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Abstract: We estimated the carbon storage of coal mines reclaimed using Betula
platyphylla (BP), Pinus koraiensis (PK), and Pinus spp. (PS, Pinus densiflora, Pinus
rigida, and Pinus thunbergii). The carbon storage of tree biomass (TB), forest floor (FF),
mineral soil (MS), and the total forest were quantified. Reclaimed sites were located in
Gangwon-do, Gyeongsangbuk-do, and Jeollanam-do; reclamation was conducted at
various times in each region. The carbon storage (ton C ha™") in FF (BP: 3.31+0.59, PK:
3.60+0.93, PS: 4.65+0.92), MS (BP: 28.62+2.86, PK: 22.26+5.72, PS: 19.95+3.90), and
the total forest (BP: 54.81+7.22, PK: 4729+8.97, PS: 45.50+6.31) were lower than that of
natural forests (NF). The carbon storage in TB was lower in BP (22.57 £6.18) compared
to NF, while those in PK(21.17 +£8.76) and PS (20.80+6.40) were higher than in NE While
there were no significant differences in the carbon storage of TB, FF, and the total forest
among tree species, results from MS showed a significant difference among species. TB
and the total forest carbon storages in all sites increased after reclamation. Soil pH and
cation exchange capacity values in BP and PS were lower than in NE Amounts of labile
carbon, available phosphate, and microbial biomass carbon in reclaimed sites were
less than half of NE There are a number of methods that could increase the reclamation
efficiency. Applications of lime or organic fertilizers, as well as tillage operations, may
improve soil properties in reclaimed coal mines. Additionally, pruning and thinning
would increase tree growth thereby increasing carbon storage.

Keywords: reclaimed coal mine, carbon storage, soil physicochemical characteristics,
time after reclamation
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N =

A2 A= 9E9S, 19 ES U 22 ®asE A
Aot glom, A AfgH o FQt @A Fo4dot
(Dixon et al. 1994). &3] 7] & 247t~ FE7t 2|44
o g2 Z7ote] et §AE S5t AR e S840 A
Al BZF=] 1 QITh(Kim et al. 2011). Y52 F3HS 55
7] 5o §aE 1Aot= TS ohv, Aol AT
s vy 9 929 22 {712 JHE EG] FYE
o] X Hrt(Lee 2011). 3 A5 W A== SaFe
T, A58 4 EY S0 wet tE2A vehdth 1
27 o] gt QI B A2 AZto] Aol whet &
7ok 43S H It (Kim et al. 2014; Lee et al. 2015).

He g oA = A FAE GF5o=E Qo EG F
Axt HA A7

,VBEAAT] A A o d4t7 =
HjE2 Qlsto] AZket Abglmta] 7t dojdth (Kwon et al.
2007; Yang et al. 2007). 5

Hrle2 AgAo=s 51
=5t st 3 At A4 4 oH(Min et al.
2005). =S EF 944 of Tolol= nY=E &
Tl YFE v 4= Qlok whebA] Heg 2] oo A 9] 4
Hubd= 4 O] &4 A TIY F4Uo JFdS Eols
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=, AF Bl AR EE T8 5E-2 oAU, 27
CAL, AP R 2L, E @ U, AR, S, &
&, AR 5o]™ (Jung et al. 2012), ©] & AR, Zh
T 5, H71t0au, 2auR7E 7Hg g2 AAEE A
o2 A QITH(Woo 2000; Jung et al. 2012). 7]E A+
£ 5ol gyt 4t E TAHoA F 9 AR o E
A Aol Mak= Ui 9FS A © U (Kim 2013; Kim et al.
2014; Lee et al. 2015), HgHF AHH 5225 thf o= g
T A= FEot

F3 Hghg A oA 8 AT RE S5 9
T Qo 2HE WA Qo] ©A Wl it 7%
2t o8] B=5t} (Lee 2009; Choo and Lee 2019).
ofge] AR AL HEkgo] Yo BE 5 Leht
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2018'A 74N AR5 (Betula platyphylla) 2F A5 (Pinus
koraiensis), 20199 5~7¥o] AURH (Pinus. SPp-; EBAC
P. densiflora, I tAURE. P rigida, &P thunbergii)ﬂ
AAE S qpFo SaE ) 2] OE A7) (A
U 8~20, AU 4229, AURR: 8~18'0) o) B
o AR 674, R 48, AURR S7HA T F

157§ 25 ZAFSHSAT (Fig. 1; Table 1).

