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9 Abstraet' Hartoti w, sudamadJl T 20)2 Thc ,lynanrcs of soil carbon in revegetdted post-coal mining ,ites: A case shtdy in Berau,l0 Eosr Kalinonon' Indonesia. diotliv*siras zs:. "xsx. op;i;li ;;;;g pracrices cause the loss of vegeration corer as welr as soirll degradadon. Posr-minine land rcclamation and rer egcrairon 'are ;;;;ffi;;i";;;;;:,;?""".r.tf# and soir quariry. whire12 sevcral studics have rev-ealed thc vegcration ;;;#;; i;ii;r; piu-,n,n,ng revcgelarion. rimilcd studies have focuscd on carbon13 dvnamics of the soil. This studv aimid to invesr.igate tit" ayroriir"or *r .,""u", .ii"[ar"'i. .irlfffioo" *a how it changed14 following reYesetation. The resiarch rvas carri.d ;r,t i, G;";;;;i area of a coal mining company in Berau, East Kalimantan rvhich15 were divided ifto thrce sitesr su^tu.uto vinioi iipl'ir"r"iiil"i'ji'ii",. Brlungan rr,r;rlig cjpi..il", rn-rrio) siro, and Lati Mining16 operation (LMo) Site At each ,irc, 
"ight 

tu;'plin"g-p'i"ir'ri"." Il"urirr,"a represenring lanJ *.ith varying veg€tational conditions,17 namcly original lard and post min^c^d lanai r irn rlw iig'rw.g;i* ia." fro,n opcn rand ro r 2-ycar-ord i egitarion. The pcrcentage ofI8 c conucn. was calculatcd trom 288 disturbJ s"il *,i;Lr:"il;"1;ri-den.iry *0" anaryzed from ri+ *i?t. soir sampres using lhels walkev & Black 
'nrd 

eravimelric melhods. wc r"*a ir,*-,rr" i 
"i".1 

at *rc initiar srate aftcr miuing opcration was vcrv lo$. coar20 mining act'ivities cause"d a loss of c i, .oir *,trr - u""*g; ,a]r. 
"r 

z i zsx. or equal ro 5 65 rons/ha ihi biggest Ioss ociuncd at rhe21 sMo site (44'97%' or 13 04 ionyha), .hil" dr" ,,,uid;;tt *.r i"-*a. * a" LMo site e.24%,or 0.40 t;,,"/ha). The carbon stock22 tmprored aftcr re'ceetation oarticulirly int 
" 

sr.aii *o Litao tir"., iia rrr".u* or"rrbon siock enhs'cemcnt in the soil diff€red across23 sites' The resuls alio show; dlat soil"carbo, ir rh";o-,l;iil;;;'of_ro-:o cm was !ie"i"i iir* ii-ut"itrr" o-r0 cm layer. Along24 with the increasing age ofplants, the vedical dis.iurtii, or d-r-to?t ,iirt d from tle lorver layer to thc upper layer.
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and South Sumatra (pratiwi et al. ZO21). At national
context of Indonesia, coal has a significant role in fulfilling
energy supply for domestic use which is used in electricit|
generation with 33 GW of coal-fired power plant facilities
(Ordonez et al. 2022).

.Alfhough it plays important role in energy provision
and. economic development, coal mining' generates
inevitable adverse environmental impacts du-ring its
extraction. In particular, open-cut mining, which i the
most commonly used technique in lndonesia, causes
inevenible damage to the landscapes o[nalural ecosystems
(Sudarmadji and Hartati 2016. yuan et al.20t6; B;cka er
al. 2021; Pudelko et al. 202I; Wang et at. 2022). it removes
vegetation, topsoil, and subsoil, which are the major sinks
ofcarbon (C) (Ahirwal and IUaiti 2017). Since the majority
of coal reserves are located in the forested a.ea, the coal
mining operation causes deforestation (Mukhopadhyay and
Masto 2022) Soil, also known as C reservojrs, iontains
three times more C than any combination of biomass and
atmosphere (Httblova and Frouz 2021). As a consequencg
there.is eyidence that soil degradation caused by mining
contributes,to an increased global warming 

" risk b!
releasing CO: into the atmosphere (yan et al. ZOZO). tt.uiit
take a very long time to naturally recover the biological and
physical qualities ofthe soil in post-mined site (Singh et al.

INTRODUCTION

The mining sector is considered one of the most
essential sectors for Indonesia,s economic development. It
contributes to approximately 10% of the national total
gross domeslic producr (GDp) (Lestari et al 20I9). ln the
last decades, accelerated growrh has been seen in the coal
mining sector (Chandrarin et al. ZO2Z). It has been
lorecasted lhal global coal usage will continue to ir"reui.
lr_om I7l ro 208 CJ by 2040 (Aguirre_Villegas and Benson
2017). In the context of Southeast Asia regi6n, Indonesia is
the most impoflant counlry in terms of coal producers,
alongside. Viernam and rhe philippines (Clark er al 2020).
At global context, in 2013 Indonesia supplied 38% of
global coal demand and half ol total 

