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M RILEE YT 5, OKEL 2 20T D2 ENTE S, K 14 ([THEDMEL L TO4ET
FIZXT DMMEA = A L %md, BEROIZX, HYOAEMEBZH I LI har Y 77 Eoifl
TN IR E ~DEBITHEDOIEELRET D] LOMRA D=L >TVWEETHD, £-. BELBITA
FUTRETORMENRR bEWESZDHTD, A A VIBETHDLIZEEZRITD] LORMEEAIT=AL
272> TWA,

B 1-4 ([ZEWE A2 T 5, OB IcH 2 MIEE ClAE LAENLS 2 2 & TRIBINIC ALV, fllfasE
ICEENDIEHHECTH LI F U NERBTHEOWEICEEGFTHEE2Z LN TS, QHifaEEDFE @M%
Flhs¥., @R cELMENICEE TR0, OMIE Y VICHIT LR ILHEN, LB AR
RTIF RTHIINETF R, INETFA L ERLEE L7 4 NI F >, ANVRFEML XY
BErEa L, BElbT 5, OFKBS7 = /) — Wb L L8R TR S S, KIaIChRRES &
HBH T D, ©@Fr FURCTREDHERIZLY . XX —&FH L TREBIN 22175, O~@
X, BRI HREE LT HHEWEN TOMmMME#AE, ©IXEmRICEA~EB TR LN L DO T, &
JB ISR L % LR IR COR DM IS I 1T D EEE . S Wiz 22 L Tx 5, LLED X5 7ot
PEA D= ALZEETHZ IR, HEDITERBRICRICK T HMEEZESE TEHEEZ 2605, FaIlBf
HCcERICAET TE D HAEMBDIL, [MLIrOERBMIEELZANICHE LTS EEZ LN,
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OHiE QEIEKO
TRE BREORD ORERATHR

@74 b5 FF
RoNRGEREEALT
fRE

@hNFrBEESL
bl

| U/ o NNl S R - == e = Nl e A 10 55 7
Larcher (2004)% & & IZERK L 7=,
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1.5, WFEREEYMOFIA
1.5.1. 274 bLAT4IT—3 Y

774 N AT 4= —3 =3 (phytoremediation) | (i) ZEMT % phyto & MEH | ZEWKT D
remediation % & O EFE T, HWIZ L > TEREFTORENRWE - iR 2T 5 FiEEShD, %t
LEEAZR BT O TEICANE 2 5 H51E (L) O X9 RAGMWEX VWA, JAHEFE SRR
FAET D RIGES IR E 50T 5 TEORRM 2 LICIR Th D & Shd, 774 L AT 4=
—va FEHICMEENS D, BEERICBEDLHEE L LT TFD 3 2%257 (Alietal, 2013) , @
774 XA LT 279 (phytoextraction) : A OM FEICEHSE A AT - SRS, HLEEA N
VD Z & THBRBORELZITO HIETHL, MBI EHIZEL TV |, B S5 L 22560
2\, @774 NAXETAE— 3 (phytostabilization) : Hi¥)7S - COEE B OB EIE % b
S R KA~ DIEEZ MG 2 HETHY | MAZFKZESELZ LX) BRHMICES L3O
LBEERD LD EFS VR D Z LN TE H(Wang et al, 2017), 7714 hAXETAE— g CTlLE
GROVEHEMBITE L L5, BEEBMMENH VIRROFBENLEENLIMEPHE TCHLLERH D, FLIL
O IL 7 7 A4 NAZETAB—2 a v OFXHFITENEZ 2B (Ali et al,, 2013) | EEMIZH
i CHESB LR L ST DT L BT D FERN L < HESIN TS, @774 R 7 4L b
— 3 =3 (phytofiltration) : /KAEHEY) DIRIZIS W THIEEK D O HA R Z WL - WAE S, KFNHILH
ERETLHETH D, SRS WIZWEY R & OWRMRE THRETTE 2 kL 2 D,

B OPICIE, MESIRE LR E L TORED 100~1000 f5I2ET 2 miRE CHASE 2 &H
THIENTEDMY NANR—=T FaIalb—F—) BWEETIN, "M X—=TFaIalb—F—Z
T7A XA NI a LT TH D, ERNOFITZE, CdDONAR=T F2Ia2Lb—F—7T
HHNTFUNEFFEHNTZBTOT7 7 4 b=X A ST 7 v a U OM%EEHNSH 5 (Zhang et al.,
2017; &5, 2011) , Zhang et al. (2017) OFERICE D ENTHF o NFFAOIHEZ LY 18.2 kg/ha D
Cd, 2738 kglhha @ Zn BN HENOLRETELEDHD, 77 A P AT 7 v a CORREITIE, fEDE
EORE SRXLESBMEICMZ, MGEOEBGBEIRIN LT WVWEEIZH NG NEETH Y (Maetal,
2011) . ¥ L — MAIZHET 52 & ChEN O ESBICHE LV L CTHEMICIIN S8 2 @& 01X ERE
Wb N, THEARG L L — FNEIOEELZETLLENH TS S, LinL, "I ong
A OBFGE B TIIRD ST LAZ < WIERED CAd KON Zn Z WL L 7= EoRIB SN D AERNH TR Y (Zhang
etal.,2017) . 77 A F=I A LTI v a Ly ~OERAEREFEINI LD TH D,

1.5.2. 274 b4 =25

NAN—=T Falalb—F—L 774 b~A =27 (phytomining, F¥EH.) IZHFIHFTEE L S
% (Brook et al., 1998a), 77 A h~A =7 &%, lEEBNPRKRE L, o, HEMENICHRICHEZ EiR
EHEMTE e (Fm7r ) AT SE%, Moo B eR A LB 2 H1ETH D,
B CORIEARBROFER, NiONANRX—T X2 2 b —X—THD7T 77 FEHEY Alyssum bertolonii >
HENLTE S Ni &% 7.2 g/m?, 7 7 U DX 27 BHEY) Berkheya coddii 7> 5B T & 2 Ni &% 11 g/m?
ERAEINZHLH D (Brook et al., 1998a), £72., Auz EFTe AT v IZF L— FHIZEE LT Au 23R
H#E, Auz 7 F7RFal — SICEB S ENRMICEINT 5 2 LA TE LRt 4 R Lo arseid
H 5 (Brook et al., 1998b) . TDMD 7 7 A h~A =2 ZIZHOWTIIHEEE S (2010) 235 LWVLOT
SEIZEI NI,

4.6 WFEMIBITD 77 A4 h~A =27 (phytomining) DFEHIFEI CTHIES KT 5,
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2. EERIRIBEICBETILERARTEET HEY
2.1. [FC&®IC

ARFETIX, BEOBF/AREE (FICHLILEREE) CHAT MM OEB cHLERICET 2 HmERZ2E L0
oo MXHBBRICHIZVAER LIZ0IE, THARE CATT AWM Z IR L TON LIZFENE] Th 5,
BEBAFUERENTOARPHERE CORRICET M LEE DL ELHOLONFET 508, EBED
B CORMEICK LT 2 BIRT 2 BRI, ERENOT —Z 030 L b KM L22 W ATREMEZ B8 L
72720 TH D, 22 TIHENOFZESEE 2, 2.3 TITMEINOWFEER 2888 Lz, EN ST,
EREGHT. TEROKOTLHERBEEDOT —% | 4. WO THEREDOT — & %, 5L & bicia#
Lize NAN—=TFa AL —F—D X I)ITEHEEDOILRERED LIMNCONTH I LT, TESKD
pH (35 LR TR H DRV A L=, O HIEICOWTIEFR 2-1 ICE LD TORLE, 2B, Yo
WA OWTIE THE] ( TR) WD IO Il b L. IR IEAE 2 a4 13 L 22 o 72,
T, RO EHTHRRBENEBNERNGAETH, THROGALRRBESB VR THAEFTTET
WD LTSN b DIZOWTIR, AHZRERE R 5 2 &l Ligdia LT,

#2-1 WHERRSTHRE TOSHT ik
HH Fik
THEOEHICRIRE e, RERERE, 7 o WKFEREIC X DR
mlMHG%m®ﬁA . TOERHEHE L)
WY OEGTLRIEE  WEE - Hilg - %&ﬁk Iz & B RKAL
W) DER HURF - H K (MO ER)