2 NE A A 2

AAEE 20mx20m 2719 17} ZAFLE A A]619]
o}, 5 g4 AFEES A4S 9iste] A U 12
27 6cm o1 A= FAAA M 15 S5
TR W e AAEAE o8t AEAAE
FotL, Hio] Quf A S A4 B SAASA S T2 A
&oto] dE W gAa AFS 4SSl TR At 4
A1) e A vlwsty] Slof = H@ArE et
A et ol e 9 Hpo] U A A AS o] &
oto] 7z 5 Wt A 92 -et He g A 524 3
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Estimation of carbon storage in reclaimed coal mines
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South Korea

Gwangwon

Jeonnam

Gyeonbuk

@ : Betula platyphylla
W : Pinus koraiensis

M : Pinus spp.

Fig. 1. Location of study sites by introduced species in reclaimed coal mines.

Table 1. General characteristics of study sites by introduced species

) Introduced Time after Altitude Aspect Slope Mean DBH*  Height
Area Mine name . : o ]
species reclamation (year) (m) (°) (°) (cm) (m)
Dongwon gwangjung 8 1089 180 30 4.5 4.0
Hamtae coal mine 18 790 150 25 8.1 8.5
Waryoung industry Betula 18 110 210 25 94 8.4
Gwangwon
Eoryoung daedeok platyphyila 19 981 160 15 1.5 11.5
Jungdong Daeduck 19 1099 30 25 1.7 11.0
Yeongdong coal mine 20 381 0 35 10.9 9.9
Gwangwon Waryoung garden 4 88 240 30 3.6 1.9
Gyeonbuk Eunseong coal mine Pinus 20 202 340 27 15.7 8.0
Gwangwon  Moses coal mine koraiensis 21 236 270 55 12.0 6.9
Gwangwon Hwangji Yeongdong 22 834 290 10 9.9 70
Jeonnam Honam coal mine P densiflora 8 167 285 38 71 2.9
Gwangwon Heungil coal mine P densiflora 10 71 270 38 9.3 75
Jeonnam Dongyang coal mine P rigida 1 199 155 42 9.7 8.6
Gwangwon Sueun coal mine P densiflora 16 471 210 35 1.6 8.5
Jeonnam Gwangjin coal mine P thunbergii 18 190 115 35 9.8 8.2
*DBH : Diameter at Breast Height.
o B FARE A9 2092 7]E0 2 A, EA 7| =Y Y459 A, AR W 3709] 23 elA 900 em®?1 78
T, SRS 58 Beote] B AYFS Ay IS AAstel dAS AT T AFYT darH
T} (Korea Forest Research Institute 2011a,2011b). 7| (vario Macro cube, Elementar, Germany)E A5t &
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g7t eha
Ak

EY g4 AFFE F5h7] ot H
g 2104 0~10em Zol0] EF A RE HHEP‘R‘X o,
TR B Alme Aol 48417 o FAIX %2
mm A (US standard No. 10) = Ay A8 N E2 B2|5}
Ak ©A s 9AEA7E ol8ste] SA5aloH,
EY &4 2 (ton C ha )2 A= TFaho A A
ARt AitA o] wheh BE¢F &4 5k, §AEE, A9 o
< ol&sto] Atstt (Korea Forest Research Institute
2010). AHH 9] & &4 AT o5, HA95 ES ©a
Agere garelol 2459t

B (%) 2 B4 A% (ton Cha™' )2 AXISH

M

| =]
3- E?)r ?’g =

Mo

EY pHE 1:5 (EF:SR7e) ddor SHsHA
g ol (Ca’t, Mg*", K, Nat)& Z73517] $l5to]
AE 4g°ﬂ pHE 72 Z7Z3%F 1 M Ammonium Acetate &
A 23t & AFTo|2 AFSHATH (Rural Development
Administration 2010).

EF AL 5hv 94 v 24 T FA7 ol
ot P47 E o]gste] &

(C:Nratio)2 EY &4 5L & 24 5L 2 Lro] At
Skt

AE Zgoﬂ Bray No. 1 FZN 4mLE Y1 18 =9
A & AFZFol=2 o3t (Rural Development
Administration 2010). & 9] X2t oFol 9 {79l
AF ‘55X = ICP-OES (Inductively Coupled Plasma Optical
Emission Spectrometer 730 Series, Agilent, USA)E ©]-8-5F
of ZAolh 12|11 EQF W Ammonium Acetate =3
9] pH H3}e} ol FEE ©|-§5to] ESF CEC (Cation
Exchange Capacity)% Ar=SH Tt (Rural Develoment Adm-
inistration 2010).