"^po.t. 
in Ariu(Friederich and Leeuwen 2017). This contribution is

increasing from year to year. making lndonesia as the
second greatest coal exporter in the world since 2Ol8
@askoro et al. 2021) with the five biggest coal importers

lL 9hiyt Japan,.Indiq Korea, and Chinese Taipei @utu2016). Indonesia is estimated to have around S.iy" of the
global coal reserves (The British petroleum,20lg) with
tolal of 140.48 billion tons (Ministry of Energy and
Mineral Resorrrces 2018). Such reserves are mostly located
in three provinces, i.e. East Kalimantan, South Kaiimantan,
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Abs'tac'' Hartou v sudarhadii T )022. 'Ihe dynamics of soil carboh in revegetatetl ?osr-coql mining sles: A case s1uly in Berau,East Kolimantan' Indonesiq' dodivcrsltas 23:, w. opci, plt mirng p*ia", .u*" the loss of vcgetation cover as well as soildegradation Post-mining land reclamation *d r"r"g"tullon ar" ih"i"6.l, ioror"ra io recoier the vegetation and soil quality. whileseveral studies have revealcd thc vesctatior succcssion following port-rr;ng rcvegetation, limited studies have focused on carbondvnamics of the soil. This snrd' ui-Ia to irr"rt,gJ" 
-i;. 

ayii"iiit'"r r"ir 
""rt 

n stock due to mining operation and how it changedfollowilg revegetation. The resiarch was carried oirt in the concession area oia coa mining company ia Berau, East Kalimantan whichrvere divided into rhree sires: sambarata Mining ope.atio, (suoi s[",'i;*€* Minii'g operarion c]ro)-il: *d Lati MiningoperaLion (LMO) Sire. Ar each sirc. eisht_reiearch ..*;;;il" cil6) ";;:;i;;;;";;;;;;;;;d wifr varyingvcgelational conditions namclv oripinal land and post mined lands riitr,-ru.ying revegeration stages ftom opel lafld rrc l2-year-oldvegelation' The perccntage ol'c coirent *u..ut"riur"a-io,rijiC Ji*ru.a*nil ;.mplis. whilc buik densiS',ua. anatyrea crom l++whole soil samples using the walkev & Black and gravimerric -"til.. w;6;;*trr";'d# #'i ffi?;li'uil',*. *". -,ningoperation was verv lou coal minine activitie, curr.a-u torioii in Joilrlrh in ur"rug. u alue of 2l.2g/o. or cqual to 5.65 tons,/ha. Thebiggest loss occuned at the sMo 
"i," 

,++.szz.;r Ii.64 ;r;;;;;il;;; ima esr toss was found ar the LMo sire (2.24%, or 0.40tons/ha) Th€. carbon 
.stock improved aIlE. 1"r"g"tutro,-purt'#l"riy 

-ri'in" 
sMo and LMo sites, and the rate of carbon slockeohancemcnt in the soil diffcred across sites. The iesuls aiso showea hafsoit carboo in.the post-mining arca of 10-30 om was greate,than that of the 0 10 cm laver. Alons with the increasing age 

"i 
pr-t", a" 

""rti"a 
distribution of c stock shifted from the lower laverto lhe upper laler. srucr snrlteo Iron

Kejrwords: Carbon sequestration, coal, land rchabilitation, poslmining, revegetation

INTRODUCTION

The mining sector is considered one of the most
essential sectors for Indonesia,s economic development. It
contributes to approximately 10% of the national total
gross_ domestic product {CDp) (Lestari et al. 20lq). ln the
last decades. accelerated growth has been seen in the coal
mining sector (Chandrarin et a1. 2OZ2). It has been
forecasted tlrat global coal usage will continue to increase
liom l7l ro 208 GJ by 2040 ( Aguine_Villegas and Benson
2017). Io the context of Southeast Asia region, Indonesia is
the most important country in terms oi coal producers,
alongside. Vietnam and the philippines (Clark et al. 2020).
At global conlexl in 2013 tndonesia supplied 38% of
global coal demand and half of total 

"iport, 
in Ariu

(Friederich and Leeuwen 2017). This contribution is
increasing from year to year, making Indonesia as the
second greatest coal exporter in the world since 20lg
(Baskoro et al. 2021) with the five biggest coal importers
are China, Japan, India, Korea, and Chinese Taipei (Dutu
2016). Indonesia is estimated to have around 3.ay, of the
gtobai coal reserves (The British peroleum,2019) with
total of 140.48 billion rons (Ministry of Energy and
Mineral Resources 2018). Such reserves are mostlylocaled
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in three provinces, i.e. East Kalimantan, South Kalimantan,
and South Sumatra (Pratiwi et al. 2021). At nationj
context of lndonesiq coal has a significant role in fulfilling
energy supply for domestic use which is used in electricity
generation with 33 GW of coal-fired power plant facilities
(Ordonez et al. 2022).

_Although it plays important role in energy provision
and. economic development, coal mining- generates
inevitable adverse environmental impacts diring its
extraction. In particulaq open-cut mining, which is the
most commonly used technique in Indonesi4 causes
ineversible.dam age to [he landscapes ofnalural ecosystems
(Sudarmadji and Hartari 20t6: yuan et al 20t6: Bucka et
al.202l: Pudelkoetal 2O2t: Wang er al 2022). ll removes
vegetation, topsoil, and subsoil, which are the major sinks
of carbon (C) (Ahirwal and Maiti 2017). Since the majority
of coal reserves are located in the forested area. th; co;
mining operation causes delorestation { Muk}ropajhyay and
Masto 2022| Soil, also known as C reservolrs, iontains
three times more C than any combination of biomass and
atmosphere (Hiiblova and Frouz 2O2l). As a consequence,
there.is evidence that soil degradation caused by mining
contributes to an increased global warming 

" risk b|
releasing COz into the atmosphere (yan et al. 2OZO). lt .vv,il