2.2. BERDOEH

IREY) -V AREMIIEER 2-2 12, BARSAITER 2-3 12, BIRITE 2-4 12 NEHUR Lz, SBUEFTIZ DN
T, L4 & ST Lo, KUES ﬁ%@iﬁ CHERERTHSH EE X, AT L,
TP DB HSCHROFLE b RIS ANTZ,

2.3. B DEH

TAREMITER 2-5 10 BASEITR 2-6 1T, BIARITR 2-7 12 ENEIR LTz, W OIFZEHFIZ DN T
m\%%®$§?éi@*#®§%kﬁékﬁx\I%&@%ﬁ%%ﬁbkoik WS CHEH ST
WA BESBEBMEED OTIIIINRETH L b DO H o772, [ESFFERRIIEN ENLREM T R A
T —H_X—R | TETCOMDEPIRFE TRV L 2R L THE#E L, IFICHP 7 FLA%R
9, https://www.nies.go.jp/biodiversity/invasive/
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#2-2 aTKEW - v RE (ENOREERE &0 1ER)

EHUERT T Hith 4 K- HROSHEIHRE HHOZATHBE (mg/ke) 5 H3CHR
Scopelophila cataractae A mg/l RS 5 mm
N Cué6.2 Cu 30800 Satake et al. (1988) Joumal
AMF (OERD) =iy Fe 0.1 Fe 18600 ofBryology 15: 353-376.
RELD bl i
vEYYAT Al 0.1 Al 16100
BhEE
Scopelophila cataractae MEK mg/L F&ME 0-15 mm
&7 - Cu0.8 Cu 1180027470 $Fr (2014) ST r OFRE
S HMIEE) KRl % R 27, pa9.
R
_ Scopeloplhila cataractae Rk mg/L ¥ FH 0-15mm
HEST . Cul3 Cu 1260027600 AT (2014) SR DR
(SHEETR) KRl B HRAHA 2T, pa9.
R
Scopelophila cataractae A mg/L JFUR{E - Cu11400-17800
FU etk = b it Cul2-17 FHEBEAEFIEET (0-3 mm) : Cu 13100 Satake et al. (1990) Joumal
(=< H) Ko S pH5.6-5.8 (K JENEEE (3-6 mm) : Cu 14100 ofBryology 16: 109-116.
EIERET (6-9 mm) : Cu 12500
Jungermannia vulcanicola & me/L F (K - Fe 18700 Satake and Saijo (1974)
Fe 6.8 Limnology and
PO - SR = . pH192.0 Oceanography 19:331—
Fr VRIS 338.
Jungermannia vulcanicola & me/L FIEHE - Fe 12300 Satake and Saijo (1974)
Fels3 Limnology and
BER - R = i it DH 1920 Oceanography 19: 331—

FyyRIAr
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FERUETT P Lk X« HEORHLRRE WO HELRERBE (mpke) i g
1 As0.45 Culs
Scopelophila cataractae A mell aches ‘ Suzuki et al. (2016) Mine
:Ih;&ztuﬂj{ji - As 0.005 Cu0.023 Fed5 Pb2 Zn4 Water Environ 35- 265—
. Fe0.001 Pb0.004 272.
Ry Uy =
7Zn0.880 pH6.7
:As0.1 Cug
. Brachythecium plumosum & me/L et ¢ Suzuki et al. (2016) Mine
gzﬂﬁm . As 0.005 Cu0.023 Fel2 Pbl ZnS5 Water Envizon 35- 265
NEE Y T Fe0.001 Pb0.004 272.
7Zn0.880 pH6.7
A mg/L Witpikaik : As0.02 Cu2
. Rhynchostegium riparioides Suzuki et al. {2016) Mine
Qzﬂﬁm . As 0.005 Cu0.023 Feld Pb08 Zn2 Water Environ 35- 265
T oA A Fe0.001 Pb0.004 272.
Zn0.880 pH6.7
Equisetum arvense T3 mpke # :Cd23Zn1110 Cul7 Pb24 Morishita and Boratynski
e (9 o ki Cd10 Zn 920 ¥ :Cd14 Zn 633 Cu26 Pb 34 (1992) Soil Science and
L G Pl Cu36 Pb36 #F% - Cd 70 Zn 2330 Cu 144 Pb 323 Plant Nutrition 38: 781~
AXF 785.
) o +# mgkg Hi %6 - Fe 400 Cu 55 Mn 25
Equisetum fluviatile
&b . Fe 170000 Al 53000 #FEE : Fe 8000 Cu 450 Mn 100 HEEL (2021) BIEEET
RS v Zn 19000 Cu 11000 F67:122-127
IXRSY " "

Mn 1500 pH7.7
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BRI 2 W4 X HEROGSHAERE WO ESHTHERE (ng/ke) ElliiBg S
. T4 mgke T8E : As 242 Cd 1095 Pb 80 Zn 973 Cu 88
Athyrium yokoscense 5 Van et al. (2006) Soil
RO Hh A . As8l4 Cdll AR As 240 Cd 959 Pb 40 Zn 700 Cu 40 Science and Plast Nutgition
gLl ~E ) R Pb 3464 Zn2422 FHE - As 168 Cd 335 Pb 30 Zn 150 Cu 30 52- 701_710.
Cu343 pHS52 - As 2175 Cd 80 Pb 2040 Zn 1165 Cu 375
Athyrium yokoscense +#  me/ke ¥ : Cu72-1050 Cd 6-167 Usui et al. (1975) Special
B Ay 2 F it Cu 2422232 B Cul3205270Cd1.2- 274 Bulletin of the Collage of
il cd 0.5-23 Agriculture, Ustunomiya
~EJRIY HKCD) 3.6.4.2 University 9: 25-36.
P o4
Athyrium yokoscense T mg/kg IE : Cd 996 Zn 1690 Cu 27 Pb 28 Morishita and Boratynski
ALkRi o B Cd20 Zn 1800 FEM : Cd 287 Zn 290 Cu 11 Pb 30 (1992) Soil Science and
BRI RS Cul40 Pb 141 % : Cd 185 Zn 4710 Cu 498 Pb 1140 f;;a;‘t Nutrition 38: 781~
. T mgkg M¥ :Pb-81 JAT% :Pb-710
Athyrium yokoscense - N
: ~ : ~ 1991
PhiER 8 A Pb 3000-57000 S - Pb~2080 HEAR : Pb-~1530 g 41(6423_ £
~E ) R HE - Pb-2890 iR : Pb 22400
Athyrium yokoscense +8 mgkg WE-H:A21673
P 7 S gy Ag 5669 #: Ag 1745 1E)11 2005) AL HT - 4y
L0 sy BHF%E 53: 161-165.
~ /] 2
Athyrinm yokoscense T mg/kg F 5 : Pb 7.5-1500 o _
. - 1984 .
+ }# : Pb 93-11000 : -
NIE -

19



BRI T WA X TROBTHLBERE WO HILHRRE (mg/ke) B RSCEk
Athyrinm yokoscense +H mp/ks 3£ : €d 716 Zn 6370 Cu 23 Pb 31 Morishita and Bomatynski
&b o ¥ it Cd9.9 Zn920 EH - Cd74 Zn 677 Cul9 Pb 25 (1992) Soil Science and
LGOSk . Cu36 Pb36 # : Cd 24 Zn 11300 Cu 223 Pb 842 Plant Nutrition 38: 781
~E ) FIW 785.
Athyrivam yokoscense +# mekg 3 : Cd 922 Zn 378 Cu 22 Pb 569 Morishita and Boratynski
s D2 g L) Cd47 Zn 10300 A : Cd 393 Zn 228 Cu 34 Pb 615 (1992) Soil Science and
BEPT A . Plant Nutrition 38: 781—
~E R Cu 1260 Pb 1070 H# : Cd 115 Zn 1410 Cu 330 Pb 1400 piy
Athyrium yokoscense T8 mpke 3£ : Cd 451 Zn 1130 Cu 34 Pb 32 Morishita and Boratynski
B D2 g L) Cd14 Zn 1250 A - Cd 316 Zn 992 Cu 30 Pb 27 (1992) Soil Science and
BEPT A . Plant Nutrition 38: 781—
~E R Culll Pbl149 H : Cd 157 Zn 2810 Cu 523 Pb 637 iy
+ : Cu90-275 Zn 76-155 Cd 10-48
Athyrium yokoscense W mefkg ¥ u n )
B s R Cu744-3589 Zn95-672 & : Cu735-5989 Zn 121-644 Cd 4-13 Nishizono et al. (1987)
£l i cd 27 REFEZE - Cu 518-1990 Zn 335-401 Cd 19-36 Plant and Soil 102: 65-70.
A~ F TP e 0 335-40
) T4 mgke 3 : Cu19-32 Zn 692-803 Cd 36-165
Athyrium yokoscense )
&9 o B Cu69-235 7n882-11430 f& : Cu26-127 Zn 11206384 Cd 11-54 Nishizono et al. (1987)
BRPT A2 . 9 P Plant and Soil 102: 65-70.
~E ) R TY Cd23-96 FEHEZE : Cu 154-305 Zn 14464-25654 Cd 215462
_ +# mekg Hi1 ¥ : Cu 24-38 Ni 1-2 Zn 11-57 Pb 30-51
Athyrium yokoscense - ) )
BIRCHIS 5 Cu214-375 N1 813 iB% : Cu43-82 Ni 2-3 Zn 113128 Pb 217278 FLRAE  BRIEARE
. gL * Mg
SR A ~E ) R Zn 117-130 Pb 269-530 AR : Cu 158201 Ni 23 Zn 102-190 Pb 324592 REGIT

pH4.2
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# 23 BAE (ENOFZEHRE &0 1ERK)