EQF W E9rger4 g (Labile Carbon)2 E43F LA
(UH5300 Hitachi, Japan) & ©]-85}°] 550 nm T2 715

F= mo] Al N FFEE S4ste] A= A=
Al 2ol H ol8 7t FrlEdE F7gok Tk (Weil et
al.2003).

EG Wl nAE v ujAs SRZAE EF5 FE
" o 2 ZASHATH(Witt ef al. 2000; Perakis and Hedin
2001). 181 FH-718 4254 7] (TOC-V CPH, Shimadzu,

g
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Japan) Sto] B &4 9 AA 55 S5, 2
22Xeg Yo ARs Ua) L AR 7hEka 9 Aa

=i}

=
5 ZtolE & Al (extraction coefficient, 0.45) 2 U
of BAE ol 28 Az alsct

hil H B % A ARE AL, AL B, AL
A%, %‘TC_)‘ Table 1° WER ST} A== A B4

2 77 g2 A v, AsthE ol 1,099 m=
7V w1, SLEglA 71 mZ 7P @okth 21382 of
it Aol o H, AURF AR ET A= 5784 A9
of Sl skEEAAY 9] - AR AAE 22 s
A}z (Carex lanceolata), 371 AAH L2
(Oplismenus undulatifoliuus), 2~U-75
AasAE(C jumils var. nana)’t 2 St AEE
T Aol AR = sto] ArHE BEshA 24skde
™, QR ESS AHgoto] RES AR & AR skt o]
o 5E EA2 10emo| o™, BE A7 M2 1.4~2.0
mO] 31tk

2. US B2 NBE

AP, 20, AURR7E A Hed A ET
210] Bt Y5 &4 A (ton Cha )2 22t 2257+
6.18,21.17 £ 8.76,20.80 + 6.40.2. 2 L}E}SI T (Fig. 2a). U+
T2t 2] 9)A)5 F3F F Batoll sigshs AR 149
Hehg A EAA] B dHT FARE ARl 9
B 209 7|0 R Ayt AR ol E v A (ton C
ha )& AlARE A3 AR, AR, AURROA 2}

7} 25.72, 17.89, 18.81 2 LEFH T} (Korea Forest Research
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Fig. 2. Carbon storage in tree biomass (a), forest floor (b), mineral soil (c), and the total forest (d) of reclaimed coal mines by species. Verti-
cal lines indicate one standard error of the mean (Betula platyphylla n= 6, Pinus koraiensis n=4, Pinus spp. n=>5). Different letters indicate

significant differences among species.
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Institute 2011a, 2011b). 2L} ALHEF 9]
A wgg AR B oA A A AR
LrEb T, 12y AR o] 5 Bha AR
AFHEFR]of|A A¥t AR Hop WA YERt=T
SEREEE DR EER REREREER
237} TISEElo] Al80] U] L A
710 2 TR W, SR} ot
QI A AT} 8 olfe 5]
28 v ) YDA AT SF

EoF 548 Ajdsto] 9% 4180l
5H7 o] o7 o5 WE o2 TAHETH(Pichtel et al. 1994;
Kim et al. 2012).

o, EAEA A g A BN £FE
T 45 g4 AR 2Aol= UEA] 23T (p>0.05;
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Fig. 3. Carbon storage over time after reclamation in tree biomass (a), forest floor (b), mineral soil (c), and the total forest (d) of reclaimed
coal mines by species. Vertical lines indicate one standard error of the mean (Betula platyphylla n=6, Pinus koraiensis n=4, Pinus spp.

n=1>5). Different letters denote significant differences among species.

B} A4 11.25) 0] Hlste] W2 Zo]th (Greenhouse Gas
Inventory and Research Center 2019). ©|+= H[£Hgof|A] 4
Yoa B A7} A7ro] QaEA] ool vt Abeln

CAA o2 e qd- 4R 59§78 £ H91)

AHEA AT} ey AR B Ao 5 E Y
7o) 2Fol= WA e84t (p > 0.05; Fig.

=
SFAAL, 2 ATl olEet 10 ol old dEe W
FOR A7 el +FER YAS Ba AEH
of zpo7} LrepLtA] ¢h2 2o = ekt

738 ©2020. Korean Society of Environmental Biology.

Lee et al. (2017)°]] TF2H, Y
Aol et Zohekeha sttt w44
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Estimation of carbon storage in reclaimed coal mines

Table 2. Soil physico-chemical properties by introduced species in reclaimed coal mine restoration sites.

