -0,21 em J
OB layer >65 - Massive

* OM= organic matter, CEC= cation exchange capacity

Topography is a factor that influences the development of soil morphology, while identifying the genetice - - Formatted: Indent: First line: 0,75
horizon suggests observing the soil profile according to the horizon boundary, horizon thickness, texture, cm
structure, consistency, effective depth, type and number of pores, and other characteristics (AditvaHaidar et al.,
2021).
Generally, the soil colour is dark grayish-grevish brown to dark brown (A), with yellow pale brown to brownish-
yellow (B) and gray—grey (OB) horizons. The darker colour at horizon A suggests a sufficient duration to
accumulate organic soil matter (AdityaHaidar et al., 2020).

The increasing soil depth (subsoil) has undergone brownification from yellowish-brown to yellow (10 YR« [ Formatted: Indent: First line: 0,75 ]

6/6 to 10 YR 7/6). Markley (2017) states that a browner colour of soil generally indicates a high content of cm
goethite, and a redder soil colour indicates higher hematite content. Bedrock (OB materials) > 40% causes the
land to be damaged, which is marked by limited and lateral soil development. A soil depth of less than 60 cm
results in easily degraded land, causing trees to collapse because their roots do not get enough water and
nutrients (Aji et al., 2020).

The soil in the study sites can be characterized as acidic with lower content of exchangeable cations (K, Na, Ca,
Mg). The number of exchangeable bases was much lower than the CEC: value, indicating that the development of
a_negative charge of soil organic matter would be limited under acidic soil conditions (YusoffKhairul-et al.,
2017). HaidasAdityaet al. (2020) also state that the higher CEC in surface soil might be due to a hi gher quantity
of organic carbon in surface layers, soil texture, clay mineralogical composition, and degree of erosion. The
influence of selected soil properties such as pH and bulk density on bacterial communities suggests that post-
mining reclamation practices must ensure minimizing soil compaction: and preserving the pre-mining soil
horizon and quality, as well as including measures for soil pH amelioration.




Table 6.Morphological characteristic of a reclamation area (> 5 years old)

Characteristics of dumping Morpholo.gi(zal Chemical Properties ez &ormatted: Centered j
Sample Sloge R EATaceics N ( Formatted Table j
% Origin Tk Horizon  Colour Structure P om ou T (
(cm) Lt (H,0) (%) (meq) - Formatted: Centered j
U3KI (D) 02 Litter 1 0 - B [Fprm.atted: Indent: Left: -0,17 cﬁ
Right: -0,2 cm
BC layer 1-5/60 AB/BC  10YR6/2  S-blocky
OB layer >60 - 10 YR6/1  Massive
U3K2 (D) 3-5 ;‘;Z‘é;s 0-3/10  A/B 10 YR5/6  S-blocky 397 321 945
BClayer 3/10-55 BC 10 YR7/3  S-blocky (U3K1) (U3K1) U3K1) < [Formatted: Indent: Left: -0,2 cm, ]
OBlayer >55 - 10 YRG6/I  Massive S A Right: 0,27 cm
Insitu } @rmatted: Indent: Left: -0,1 cm j
UKD 35 process L Wi 10YR6/6 8- blocky ( Formatted: Indent: Left: -0,28 cmj
BC layer  3/6-55 BC 1I0YR7/6  S-blocky
OB layer >55 - 10 YR6/1  S- blocky
U3K1 Insitu }
b 02 e 02 A 10 YR5/6  S-blocky
BClayer 2-9/94 Bw/BC 10 YR6/6 Massive
OB layer >94 - 10YR 76/1  S-blocky
213)1(2 02 ;?Zlégss 0-2/4 A 10YRS/6  S-blocky 422 2.67  11.25
BC layer 2/4-55 BC 10 YR6/3  S-blocky U3K2) (U3K2) (U3K2) - ""t,rmatted: Indent: Left: -0,18 cm, }
OB layer >55 5 10 YR6/1  Massive Right: -0,2 cm
3 nsi .
gl)m 3:5 ;m‘c“;ss 0209  AB 10YRS/6  S-blocky
BC layer 2/9-90 BC 10 YR6/6  S-blocky
OB layer >90 - 10 YR6/1 ~ Massive
31311)(1 3.5 gf)‘ctzss 02 A 10YR6/6  S-blocky
E‘y:e/ OB a4 e SYR6/6  S-blocky
OB layer >44 B- 10 YR6/1  Massive
gﬂl;zz 3-5 ;‘;Z‘ctzss 024 A 10 YR6/6 S-blocky 4.08 257 1275
BClayer 2/4-90 BC 10YR7/3  S-blocky (U3K3) (U3K3) (U3K3) < —t,rmatted; Indent: Left: -0,18 cm, 7
OB layer >90 - 10 YR6/1  Massive Right: -0,2 cm
31311)(3 35 ;?Zlct:ss 0210 A 10 YR6/6  S-blocky
BClayer 2/10-94 BC 10 YR7/2  S-blocky
OB layer >94 - 10 YR6/1  Massive

* OM= organic matter. CEC= cation exchange capacity




Figure 11.Masif, impermeable layer and topsoiling proc

B «| Formatted: Indent: Left: 2,75 cm,
materials (Masif OB/Horizontal) Right: 2,5 cm
Figure 12.Masif, impermeable layer and topsoiling processes of OB “77 | Formatted: Indent: Left: 2,5 cm,
materials (Top-soil processes) Right: 2,5 cm

LComment [Ir23]: The figure is blurryj

Figure.1 3Reprentation of soil profile (> 5 years)
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Conclusion

The thickness of topsoiling less than 2 years ranged from 3/10-150 em (Separi) and 44-90 cm (Bengalon), for
2-5 years between 0-120 cm (Separi) and 41-110 cm (Bengalon), while > 5 years old it ranged from 3/5-150
cm (Separi) to 65-110 cm (Bengalon). Soil layers generally have the same soil morphological characteristics
under forest stands (external weatheri 8). i.e. soil colowr, texture, and part of the structure. Leaching processes
indicate that weathering has begun and the reclamation area post-coal mining was only seen at more than two
years old. Morphologically, it shows that swamp soil (Tropaquents) and parent material/ parent-rock sandstone
(Psaments) are also used for top soiling (Separi) along with other soil-like Typic Hapludults/ Typic Dystropepts



| which are generally red to yellowish in colour. Vegetation planted in the reclamation area tends to increase the
organic matter content (Separi) and the Cation Exchange Capacity (Bengalon) in the upper part (< 10 cm thick)
| compares-compared to an area less than 5 years old.
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