BT T W4 X TEROSHELIHRE WHhoshnHRE (mg/ke) B
+# mgke # : Cd32Zn 672 Cu34 Pb 30
Aster fastigiatus Morishita and
Ik - Cd20 Zn1800 % :Cd19 Zn 64 Cu12 Pb 223 Boratynski (1992) Soil
gD Cul40 Pb141 ## : Cd 22 7n 368 Cu 48 Pb 24 Scence and Plant
vATF Nutntion 38: 781-785.
T mpgkg I : Cd 95 Zn 178 Cu 45 Pb 227
Arabis gemmifera Morishita and
wArH - Cd10 Zn920 3 : Cd 95 Zn 296 Cu 45 Pb 365 Boratynski (1992) Soil
BT Cu36 Pb36 # : Cd 158 Zn 695 Cu 222 Pb 2450 Science and Plant
NG YR F Nutrition 38: 781-785.
_ _ T mpgkg # : Cd 1810 Cu33 Fe 648 Mn 128 Pb 383 Zn 20300 Kubota and Takenak
Arabis gemmifera i
Ik ket % Cd83 Cu65 Fe2s % : €d 555 Cu8Fe 123 Mn 21 Pb 1560 Zn 9520 (2003) Intemational
N - Joumal of
gRiLEm Mn113 Pb608 Zn2880 #B : Cd295 Cu109 Fe2040 Mn 74 Pb 2430 Zn 3130 Phytoremediation 5: 197
VA NN & ~201.
(0.1M HCIEEH)
+# mgke 3 : Sb 522994
Paederia scandens
s YV AAES L Sb 472 ¥ :5b453 Wi 6 (2009) BB A
g = . o % . §b39 BAZERREE 15: 17-26.
P X 7
T mgkg # : Cd 6 Zn 466 Cu 16 Pb 254
Cyperus spp. Morishita and
bt Cd20 Zn 1800 3 : Cd2Zn 935 Cul0 Pb 26 Boratynski (1992) Soil
BeRpTRL Cul40 Pb141 8 : ¢d 23 Zn 1560 Cu 52 Pb 67 Scence and Plant
BYY U IV Nutrition 38: 781-785.
T mpgkg I : Cu27Ni 18 Zn27 CAND Pb 20
Sasa veitchii
B S H . Cus504 Ni2l 3 : Cu29 Ni 6 Zn 29 Cd ND Pb 10 Sz - BRI
BELA D EA AR . 7n95 Cd6 HIF% - Cu68 Ni 5Zn 62 CAND Pb 16 FRGETIT—
-
Pb 614 ## : Cu235Ni 10 Zn 116 Cd 18 Pb 160
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R £ £ X TROGELRBE HHOEHEBE (mp/ke) 51 H3CHk
T mgkg % :Cd27Zn 160 Cu 14 Pb 35
Miscanthus spp. Monishita and
Ak sk Ccd10 Zn920 % :Cd2Zn 450 Cu29 Pb31 Boratynski (1992) Soil
BT Cu36 Pb36 1 : Cd 15 Zn 326 Cu 194 Pb 575 Science and Plant
AA%R Nutntien 38: 781-785.
1+ meke 1 -#F : Al 70284 FeND-141 Cu4.5-8.7 Zn 16-78
Miscanthus sinensis
R 3 Hi P Al 54375 Fe 38569 FFEHE - Al 208-1026 Fe 110665 Cu 1027 Zn 15-71 Haruma et al. (2018)
. Plant Species Biology
FIFNEA#H X Cu439 Zn 83 #F : Al 4481852 Fe 2641279 Cu 1440 Zn 28261  33:109_122.
AA
pH 4344 R : Al 17422675 Fe 9031403 Cu 74—108 Zn 33134
T meke 3E : Fe 288 Al 216 Zn 448
Miscanthus sinensis
sk Fe 191616 Al 58474 H#1F3 : Fe 121 Al 147 Zn 597 B - B
BSERE BRERE R ETTR T — ¥
* Zn 18890 #MAE - Fe 842 Al 568 Zn 747
AA
pH 7.6 iBFZ : Fe 7445 Al 723 Zn 848
+# mBgg 7 . 2°Ra 7 mBqg/g
Miscanthus sinensis Shitaka et al. (2002)
o Sk 226Ra 58 %% : “’Ra7 mBo/g Joumal of Nuclear
Uk LIfEfE1E FARE Science and Technology
A% 958-961.
T3 mpkg # ¥ Cul47 Zn 247 CA7
Reynoutria japonica Nishizono et al. (1989)
RESEH S A Cu 2746 Zn 466 2 : Cu 2142 Zn 243 Cd 14 Plant and Cell
fil cdé Physiology 30: 595—
A &K 598.
+8 mgkg # : A1510-829 Fe 114-136 Zn 76-103 Cu 25-29 Fb 16-23
Reynoutria japonica
Bgﬁﬂﬂjj‘ gﬂ2$$$ Zn 87 Cu787 * : A158-78 Fe 24-45 Zn 2737 Cu21-28Pb 5-8 ﬁi&k% N ﬁjﬁﬂaﬁ{k
A TI)SRUNESE g S Pb377 Al 49334 HU T : A1292-575 Fe 121-318 Zn 25-38 Cu 3141 Pb 13-34 FRREDRRT — 2
A &K

Fe 42759 pH 4.6

22
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TRHUR Pt wWmn X - TBOSGETRBE W oSEnRRE (ngke) IR
+# mgke #E : Al 583 Fe872 Zn 207 Cu 83 Pb 3
Reynoutria japorica Luet al. (2021 )Minerals
dlkH pass Al 8490 Fe 46640 % : Al 165 Fe 121 Zn 66 Cu 58 Pb 3 11, 806.
B IR LK r Zn624 Cul292 HIF3 - Al 443 Fe 647 Zn 106 Cu 72 Pb 13 ﬁf;’f;’; ‘;‘(’:ég?’ 103330/
Pb 1368 pH7.5 1 : Al 2207 Fe 3604 Zn 188 Cu 263 Pb 36
/AL BE : Mn 78 Zn 56 Co <0.5 Ni 0.9 Cd 0.5 Okamoto et al. (1980)
Reynoutria japonica .
B s b Fe 110 Cu 10 Pb 0.7 Research Report from the
s SEEL A National Instinte for
. Environmental Studies
A#FY 18: 1-102.
T mpgkg FE:Cu38Ni57n41 CANDPb6
Lysimachia clethroides
B o Si Cu640 Nill Zn300 ¥ :Cu25Ni3Zn43 CANDPb 9 BiaHs - B AR
LA _ Cd15 Pb593 ## : Cu 81 Ni 9 Zn 299 Cd 36 Pb 22 FIRREPRET
FAhwZF
pH 5.0
+# mgke #:Co46Ni 6Zn 145Pb 8
Eupatorium chinense
BE HHh P Cu236 WNi30 X :Cu32Ni5Zn97 Pb3 gD - B
SRIEDEAH Zn28 Pb16l # : CuS5Ni 6Zn 82 Pb12 FRARET 2
bBE R AF
Artemisia indica var. +8 mg/ke % : Cd 30 Zn 742 Cu 49 Pb 38
. L. Monshita and
wkH sis maxumowiczR Cd10 Zn920 % : Cd 10 Zn 168 Cu 24 Pb 236 Bomtynski (1992) Soil
BRI A i Science and Plant
- Cu36 Pb36 12 : Cd 76 Zn 3030 Cu 153 Pb 361 Nutdition 35. T81_785.
Artemisia indica var. +8 mg/ke 3% : Al 454 Fe 824 Zn 164 Cu 45 Pb 12
masimow icaii Luet al_ (2021)Minerals
wr s Si axum Fe 30600 Al 8700 % : Al 65 Fe 156 Zn 161 Cu41 Pb4 11,806.
B LR SR 7Zn226 Cu39l B : Al 843 Fe 3711 Zn 272 Cu 220 Pb 66 hitps://dol.org/10.3390/
IEX minl 1080806