Bulk Coarse . CEC* Ca®* Mg* K* Na*
. Introduced . Soil pH
Area Mine name Species density fragment (1:5)
P (g cm™) (g g'1) ' (cmolc kg‘w)
Dongwon gwangjung 1.12 0.55 4.96 6.72 0.29 0.07 0.13 0.007
Hamtae coal mine 1.17 0.35 5.49 11.62 3.25 0.67 0.18  0.01
Gwangwon Waryoung industry Betuls 1.29 0.74 5.84 9.76 4.63 1.26 024 0.024
Eoryoung daedeok platyphylla 0.49 0.13 4.33 14.44 0.68 0.20 0.19 0.018
Jungdong Daeduck 1.03 0.50 4.87 9.94 1.86 0.27 0.16 0.012
Yeongdong coal mine 1.1 0.32 5.43 10.07 2.35 0.79 0.29  0.030
Mean 1.04 0.43 5.15 10.41 2.18 0.54 020 0.017
Gwangwon  Waryoung garden 0.76 0.30 4.49 19.39 764 1.66 0.16  0.035
Gyeonbuk Eunseong coal mine pi 0.83 0.38 6.31 10.58 5.27 1.25 023 0.012
Gwangwon Moses coal mine kg;:/fans/s 1.12 0.59 4.99 10.82 2.23 0.38 0.20 0.018
Gwangwon Hwangji Yeongdong 1.34 0.53 6.27 10.17 6.10 0.32 0.15 0.012
Mean 1.01 0.45 5.52 12.74 5.31 0.90 019  0.021
Jeonnam Honam coal mine P densifiora 0.90 0.48 4.94 10.36 1.04 0.28 0.17 0.042
Gwangwon  Heungil coal mine P densiflora 1.18 0.43 4.27 6.89 0.41 0.16 0.08 0.010
Jeonnam Dongyang coal mine P rigida 1.25 0.23 4.47 4.55 0.19 0.19 0.09 0.028
Gwangwon  Sueun coal mine P densiflora 1.17 0.60 4.43 8.78 0.96 0.21 0.12  0.008
Jeonnam Gwangjin coal mine P thunbergii 1.13 0.40 4.94 8.62 1.40 0.59 0.16  0.048
Mean Pinus spp. 113 0.43 4.61 782 0.80 0.29 0.12 0.026
*CEC: Cation Exchange Capacity.
219] Wit EF pHE 27 5.15+0.22, 5.52+0.46, 4.61 + ol= ety 2| ojo] e EoF oFE I} pHE Q15 FE F
0.14= l/Ir‘:/}ur‘jr(Table 2). dEtdo g A& s At BL7F #ARE Aol Yo = AZETH(Ohno and Erich
shotal g7l E pHO| M= 5.5~6.5%08] (Kim et al. 1990; Sikka and Kansal 1995; Kim et al. 1999).
2006), AHEH--2F J—]"{'T‘IT—’] HHEA] | A= o] Kt Hghg A B0 Pt B e W A4 T (%)
w2 E9F pH7F UET o] = Hgh g 2] 9e] W2 EoF o B E-2 Table 37+ 2Tk Jeong et al. (2002)°] TE
pHOt 2| Feio] 910 (Mun et al. 2006), 9% Ao U Uyt AREFO] B Ba B (%) 2.60°]
2 B U] ole FrFol ZR) mhek paoleol W v, Wi B 0192 BuHgch BEE] 4 550]
=o] Wolsl7] fl= o= AZHEITh(Table 2; Lee and Park L A gol whet o= A e dEEA 0 = 10,0 HE
2001; Hur et al. 2009). HEHE AFEH2] W 45 AJ50] ol ZAog AR Ach(Jin et al. 1994). EJF 7|E AT1A
AYIEE 43 AuE Sl EF puE ANT Wark  BE vigoz Oyt HEcpe) B RS At 2
Q= 7o 2 metEch 7} 13.68 BTl (Jeong et al. 2002), & A A= A=t
Hehy At E2] 9] W ESF CEC Ca’f, Mg, L 35.47, AR 21.80, 2UHEF 44.042 o]t &7
K", Na® &5k Table 20 AAI=| AT Jeong et al. (2002) Uetuth EY ©A Fh= fghg AR E 204 LRk
ol $-2lukat A EFO] CEC (coml kg') Bk 12,5 ATRAETE 9=, o) HEF ARE7A0] B
o, Ca’*, Mg*", K", Na* &% (comlc kg™ )= 212t 2.44, EA ke wIARE Hl A dpol ot o g Holw, o]
101,023,022 522 HUEQTh & A-AvtofA= 3t et gA5o] = Uehd Ao 2 waEth (Ussiri and
L-5-9] CEC (12.74 coml: kg )€} Ca*>* 5% (5.31 coml, Lal 2008).
kg )E Aoty BF AuF A2 Bt W AiE L Hehd AR 5120 g EY 2R A (mgkg)
Wt 53] CECe aWRollM W2 237 vebd=d], + AR, BUE, AauERol A 22 593.74£101.78,

http://www.koseb.org 739
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Table 3. Soil nutrients by introduced species in reclaimed coal mine restoration sites.

. Vine narme Introdu_ced Soil C* Soil N** C N rati Labile C* Available P*** MBC**** MBN*****
species (%) (%) -1
(mg kg™)
Dongwon gwangjung 5.63 0.1 51.18 25730 0.18 178.32 733
Hamtae coal mine 6.04 0.14 43.14 53710 0.09 372.01 2700
Gwangwon Waryoung industry Betula 3.86 0.1 35.09 534.84 2.80 480.66 42.38
Eoryoung daedeok platyphylla 9.17 0.38 24.13 1011.74 9.80 799.39 63.57
Jungdong Daeduck 4.27 0.28 15.25 699.09 0.14 262.98 14.35
Yeongdong coal mine 4.84 0.1 44.00 522.37 13.40 445.96 28.29
Mean 5.64 0.19 35.47 593.74 4.40 423.22 30.49
Gwangwon  Waryoung garden 5.90 0.36 16.39 846.36 1.59 851.66 3703
Gyeonbuk Eunseong coal mine ) 2.86 0.13 22.00 546.16 24.00 641.66 45.31
Gwangwon  Moses coal mine Z’J’Z;’; ss 205 012 1708 599.40 0.02 501.75 33.66
Gwangwon  Hwangji Yeongdong 761 0.24 31.71 494.05 0.04 294.66 14.37
Mean 4.61 0.21 21.80 621.49 6.41 572.43 32.59
Jeonnam Honam coal mine P densiflora  2.74 0.19 14.42 119732 0.47 801.31 34.31
Gwangwon  Heungil coal mine P densiflora 5.39 0.05 107.80 272.03 3.24 466.71 1756
Jeonnam Dongyang coal mine P rigida 3.02 0.06 50.33 494.81 0.21 488.96 15.55
Gwangwon  Sueun coal mine PR densiflora  3.64 0.10 36.40 520.11 2.50 445.87 11.83
Jeonnam Gwangjin coal mine P thunbergii 1.58 0.14 11.27 103715 0.32 926.33 33.72
Mean Pinus spp. 3.27 0.1 44.04 704.28 1.35 625.84 22.59

*C: Carbon. **N: Nitrogen. ***P: Phosphorus. ****MBC: Microbial Biomass Carbon. *****MBN: Microbial Biomass Nitrogen.

621.49+77.98, 704.28 +175.86% LEFH T} (Table 3). Kim
etal. (2017,2018)°] TF2H UR¥E A ECQFO] i B
B4 (mgkg ') 1,084.300.2 1 AR of| A& o] Ht W
Utk ol HEHg AREAA] W 9Y 93] 59 171E
Aego] AR A EFHTT A7) w2l AR B7te

(Weil et al. 2003).

He g AFEEA2] EQFO] B &
AP PR AR A ZH2ZE
5.87, 1.35+£0.63% YEFSTH(Table 3). o]= Yyt 4F
tgo=z 35 7|E AFolA EFe] B+ F4a4!

& ol
rO
2t

w B

)
—

[0)°]
rl

o

N
o,

(Jeong et al. 2002). ©| 2|3t Zpo|= Hghg A EA
= EG pHE Qs B Wi Qlo] tiF& &84 <!
A5t7] W2l A2 TAETH(Jin et al. 1994). TF
AT A e HEg 219 EF] Bt FraQlik

fu jo X

4 b Lo

19 2 g O odle o

740 ©2020. Korean Society of Environmental Biology.

83mgkg’ 0.2 A AR e Aoz nusgh
(Junget al. 2011).

2) EY ©A NYY

AP 2R AR A2 Heg A s
219] Yt ESF B4 A% (ton C ha™')-2 28.62 +2.86,
22.26+5.72, 19.85+3.90.2 2 LEFSITH(Fig. 2¢). ©]2g
F2e 27t LA A QW ER] B Ao A AASHAL Q)
+ YRF AR O] EQF A 2 (ton Cha™; 718 S g4~
55.68, BT 37.77, SHAM AU 37.83, 718 A5
38.75)°l H|ste] W2 Z o]t} (Greenhouse Gas Inventory
and Research Center 2019). 181} o|¢t &2 A= E
& £ Aol JFE vA = g4 Tt HEg 4t
E2)oA ARt AR E} o E=9kd ATte} Aube
(Table 3). ©]i= =7} 247k~ QIMIE ] B 1A 9] EQF
A AL 0~30me] EAS 71Z20 2 ZAME A9
Hol| Hjehg A B2 9] B9 F2 EA 0= <lsf 0~10
@] 7|20 8 XA A o]7] wiiZolt},