Pb210 pH6.6
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R i | W4 & - HHOEEHILRRE B OEATHERRE (ngke) 51 HI3CHR
T mg/kg #1 35 - Fe 2200 Cu 125 Mn 55
Lespedeza cuneata
;jgg; P Fe 170000 Al 53000 HF#B : Fe 12500 Cu 800 Mn 200 B (2021) BRI
T2 67:122-127.
Zn 19000 Cu 11000
BHOLEFTRR 2R
Mn 1500 pH 7.7
T mpgkg Hi-%B : Ca23 Ni 18 Zn70 CAND Pb 8
Cardamine flexuosa
B . Cu640 Nill HtF#6 : Cu 98 Ni 84 Zn 195 Cd 15 Pb 85 Bk r% - BHEA R
i e Al
pH5.0
Phraom . T mgkg 8 - AKE FOX : Cu30 -89 Zn4l-142
SR A agmites ausiras Cu 4116780 HE 5 (2001) JkigEE
Eit::31: - 31| A WEWEETHE 72: 115
KA Pb 69333 Zn 1055950 —120.
43
pH3.0-6.5
+-4 7% : **Ra 160 mBq/g
o H Phragmites australis 226 126 Shitaka et al_(2002)
BELTA Ra 1420 mBqg/g % : “"Ra27 mBg/g Joumal of Nuclear
Uil A Science and Technology
gV oy 39:958-961.
7K I : Fe 0.1-0.37 Mn 022 U ND-0.79 pg/g FR{EDW
s Phragmites australis , Nakamoto et al. (2021}
iy A A Fe9-15mg/LMn06-1mg/l.  Z : Fe0.03-0.1 Mn 0.03-032 "YUND-0.28 pg/g RIEDW  pinerals 11,1337
ARAHEY z e o hitps://doi.org/10 3390/
GRS ae U 15-46 WL #itR : Fe7-93 Mn 0.9 8 P"U 26 .6-684 pg/g FR{EDW minl 1121337
pPH6.7638
WAK mg/lL 3 : Fe 1922279 Mn 4871628 Cu 11-715 Zn 23-76
Phragmites australis N
BHEERA Fe0.02-117 Mn12-26 ¥ :Fe29-663 Mn132-504 Cu2-54 Zn 1247 Akt EE S MR
e¥EiE  #il KK b (2005) ERE165EE B
Cu0.06-3.1 Zn0.05-1.87 1R : Fe2027-12598 Mn 3092143 Cu35-4927n25-102  spmyiproeomaman s

pH 5.8 (D)
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E2aiE L o: W4 K TROZHILHRRE HHOZATCERE (mg/ke) 1A
HAAK mgl 7 : Fe 106-4265Mn 1215-14227 Cu7-210 Zn12-96
Typha latifolia N
SR A Fe0.02 117 Mn1.226 3 :Fel6-1280 Mn 505-1382 Cu2—60 Zn 14-30 A3 EE S AT
dedEiE gkl KA B (2005) FRE16EEE B
. Cu0.06-3.1 Zn0.051.87 #8:Fe2491 26067 Mn12-1886Cu 30-350Zn43-161  Simthifcaiamiss
pH 5.8 (D)
ik # " (3860 (ng/g IR{LEE) Fe5 17Mn7-18
T Potamogeton fryeri .
S A B8y 2 p/L % : 70U (16-19 (ug/g IRILER) FeaMn2-6 FLl R - REAERRE
UL KA pP——— S EOFAEE L HrAas &
. Fe0.7 Mn 0.8 : 5-25 (pg/ Fe14-17 Mn3 R
FENENE X B o R E AR € 0.7 mg/L. Mn 0.8 mg/L. (5-25 (ng/g e DI G T— F
pH 6.8 1 : P 1770 (pg/g FRALEE) Fe79-98 Mn 1-2
BALE mgkg #1 B3 - Zn 150-220
Cicuta virosa
B H SRR A Cu760-993 Zn273-454  HIF3E : Zn 500-600 1:183_13 e]ts ?l-l 201 :())Pﬁ':
- pecies B1o1ogy N
MHAEER KR Pb 670-798 F@EH : Zn 6000-8000 125,
Fo¥Y
pH6.0
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#2-4 BIAR (EHNOHTEEHE &9 1ERK)

B ] Lt K- HROEHETRRE WHOSHETRRE (mg/ks) ZIHCAR
3 A :
Clethra barbinervi ol L % : Mn 1350 Zn 360 Co 8 Ni 6 Cd 8 - ea:::ml'(lzzo)th
Fel20Cul2Pb1 Research Report from the
et IR LR Naticnal Institute for
LA , Environmental Studies
Vay7 18:1-102.
- me/ke % : 7n 190450
Clethra barbinervis Yamaji et al_(2016) PloS
B EH S Cu436-644 7Zn132-193 #% : Zn 100-220 Pb 40280 ONE
AL LA Pb 492-779 AR : Cu 150-250 Zn 150-350 Pb 280-800 DOL:10.1371/joumnal.pon
Yams e.0169089.
pH3.6
T mg/kg % . Cd 80 Zn 800
Gamblea & Takenaka et al_ (2009)
Cd19 7Zn78 eta’.
P HIEILIER Environ Geochem Health
S JU (0.1IM HCIEEHD) 31:609-615.
- me/ke % : Cd80Zn 750
Gamblea & Takenaka et al_ (2009)
Cd7 Zn76 etal.
B Py IR LR Environ Geochem Health
el JU (0.1M HCIFEH) 31:609-615.
18 me/ke # : Cd 13-51 Zn 200-300
Gamblea immovans Sakurai et al. (2019)
R Pt Cd1.1-1.5 Zn27-63 Intemational Joumal of
S HIRIETRI pH4 Phytoremediation
2B TR 21: 217-223.
(0. 1M HCIEEH)
18 mg/ke % : Al 307-347 Fe 225-293
Salix reinii . .
it Al 1920919644 % : Al 322-370 Fe 101-125 FPERTE - RECETRLF
P BFsE L FSUHE & 3t
N Fe 3700944444 HIFZ : Al 513-809 Fe 191-277 IR — &
pHS5.0-52 HAR : Al 49455634 Fe 4118-4589
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BBURT R Wit A TEROZHILERE YOS HALHERE (mgkg) E{1iiB AN
N +%¥ mg/ke % : Fe58—1484 Cu6—94 Zn 46 —397
INUS derisy; a o 2,
ks Fe 135100-197705 Al : Fe101—776 Cul17—996 Zn76—473 FBRE - REVERESE
S T TRE, SEROAZ
ENRES S Cu 8597-12857 R : Fe3234— 18760 Cu623—2500 Zn 600 2478 L R [r{ff— ¥
7n 15281-22818 pH 7.7
r o 1% mpgke # : Al 800 Fe 100 Mn 1800 *U0.13 pg/g KLDW
s od ridh ‘ ‘
T - " Al9924 Fo6163 Mn40 R : Al 1000 Te 300 Mn 100U 57 ng/g RAvDwW  ABIREF - RIEEREF
Ukl 2378 3] . WL & B & o3t
- 5 A —
BCHREVES IR ug/g [l et d
pH43
r o 1 mg/ke 3E : Al 300 Fe 400 Mn 1100
oxicod on trichocarpum N .
BEECH S Al 11482 Fe 5983 AMAR © Al 6000 Fc 2000 Mn 200 PR - REVEIRESF
#h Ll EA A IR BB W L HF e L o3t
N Mn202 Cu77 Pb118 RIS — &
pH 4.8
w3 £ : *°Ra 18 mBg/g
Toxicodendron trichocarpum -~ Shitaka et al. (2002)
P I °Ra 66 mBg/g % : ?°Ra27 mBg/g Joumal of Nuclear
UKL i ARt Science and Technology
YUy 39: 958-961.
Rinss chimemmes TR mg/kg %E : Al 390 Fe 100 Cu 50 Mn ND Zn 350
chma!sls
BAECH S— Zn82 Cu 604 % : Al 600 Fe 100 Cu 200 Mn ND Zn 250 B s - BRI
Rl A o Mn 135 4R - Al 1350 Fe 500 Cu 200 Mn ND Zn 400 PREFRT —F
o
pH 52
% % : °Ra3 mBy/g
Acer rufinerve " 1 Shitaka et al_(2002)
P = °Ra 47 mBg/g % : ¥*Ra7 mBqg/g Joumal of Nuclear
Uk L AR AR LI Science and Technelogy
U INTHTT 39: 958-961.
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£ 3T i it 4 X - HEOGHEARRE WEHOSHEARRE (mg/ke) B Hscuk
Overcas Jicn TRl L 3 :Mn350Zn28 Co<05Ni2Cdo0.1 Okamoto et al. (1980)
B i A Fe42 Cu 12 Pb 0.3 Research Report from the
FIEILTEN National Institute for
Sl - _ Environmental Studies
IAFT 18: 1-102.
W % *2%Ra 7 mBg/g
Quercus mongolica Shitaka et al. (2002)
126p. 226
P EHE I a 66 mBq/g ¥ : “"Ra 10 mBg/g Joumal of Nuclear
USEILgRRH Science and Technology
I ;("j—-'j 39:958-961.
s serrata AL #E :Mn320Zn30Co<05Ni2Cd 0.3 Okamoto et al. (1980)
B EH Fe61Cu 12 Pb 0.6 Research Report from the
ﬁﬁlﬁﬁﬁ]\ National Institute for
i _ Environmental Studies
Tr7 18: 1-102.
w3 % : “Ra 7 mBy/g
Quercus servata . 26 Shitaka et al. (2002)
I EH S VIS *Ra 66 mBg/g *¥:"Ral3 mBg/g Joumal of Nuclear
U ILERFk i Science and Technology
atz 39:958-961.
b e R} % : Cu5-18 Zn 1940 Pb ND
cuba japonica
BE sRCH T - Cu 284-393 #2 : Cu36-154 Zn 340-1736 Pb 17-863 pDLOY;I;a };-;f ;’tg)”l)
- IS T 0 -
SEILERAEF A Zn 88.0-216 Pb 382-186 e0257690.
TAX
pH A7
e ] # : Cn 14-46 Zn 207-290 Pb ND-39 A17607-10109
Ewrya japonica
B sy " Cu281-650Zn 82170 ¢ - Cu32-97 Zn 292-353 Pb ND-109 A12222-2643 B - WA RS
SEIL BB EA S Pb 166877 FFiR : Cu41-177 Zn 170-213 Pb 63882 A11930-2646 UGl v
|