SHH, BAHR A A FER EF v AT 2t

Ty LML

oo



s I o U S R o s e a
(p<0.05; Fig. 2c). E9+= 45 Wl 214 o] Hy,
Ao FE7F gob AR Hg - A9 29 £=71
W20 (Berg and McClagherty 2008). ©]2 Q15f Zp&fL5-
+ S B AR SRR A dREY 9o s
M EYoE fAHE RISl Bt EY W 22 5=

[e)
= B9, 3302 B v AYTE Wt Ao

H

E<F &4 AR B & AR Aol w2k 37t
5 0.05; Fig. 3c). H& g EF W]
UE RS 7]& d723e| 2| E

*
A9 BE5Y B AGSA 5 T 4 (ton
6 3 Age

A

N0 g
ORI
rlo
>
o
sy
o
<)
%]
[\ (
fu
v
k)
20
A
i“!ﬂ
!
£

_

O
i ol

)

o P~
rmorre
P

=
oX ©
o
3

to
=)

[>

)

o
e,
Oz
R
o
i
O
HL
v
k]
i‘l‘,
SO
5
2]
N, o
e
-1
)
1o
me
rlo

o
N
o r

o
HU g
rl
RV
rid
i

sk A doR BT T Auh A7kl QeE ] ekt
7 WhEos melth webd 45 Aol & B A%
% Aol FeIsl7] SlaAE 242 mUEHo] Wa
g Aoz AztET

A0 F Tra e BT T A7 Ao uet

Estimation of carbon storage in reclaimed coal mines

= HTH(p<0.0s; Fig. 3d). ©l= #d 4
B2 5 Aol ARl whet ek ] w2}l Ao

¥ @

2 Qe Mgl Aelow By Aelo] 9%, 1
9%, £ 121 el F vh AYRS 45, 5
3 Bh AFF 2ols vlwsh] s A=A o]
= gI5to] ZUE, AR, AepdEe] vk Aguy
AOIA AR, SR, 2R 5 (21T, 27]chat

T, 5E)7F A2 oE A7l Al A o] Rk
4AHE ARG ARt At ol vloto] sghgd Al B
2l Y 9485 9 EF(ton Cha™; AR 3.31+0.59 E
28.62+2.86, ZrH: 3.60+0.93 E 22.26+5.72, AT
4.65+0.92 2 19.95+3.90), 12|11 A o] & eh4 A wF
(ton Cha™'; AFAFLEE: 54.81 +£7.22, AFLHF-: 47.29+8.97, A&
U7 45.50+6.31)2 2] UEOH, o= gha 2%
2 (ton C ha™'; AFEUR: 22,57 £6.18, ZLEF-: 21.17 +8.76,
AR 20.80 £6.40)-2 AFRLFR 7} A2 Lol AR b
2 A7 Uehdth R EF A A A9l
U=, A, At o] F wtah ARl A 2ol 7t ez
From, A& 9 Ao F v AE B4 3 A
A|Zbol wket Z7tele A Bt ot WS A =
T2 o] AR AR A EQF pH E CEC7L W
Uept o, 3 FPPgetA facl4l ulYE Hiole
o 2 eh47h Auk AP EOFRE T oH] o]AF We AvtE |
Ak Heg A EA 7)o A3] 9 5714 B8] AlH|<}
Beg 5ol EQF AAE st 7HAA7] 4 2 T

>,

o [l
T

I

T =2 O [¢)
g2 AR 45 Aas SUAIE HEg A
2 W HA A S ST 5 S AR 7HE
ot
A A

£ A7 dRRRe g BT e A
P piope] A e R Qe Woh 9 ga A
w7} el 3hAe] 4|9 uiero 2 AHE LU

http://www.koseb.org 741



| I
Korean J. Environ. Biol. 38(4) : 733-743 (2020)

REFERENCES

Avera BN, BD Strahm, JA Burger and CE Zipper. 2015. Devel-
opment of ecosystem structure and function on reforested
surface-mined lands in the central Appalachian coal basin of
the United States. New For. 46:683-702.

Berg B and C McClaugherty. 2008. Plant Litter - Decomposition,
Humus Formation, Carbon Sequestration. Springer. Berlin,
Germany.