Al 40261650626 pH42-47

28
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BIUERT L] L Ed A - HEOGHERRE WO EGETHKRRE (mg/kg) 51 3CHk

18 mg/kg 2 : Al 950 Fe 250 Cu ND Mn 800 Zn 400
Neolitsea sericea
B s B, Zn14 Cu272 % : Al 800 Fe 250 Cu ND Mn 200 Zn 400 P KB . R AL
- m -
S B B Mn 198 HIHR : Al 2500 Fe 700 Cu ND Mn 50 Zn 400 W T~

e
pH5.2
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F2-5 VXN (A OBFREHE X0 ERD
IR it 4 A - HEOSHRRE EHOSHEARRE (mg/ke) FL RS
Preridium aquilinum var. 138 mglkg B FE :PLb74Zn 198 Cu6Cd 4
Pb/Zn #\LEEFEE latiusculum Pb 18423 Zn 16745 R :Pb645Zn 772 Cu34Cd 7 Shu ot al. (2005)
AN Restoration Ecology 13:
(Fankou « H[H) ~ Cu710 Cd77 19-60.
TS5E
pH 5.5
Pteridium aquilinum var. 1 mglkg E:Pb9As7Sb01
LaPetite . Waenat et al. (2014)
latiusculum Pb 2537-9304 :
Faye AufRI TR AN £ :Pb57As8Sb 0.1 Environmental Geochem
(75 %) S As 5465-41900 HiT% : Pb 270 As 893 Sb 39 & Health 36: 783-795.
Sb 103530 pH 3845
1= FE :Zn307Pb 324 Cd<5Cu 34
Pb, Zn, Cu Equisetum ramosisti % mg/ks L " Deng et al (2004)
#\L T it . Zn 4612 Pb 11161 ## : Zn 1648 Pb 2135 Cd 22 Cu 189 ; .
. A NE Enviromental Pollution
(Jin chuantang - . Cd 46 Cu 649 132: 29-40.
) Pl 7.6
L T mgke I : Mn 2000 Pb 100 Cd 2
Xiantan MngE )1 Pteris vittata )
Mn 151684 Pb 6005 ¥: Mn40Pb4ccd1 Liu et al. (2006)
FENENF A A E :
(MR - HE) BT TwH
pH7.45
:As 04
Thelypteris palustris i me/ks ® s
Gilgok Au &1L o SR As 213560 Min et al_(2021)
(W) P 7.08.7 Sustainability 13: 3421.
BRAH —
1 : As 0-8
Thelypteris palustris # melks ® A
Gilgok Au #E1I o F i As 55-1378 Min et al. (2021)
e - pH 6.67.3 Sustainability 13: 3421
BRAH o
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AR it T4 K- HEOSEERRE EHOEZEARRE (mg/kg) 51Tk
:As7Cd 5Pb 90 Zn 152
Baoshangf 1L Equisetum ramosissimum i mg/ks b s Pan et al_(2019)
FR VNS A - As 2050 Cd 47 # : As 20 Cd 7 Pb 192 Zn 224 Environmental Science
(Pb, Zn, Ag) . Pb 12527 Zn 5999 and Pollution Research
(WiFE - ) ARXF7Y L 6.9 26: 23583-23592.
Baoshan@f|1| Preris ensiformis T mghkg Hi E{E : As 1091 Cd 63 Pb 1347 Zn 296 Pan ot a.(2019)
FENENF A o SR As 931 Cd 395 ## : As 1047 Cd 11 Pb 114 Zn 118 Environmental Science
(Pb, 7n, Ag) and Pollution Research
2 2 . Pb 14054 Zn 6577 |
(MEE - ) Favy pH 7.2 26: 23583-23592.
Baoshan&)Li Woodwardia japonica +H mpke Hi 5B : As 62 Cd 9 Pb 436 Zn 257 Pan ot ol (2019)
FR VNS A o F R As 2050 Cd 47 # : As 9 Cd 3 Pb 77 Zn 143 Environmental Science
(Pb, 7n, Ag) Pb 12527 Zn 5999 and Pollution Research
(e - ED FFAHT= LH 6.9 26: 23583-23592.
) L HERY mg/kg HEYfk 24K : Cd A3 Ni 296 Pb 27
Baiut §1 Equisetum fluviatile cd1l6 Nil19 Popa et al. (2019) Studia
Lapus)I| v : UBB Chemia IXIV, 2,
(N—==7) IR Pb 43 Tom I1,457-469.
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#2-6 FAMH (S OBFTEEE X0 1ER)