Choo CO and JK Lee. 2019. Characteristics of water contam-
ination and precipitates of acid mine drainage, Bongyang
reclaimed coal mine, Danyang, Chungbuk province with em-
phasis on Fe and Al behaviors. Korean J. Eng. Geol. 29:163-
183.

Dixon RK, AM Solomon, S Brown, RA Houghton, MC Trexier and
J Wisniewski. 1994. Carbon pools and flux of global forest
ecosystems. Science 263:185-190.

Greenhouse Gas Inventory and Research Center. 2019. National
Greenhouse Gas Inventory Report 6. Greenhouse Gas In-
ventory and Research Center of Korea. Seoul. pp. 261-305.

Hur TC, SH Joo and HJ Cho. 2009. A comparison of the soil
physicochemical properties of the forest stands in the
Young-il erosion control district. J. Korean Soc. For. Sci.
98:444-450.

Jeong JH, KS Koo, CH Lee and CS Kim. 2002. Physico-chemical
properties of Korean forest soils by regions. J. Korean Soc.
For. Sci. 91:694~700.

Jin HO, MJYi, YO Shin, JJ Kim and SK Chon. 1994. Forest Soils.
Hyangmoonsa. Seoul. p. 325.

Jung MH, HH Kwon, TH Kim, GS Choi and SL Kim. 2010. Char
acteristics of soil chemical and microbiological properties in
abandoned coal mine forest rehabilitation areas. Korean J.
Soil Sci. Fert. 43:546-551.

Jung MH, YS Shim and TH Kim. 2011. Characteristics of soil
chemical properties in abandoned coal mine forest rehabili-
tation areas in Hwasun, South Jeolla province. Korean J. Soil
Sci. Fert. 44:1010-1015.

Jung MH, HH Kwon, YS Shim, TH Kim, HS Jang and SL Kim.
2012. Stand structure of forest rehabilitation area in re-
claimed coal mine. pp. 55-58. In: Proceedings of the Annual
Meeting of Korean Society of Forest Science. Korean Soci-
ety of Forest Science.

Kim GH, GY Kim, JK Kim, DM Sa, JS Seo, BK Son, JU Yang, KC
Yum, SE Lee, KY Jung, DY Jung, YT Jung, JB Jung and HN
Hyun. 2006. Soil Science. Hyangmoonsa. Seoul. p. 203.

Kim JG, SK Lim, SH Lee, CH Lee and CY Jeong. 1999. Evalua-
tion of heavy metal pollution and plant survey around inactive
and abandoned mining areas for phytoremedation of heavy
metal contaminated soils. Korean J. Environ. Agric. 18:28-
34.

742 ©2020. Korean Society of Environmental Biology.

Kim JH, JH Lim, KYi, IK Lee and YH Jeong. 2012. Effects of sail
covering depth and vegetation base materials on the growth
of Lespedeza cyrtobotrya Mig. in abandoned coal mine land
in Gangwon, Korea. Korean J. Env. Res. Tech. 15:61-67.

Kim KM, JB Lee, ES Kim, HJ Park, YH Roh, SH Lee, KH Park and
HS Shin. 2011. Overview of research trends in estimation of
forest carbon stocks based on remote sensing and GIS. Ko-
rean J. Assoc. Geo. Info. Studies 14:236-256.

Kim S. 2018. Multi-site assessment of thinning effects on soil
carbon and microbial properties across temperate pine, oak,
and larch forests. PhD Thesis. Korea University, Seoul.

Kim S, G Li, SH Han, H Chang, HJ Kim and Y Son. 2017 Differ
ential effects of coarse woody debris on microbial and soil
properties in Pinus densiflora Sieb. et Zucc. forests. Forests
8:292.

Kim S, G Li, SH Han, HJ Kim, C Kim, ST Lee and Y Son. 2018.
Thinning affects microbial biomass without changing enzyme
activity in the soil of Pinus densiflora Sieb. et Zucc. forests
after 7 years. Ann. For. Sci. 75:13.

Kim SW, JT Kang, SH Jeong, SJ Lee, H Park and YM Son. 2014.
Stand growth analysis and carbon stocks/removals assess-
ment on forest growth monitoring plots in Korea. Korean J.
Agric. Life Sci. 48:11-19.

Kim TJ. 2013. The species selection and planting guidelines for
street tree to reduce road atmospheric carbon dioxide. Kore-
an J. Inst. For. Recreation 17:131-144.

Korea Forest Research Institute. 2010. Survey Manual for Bio-
mass and Soil Carbon. National Institute of Forest Science.
Seoul.

Korea Forest Research Institute. 2011a. Tree Volume Biomass
and Using Stand Yield Table. National Institute of Forest Sci-
ence. Seoul.