R B W4 A HEOZHETHERE WhoE LHRE (ngks) S H3CHk
T mp/ke # L% : Pb277 Zn250 Cu19 Cd 1
Pb/Zn 810 Setaria viridis
£ FE Pb11558 Zn 10011 # : Pb 444 Zn 415 Cu32 Cd 0.9 Shu et al. (2005)
. 14 R R Restoration Ecology 13:
(Huangshaping Cu204 Cd134 49-60.
FH) =/ 2uiy
pH 7.7
T8 m Hi & - Pb272 Zn 489 Cu 48 Cd 4
Pb/Zn 8511 Setaria viridis ehe 8
£ Pb2462 Zn 1794 # : Pb 655 Zn 853 Cu87 Cd 7 Shu et al. (2005)
. 1A ER Restoration Ecology 13:
(Shuikoushan - Cu 106 Cd21 49-60.
) T)ausy
pH 7.6
T mpke i EE - Pb 188 Zn 531 Cu32Cdé6
Pb/Zn 510 Setaria viridis
E%ﬁ s Pb1120 Zn 833 # : Pb 254 Zn 741 Cu 51 Cd 9 :‘:: etal. (2‘]’5‘15)1 .
1 HA toration Ecology 13:
ine - Cul97 Cd5 49-60.
(Taoling - FF1[=]) T)aadY
pH 8.2
+H mg/ke 3 :Mn1191 Cd11 Pb 189 Zn 71 Cu27
Pingle Mn#i (L) Setaria viridis Liu et al. 2020)
B ANENA A - Mn 8363 Cd12 %: Mn 351 Cd 10 Pb 179 Zn 54 Cu 27 Environmental Science
. 1 A .
ULET T BRA Pb164 Zn287 Cul36 ## : Mn 658 Cd 25 Pb 537 Zn 199 Cu 101 and Pollution Rescarch
X - =) xanadY 27: 19933-19945._
pH 5.0
1% m #1 %6 : Pb 136 Zn 446 Cu 28 Cd 1
Pb/Zn 8511 Eleusine indica ehe .
giy vt Pb 11558 Zn 10011 # : Pb 287 Zn 550 Cul5Cd1 Shu et al. (2005)
. 1EE TR Restoration Ecology 13:
(Huangshaping Cu204 Cdi134 49-60.
e F v
pH 7.7
T mpke #EE - Pb1547Zn 431 Cu34 Cd 5
Pb/Zn 9511 Eleusine indica ;
giy vt Pb2462 Zn 1794 f# : Pb212 Zn 816 Cu 62 Cd 9 Shu et al. (2005)
. 1EE TR Restoration Ecology 13:
(Shuikoushan * Cul06 Cd21 49-60.
) ol
pH 7.6
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BRIBUR g2l o K - HBOESHTRBE W OEHTHERE (ng/ks) IR ER
+% mp/ke 3% : As 34 Cd 16 Pb 1065 Zn 2471
Eleusine indica
k& BB As 150 Pb 5800 B : As 22 Cd 44 Pb 910 Zn 2021 Sun et al. (2016)
s (e 1A Ecological Engineering
) Cd 105 Zn 16000 86: 60 68.
Fe i
pH 6.5
T mgkg I : Mn 2342 Cd 12 Pb 107 Zn 97 Cu 46
Pingle Mndi (L) Eleusine indica Liu et al. (2020}
SV A A Ve Mn 8363 Cd12 %: Mn 1388 Cd 11 Pb 45 Zn 63 Cu 49 Environmental Science
UREF 7 BRE Pb164 7Zn287 Cul36 £ : Mn 887 Cd 11 Pb 452 Zn 76 Cu 48 and Pollution Rescarch
X - JH) Fe R 27: 1993319945,
pH 5.0
T mpke i L-EB : As 64 Cd 76 Pb 2798 Zn 1133
Pingle Mndi (LI Eleusine indica Panet al. (2019)
SV A A Ve As 2050 Cd47 # : As 143 Cd 48 Pb 7474 Zn 34 Environmental Science
(URWEF U EEHE Pb12527 Zn 5999 and Pollution Research
K - &) FE v 26: 23583-23592.
pH 6.9
+H mg/ke 3 :Mnl1301 Cd8Pb4Zn0.2 Culé
Pingle Modii (L) Digitaria violascens Liu et al. (2020)

B ENTNF A - Mn 8363 Cd12 %: Mn1117 Cd9Pb39Zn0.4 Cul8 Envionmental Science
ULET T BRA Pb164 Zn287 Cul36 # : Mn434 Cd9 Pb 33 Zn 0.2 Cu 18 and Pollution Research
X - Pi=) THEAEL N 27:19933-19945.

pH 5.0
T+ me/ke 3E : Mn 827 Cd 12 Pb 456 Zn 94 Cu 63
Pingle Mgk (L) Ageratum conyzoides Liuet al. (2020}
SV A A Ve Mn 8363 Cd12 #: Mn 1254 Cd 26 Pb 400 Zn 80 Cu 50 Environmental Science
UREF 7 IRER § Pb164 Zn287 Cul36 ## : Mn 375 Cd 10 Pb 338 Zn 39 Cu 38 andPollution Rescarch
X - Pi=) Hyag TP 27: 19933-19945_
pH 5.0
+% mg/ke 3% : Mn 446 Cd 13 Pb 651 Zn 129 Cu 58
Pingle Mndi (LI Aster subulatus Liunet al. (2020)
SV A A Ve Mn 8363 Cd12 %: Mn 181 Cd 6 Pb 232 Zn 61 Cu 30 Environmental Science
UREF 7 IRER Pb164 Zn287 Cul36 ## : Mn 91 Cd 6 Pb 227 Zn 58 Cu 28 and Pollution Research
K - i) RAFE 27: 19933 -19945.

pH 5.0
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BRIBUR g2l WA K - HBOESHTRBE W OEHTHERE (ng/ks) IR ER
+H mg/ke 3E : Mn 2805 Cd 10 Pb 581 Zn 103 Cu 30
Pingle Mn#; LI Echinochloa crus-galli Liu et al_(2020)
B SFNA A e Mn 8363 Cd12 %: Mn 578 Cd 11 Pb 532 Zn 133 Cu4l Environmental Science
: VA A :
URET 7 HRH I Pb164 Zn287 Cul36 # : Mn 165 Cd 7 Pb 473 Zn 53 Cu 60 and Pollution Rescarch
K - i) AT 27:19933-19945.
pH 5.0
T mgkg 3 : As7Cd2Pb 173 Zn 968
Pharbitis nil
k& BB - As 1200 Pb 3000 # : As 9 Cd 3 Pb 146 Zn 635 :c““lﬁ ?‘cﬁiﬁ) )
1 L. N ologi gineering
Bt () Ccd30 Zn1200 86: 60—68.
T HA
pH7.5
T mgkg I : As 27 Cd 9 Pb 1031 Zn 3173
Calystegia hederacea
k& BB - As 1200 Pb 3000 # : As 21 Cd 6 Pb 690 Zn 1235 :c““lﬁ ?‘cﬁiﬁ) )
1 L. N ologi gineering
Bk () Cd30 Zn1200 86: 60-68.
= %
pH7.5
+H mg/ke 3 : As 20 Cd 33 Pb 686 Zn 1690
Hunndus japonicus
S EMMT  1EEL LS As 1200 Pb 3000 # : As 20 Cd 23 Pb 1394 Zn 1387 S““l"t alcf‘”ﬁ)
Ecological Engineering
bR (PE) 3 SAEEREER _ Cd30 Zn1200 86: 60 68.
HF AT T
pH7.5
+H mg/ke 3 : As3 Cd 10 Pb 67 Zn 1219
Chenopodium album
JE6k & IR BB o As 1200 Pb 3000 f# : As 7 Cd 5 Pb 218 Zn 600 :c““lﬁ ?‘cﬁiﬁ) )
1 L. N ologi gineering
B () , cd30 Zn1200 86: 60-68.
oW
pH 7.5
435 mg/kg 3% : As 6 Cd 56 Pb 335 Zn 1036
Solanum nigrum
k& BB - As 150 Pb 5800 # : As 47 Cd 53 Pb 1854 Zn 2291 :c““lﬁ ?‘cﬁiﬁ) )
1 L. N ologi gineering
Bri (D) cd 105 Zn 16000 86: 60—68.
A XRFAXHx

pH 6.5
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BREBURTIT REIR W4 K HBOEATHRBE YOS ATHERE (mg/ke) J| Fscik
+H mg/ke 3E : Mn 5000 Pb 75 Cd 4
Graphalium affine
Xiantan Mn# (L Mn 151684 ¥: Mn 2500 Pb40Cd 4 Liuet al. (2006)
BE NS b VRARLA Pedosphere 16: 131-136
(R - ) . Pb 6005 Cd68 ## : Mn 500 Pb 120 Cd 4 P : :
NN
pH 7.5
i mp/kg pH 6977 As43-83  #1L#5 : As6 Cd 4 Cu49 Ni4Pb7347Zn 667 Sb56
Oued el Heimer - Capsella bursa-pastoris
Touissite Vs Cd15-36 Cu328-1405 18 : As4 Cd 4 Cu 66 Ni 4 Pb 850 Zn 587 Sb 27 Hasnaoui et al_ (2020)
Pb/Zngk (L 3k 54 Ni9-16 Pb 644518324 Plants 9: 1458.
(e v b + X
Zn 20965387 Sb97-243
1% mp/kg pH 6.9-7.7 As 4383 HEE : As0.3 Cd2Cul0Ni0.5Pb47
Oued el Heimer— Rapistrum rugosum
PO/Zndiil Ni9-16 Pb6445-18324 # : As1Cd2 Cu 14 Ni 1 Pb 455 Plants 9: 1438.
Q=S R=F i} XY HT
Zn 20965387 Sb97-243 Zn 240 Sb 2
T mpkg # E¥ - Cu44 Zn 118 Pb 33 Cd 10
i Portidaca oleracea Midhat et al_ (2019)
Bir Nehass Znfik | Cu2201 Zn?21498 ## : Cu 26 Zn 108 Pb 27 Cd 16 Ecotoxicolory and
By
(o amthi 1A A Environmental Safety
) 2y P Pb6157 Cd52 169: 150-160.
pH 2.7
+H mg/ke 3 : As 20 Cd 33 Pb 686 Zn 1690
Humulus japonicus
e RIS 1445 LS As 1200 Pb 3000 ## : As 20 Cd 23 Pb 1394 Zn 1387 :c““lﬁ ?‘cﬁiﬁ) )
ologi gineering
bR (PE) S EAEREA B cd30 Zn1200 86: 60—68.
HF AT T
pH 7.5
+3% mg/ke 156 - As 195 Cd 96 Pb 1255 Zn 639
BRaoshan#i 1) Saussurea japonica Panet al. (2019)
SSFR As931 Cd395 # : As 14 Cd 157 Pb 602 Zn 408 FEnvironmental Science
(Pb, Zn, Ag etc) 258 Pb 14054 Zn 6577 and Pollution Research
iR - PIE) e S s 26: 2358323592,

pH 7.2
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TRHUR PLE o A - HBOSHTRRE oS AR RE (ngke) IR
+H mg/ke 3E : Mn 473 Cd 5 Pb 142 Zn 42 Cu 30
Pingle Mn#; LI Miscanthus floridulus Liu et al_(2020)
SV A A poss Mn 8363 Cd12 %: Mn 564 Cd 6 Pb 136 Zn 62 Cu 40 Environmental Science
URHF YV BEH TR Pb164 Zn?287 Cul36 ## : Mn 433 Cd 5 Pb 126 Zn 157 Cu 41 and Pollution Rescarch
K - i) FET AR 27: 1993319945,
pH 5.0
T mgkg I : Mn 726 Cd 4 Pb 52 Zn 54 Cu 21
Pingle Mndi (L) Paspalum orbiculare Liu et al. (2020}
SV A A sk Mn 8363 Cd12 ¥: Mn 622 Cd 7 Pb 136 Zn 120 Cu 30 Environmental Science
VRS 7 KRBT Pb164 Zn287 Cul36 £ : Mn 306 Cd 6 Pb 201 Zn 103 Cu 72 and Pollution Rescarch
K- pE) AXRA)aAPT 27: 1993319945,
pH 5.0
T mgkg I : Mn 1422 Cd 21 Pb 280 Zn 148 Cu 73
Pingle Mndi (L) Eragrostis bulbillifera Liuet al_ (2020)
SV A A sk Mn 8363 Cd12 *: Mn 853 Cd 26 Pb 293 Zn 345 Cu 82 Environmental Science
UREF T HRH Pb164 Zn287 Cul36 ## : Mn 1171 Cd 49 Pb 875 Zn 542 Cu 188 and Pollution Rescarch
K - &) A FAZAHY 27: 19933-19945.
pH 5.0
1% mg/ke 3E : RaT
Pingle Mndi (LI Elephantopus scaber Liunet al. (2020)

B ENTNF A s Mn 8363 Cd12 %: Mn 1152 Cd 5 Pb 150 Zn 105 Cu 26 Environmental Science
URHF YV BEH TR Pb164 Zn?287 Cul36 ## : Mn 107 Cd 10 Pb 629 Zn 85 Cu 38 and Pollution Rescarch
X - =) T ARIFY 27: 19933-19945._

pH 5.0
+H mg/ke 3 : Mn 2369 Pb41 Cd 2
Phytolacea acinosa
Xiantan Mng L) Mn 151684 *: Mnl575Pb32Cd1 Liu et al. (2006)
IS A BEERA Pedosphere 16: 131-136
. Pb 6005 Cd68 f:Mn717Pbl14Cd1 : :
(I« ) ey
pH 7.5
+5 meke # L% - Pb 445 Zn 996 Cu 19 Cd 16
Imperata cylindrica var. major
Ph/Zn 851l £ Pb 18423 Zn 16745 # : Pb 1303 Zn 1483 Cu 126 Cd 12 Shm et al. {2005)
SEEL A Restoration Ecology 13:
ankou, F7H)
(Fankou, Cu710 Cd77 49-60.
FHY
pH 5.5
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TRHUR PLE o A - HBOSHTRRE oS AR RE (ngke) IR
+H mg/ke 3E : Mn 473 Cd 5 Pb 142 Zn 42 Cu 30
Pingle Mn#; LI Miscanthus floridulus Liu et al_(2020)

B SN A P Mn 8363 Cd12 %: Mn 564 Cd 6 Pb 136 Zn 62 Cu 40 Environmental Science
URHF YV BEH TR Pb164 Zn?287 Cul36 ## : Mn 433 Cd 5 Pb 126 Zn 157 Cu 41 and Pollution Rescarch
X - Pi=) FFTAAXR 27: 19933-19945_

pH 5.0
T mpke #EEE : Pb 103 Zn343 Cu2l Cd2
Miscanthus sinensis
Pb/Zn #1110 SEREHE Pb 11558 Zn 10011 ## : Pb 796 Zn 960 Cu 86 Cd 3 Shu et al.(2005)
S toration Ecology 13:
(Huangshaping, FHEEET AR Restoration Ecology 13
) Cu204 Cd134 49-60.
— ARFR
pH 7.7
+5 mp/ke 3£ : As 14 Cd 27 Pb 1060 Zn 1704 Sun et al. 2016)
Kalimeris indica Ecological Engineering
I8k & JE BUBETT As 150 Pb 5800 ## : As 6 Cd 12 Pb 466 Zn 520 86: 60—68.
g (fpy 2 CERA
) Cd 105 Zn 16000
CED S
pH 6.5
. al.(2016)
+#% meke 5 : As 47 Cd 18 Pb 3967 Zn 5508 Sun et a )
Metaplexis japonica Ecological Engineering
8k & JE BBE T As 150 Pb 5800 ## : As 31 Cd 40 Pb 2772 Zn 4139 86: 60 68.
g (hEy 2 TREA
) Cd 105 Zn 16000
HHAE
pH 6.5
+H mg/ke 3E : Pb 328 Cu 110 Cd 4 Ni 61 Fe 1436
. Urtica dioica o
Kishnica g1 Pb3107 Culd Cd 4 % : Pb17 Cu31 Cd 1 Ni 10 Fe 376 Bislimi et al. (2021)
{(HajvaliKishnica = SHEETEAR Joumal of Ecological
. 2V RERE) IS Ni 277 Fe 6010 ## : Pb 108 Cu67 Cd 1 Ni 23 Fe 1072 Engineering 22: 1-7.
7
PHSEL L (5 HHERD)
3% mg/kg pH6.9-7.7 As 43-83 Hi B3 - As3Cd2 Cud0Ni 3 Pb832
Qued el Heimer— Lotus cornicul atus
Touissite sis Cd15-36 Cu328-1405 Zn 171 Sb 15 Hasnaoui et al. (2020)
Pb/Zngi (L s 4 Ni9 16 Pb6445 18324 ## : As 5 Cd3 Cull7 Ni 4 Pb 1493 Plants 9: 1458.
(e adbiEE) Iy