Korea Forest Research Institute. 2011b. Carbon Emission Factors
and Biomass Allometric Equations by Species in Korea. Na-
tional Institute of Forest Science. Seoul.

Kwon HH, YS Shim, JS Lee, TH Kim, JA Kim, SH Yoon and KS
Nam. 2007. Causes and preventive measures of the mine.
Mine Reclam. Technol. 1:5-25.

Kwon SD, HS Jeong, YM Son and YK Park. 2005. Biomass car
bon emissions according to conversion of forest land in Ko-
rea. Korean J. For. Energy 24:10-15.

Lee KH. 2009. Analysis and characteristics of heavy metals in
mines waste water. Korean J. Speleological Soc. 92:9-18.

Lee NY. 2011. Estimation of carbon storage in three cool-temper-
ate broad-leaved deciduous forests at Bukhansan National
Park, Korea. Korean J. Nat. Park Res. 2:53-57.

Lee SJ, JSYim, YM Son and R Kim. 2015. Estimation of the car
bon stock and greenhouse gas removals by tree species and
forest types in Gangwon province. Korean J. Climate Change



Res. 6:303-310.

Lee SJ, R Kim, YM Son and JS Yim. 2017, Estimating litter carbon
stock and change on forest in Gangwon province from the
national foresrty inventory data. Korean J. Climate Change
Res. 8:385-391.

Lee SW and GS Park. 2001. Experimental assessment of forest
soil sensitivity to acidification-application of prediction mod-
els for acid neutralization responses-. J. Korean Soc. For. Sci.
90:133-138.

Min JG, EH Park, HS Moon and JK Kim. 2005. Chemical prop-
erties and heavy metal content of forest soils around aban-
doned coal mine lands in the Mungyeong area. Korean J.
Agric. For. Meteorol. 7:265-273.

Mun HS, MG Jo, HR Jeong, JG Kim, JG Yang and JG Min. 2006.
Chemical properites and heavy metal content of forest soils
adjacent to Donghae and Sungwon abandoned coal mine
lands in Taebaek city. pp. 254-256. In: Proceedings of the
Korean Society of Environment and Ecology Conference.
Korean Society of Environment and Ecology.

Ohno T and MS Erich. 1990. Effect of wood ash application on
soil pH and soil test nutrient levels. Agric. Ecosyst. Environ.
32:223-239.

Perakis SS and LO Hedin. 2001. Fluxes and fates of nitrogen in
soil of an unpolluted old-growth temperate forest, Southern
Chile. Ecology 82:2245-2260.

Pichtel JR, WA Dick and P Sutton. 1994. Comparison of amend-
ments and management practices for long-term reclamation
of abandoned mine lands. J. Environ. Qual. 23:766-772.

Rural Development Administration. 2010. Methods of Soil Chem-
ical Analysis. Rural Development Administration. Jeonju,

Estimation of carbon storage in reclaimed coal mines

Korea.

Schulp CJE, G Nabuurs, PH Verburg and RW Waal. 2008. Effect
of tree species on carbon stocks in forest floor and mineral
soil and implications for soil carbon inventories. For. Ecol.
Manage. 256:482-490.

Shrestha RK and R Lal. 2010. Carbon and nitrogen pools in re-
claimed land under forest and pasture ecosystem in Ohio,
USA. Geoderma 157:196-205.

Sikka R and BD Kansal. 1995. Effect of fly-ash application on
yield and nutrient composition of rice, wheat and on pH and
available nutrient status of soils. Bioresour. Technol. 51:199-
203.

Ussiri DA and R Lal. 2008. Method for determining coal carbon
in the reclaimed minesoils contaminated with coal. Soil Sci.
Soc. Am. J. 72:231-237.

Weil RR, KR Islam, MA Stine, JB Gruver and SE Samson-liebig.
2003. Estimating active carbon for soil quality assessment: A
simplified method for laboratory and field use. Am. J. Altern.
Agric. 18:3-17

Witt C, JL Gaunt, CC Galicia, JCG Ottow and HU Neue. 2000. A
rapid chloroform-fumigation extraction method for measur
ing soil microbial biomass carbon and nitrogen in flooded rice
soils. Biol. Fertil. Soils 30:510-519.

Woo BM. 2000. Evaluation for rehabilitation countermeasures of
coal-mined spoils and denuded lands. Korean J. Soc. Envi-
ron. Restor. Technol. 3:24-34.

Yang JE, YS Ok and YH Park. 2007 Ecological and engineering
forest restoration plan in the mine-damaged area. Mine Rec-
lam. Technol. 1:67-75.

http://www.koseb.org 743