7120965387 Sb 97243
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BRIBUR g2l WA K - HBOESHTRBE W OEHTHERE (ng/ks) IR ER
+% mgke H E3F - As 87 Cd 54 Pb 539 Zn 444
Baoshangi |11 Artemisia japonica Pan et al. (2019)
SR As 931 C€d395 8 : As 11 Cd 7 Pb 159 Zn 147 Environmental Science
(Pb, Zn, Ap) ES and Pollution Research
P Pb 14054 Zn 6577
(e - PE) FhadgEX 26: 2358323592
pH 7.2
T mgkg i LEB : As 701 Cd 490 Pb 4462 Zn 992
Baoshan#i |1} Boehmeria nivea Pan et al. (2019)
BB sk As 931 C€d395 #: As 14 Cd 5 Pb 112 Zn 28 Environmental Science
(Pb, Zn, Ag) Pb 14054 7Zn 6577 and Pollution Research
GHrEE - PE) F R T Y 26: 23583-23592.
pH 7.2
T mgkg i LEB : As 178-251 Cd 9-128 Pb 216-1442
BRaoshan#i 1) Chrysanthemum indicum Pan et al. (2019)
SFTRD LA 25 As 931 Cd 395 Zn 154-528 Environmental Science
(Pb, Zn, Ag) Pb 14054 Zn 6577 i : As 8-105 Cd 3-99 Pb 112-615 Zn 60-329 and Pollution Research
GHrE - PE) D I 26: 2358323592
pH 7.2
+% mgke WP : As36 Cd9 Pb216 Zn 124
Raoshangi; (1) Chrysanthemum indicum Pan et al. (2019)
g As 2050 CdA47 # : As9 Cd0.4Pb49 Zn 59 Environmenial Science
(Pb, Zn, Ap) e and Pollution Research
e Pb 12527 Zn 5999
(WmE - hE) g T 26: 2358323592,
pH 6.9
+% mgke HEF - As 68 Cd47 Pb 719 Zn 374
Baoshang (1) Dianthus superbus Pan et al. (2019)
B XIS A Sk As 2050 Cd47 ## : As 26 Cd 37 Pb 406 Zn 242 Environmental Science
(Pb, Zn, Ag) B Pb 12527 Zn 5999 and Pollution Research
(WmE - hE) TS HTTFF o 26: 2358323592,
pH 6.9
+i& mg'kg H EFF : As 341 Cd 129 Pb 2328 Zn 477
BRaoshan#i 1) Hydrocotyle sibthorpioides Pan et al. (2019)
BUSHET D P As 931 Cd395 f# : As 49 Cd 19 Pb 436 Zn 106 Environmental Science
(Pb, Zn, Ag) Pb 14054 7Zn 6577 and Pollution Research
(R - tiE) F KR TH 26: 2358323592,

pH 7.2
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BRIBUR g2l WA K - HBOESHTRBE W OEHTHERE (ng/ks) IR ER
+3% mgke H & - As 429 Cd 215 Pb 2112 Zn 2506
Baoshangi |11 Rumex acetosa Pan et al_(2019)
BB poss As 931 Cd 395 & : As 10 Cd 52 Pb 226 Zn 394 Environmental Science
(Pb, Zn, Ap) and Pollution Research
Pb 14054 Zn 6577
GHrsE - PE) A 26: 2358323592,
pH 7.2
T mgkg i LEB : As 174 Cd 41 Pb 896 Zn 345
Baoshan#i |1} Sanguisorba officinalis Pan et al. (2019)
BB Si As 931 Cd395 # : As 19 Cd 23 Pb 247 Zn 227 Environmental Science
(Pb, Zn, Ag) Pb 14054 7Zn 6577 and Pollution Research
GHIRE - E) ULEay 26: 2358323592
pH 7.2
T mpke i 1-EB : As 308 Cd 82 Pb 1589 Zn 386
BRaoshan#i 1) Valeriana officinalis Panet al. (2019)
BB Si As 931 Cd395 ## : As 16 Cd 8 Pb 236 Zn 103 Environmental Science
(Pb, Zn, Ag) and Polhution Research
Pb 14054 Zn 6577
GHrE - PE) rAEYH gy 26: 2358323592,
pH 7.2
T mpkg # E¥ - Mo 704 399
Mo 1L Macleaya cordata Wang et al_ (2018)
Mo 340 Zn 254 3 H
FIR=IAV il A, 4N SHELET R ET;DEm;malR:lmm
(IR - =) cdl Pb27 Ni27 and Pollution Rescarch
B =Y 25:26493-26503.
pH 7.6
+3% mgke HEE - As13Cd4 Cr2 Cu23 Hg 0.08
Juncus effusus Peng et al. (2018)
ZodEPR A2 S A As 587 Cd32 Cri2l Pb 211 Zn 1121 Ecotoxicology and
(BEMA - TE) . Environmental Safety
Pt Cu 531 Hg 1215 Pb6041 1B : As 49 Cd 15 Cr 5 Cu 41 Hg 0.23 152: 2018)24-32.
Zn22749 pH6.1 Pb 862 Zn 1686
Hef mg/ke HWitp4atE - Cd 135 Ni 1069 Pb 36
Juncus effusus .
Baiut 8511 LapusJII Cd3 Nid48 Pbéls Popaet al_(2019) Studia
e AR A UBB Chemia LXIV, 2,
(—==7) Tom IL, 457-469.
A4 7Y
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BREBURTIT REIR W4 K HBOEATHRBE WY OEHELHRRE (ng/ke) J| Fscik
HEY mgkg WK : Cd 72 Ni 1366 Pb 124
Myosoton aquaticum i
_L“P“S EEE A UBB Chemia LXIV,2,
N—==7) Tom IL, 457-469.
Ly RV AN= e
HepEY mgkg Witk : Cd 242 Ni 1865 Pb 27
Carex humilis Popa et al_(2019) Studi
i | Cd2 Ni51 Pbé52 opacet al. 2
Baiut $511 EapusJI St A UBB Chemia LXIV, 2,
N—==7) Tom IL, 457-469.
wYRe BT RS
1% mpg/kg #h EF - Pb 351 Zn 689 Cu22
Cymodon dactylon Shu et al_ (2002)
Lechang Pb 2785 Zn 3562 i : Pb 645 Zn 1015 Cu 46 .
,PblZn il SEEL A Environmental Pollution
(A - THE) Cu 198 120: 445-453.
FauFn
pH 6.1
+#% mg/ke LSS : Fe993 Cud3Zn15Mn 113 Ni 6
c i Cudli Ll Verbena bonariensis Afonso et al_ (2020)
amaqua Fe RAIE Cu260 Zn0.9 # : Fe 852 Cu 73 Zn 23 Mn 40 Ni 10 Joumal of Environmental
gInEnSg A SELETR ement 256
(75 B Mnll N9 Manag
Y HY 109953,
pH 6.2
+ mpke H L5 : Cu24 Zn20Pb 0.3 Cd 0.2
Draa Lasfar Cu, Zn, Arundo donax Midhat et al_ (2019)
Pb 8510 sis Cu 1191 Zn 1085 #:Cu30Znl8Pb0OCd 0.1 Eeotoxicology and
(Foy @R Pb1078 Cd156 Environmental Safety
5 BoFy 169: 150-160.
pH 3.6
+3% mg/ke % : Cd ND Pb 14-25 Cu 22-37 Zn 165-502
Ag, Cu, Phiii (L1 Polygonum thunbergii ]
Tl VEA A CIND Pb4-18 % : Cd ND-7 Pb 426 Cu 8-98 Zn 51-444 g::iet ”-(2";’1313 ot
ronment. ollution
(D“;‘é‘fim L KERY sy Cu48 Znl325 #& : Cu ND-10 Pb 76-270 Cu 271-785 126: 235243
TSR
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. JL JT m|
BB A LB K- +EOTATRBE EBOSHATRERE (mg/ke) FFsck
HEREY mg/kg ¥ :7Zn122 Pb40 CdO6
Pb/Zn L1 Typha latifolia
n SEEEA Zn3009 Pb 5686 Hi T3 : Zn456 Pb354 Cd 1.6 Yeet al (1997) New
(Shaoguan - Phytologist 136: 469—
) AW Ccd 20 #:Zn9%46 Pb 1108 Cd 1.5 480.
H-~e
b o HEY me/ks ¥E:Pb4Zn68 CubCdl
agmites australis Stoltz and Greger (2002)
Cu, i:i 1\’;’: :““ﬁm B emmmk Pb2040 Zn 14500 ## : Pb523 Zn 1310 Cu 80 Cd 5 Environmental and
o 7K M Experimental Botany
(R T=mT) H3 Cd52 Cul420 47:271-280.
pH 6.4
58 mg/kg pH 6977 As 4383 i EE - As5Cd 2 Cu66Ni 3 Pb720
Oued el Heimer - Phragmites australis
Touissite EEEEER Cd15-36 Cu328-1405 Zn 433 8b 26 Hasnaoui et al. (2020)
Pb/Zndi| L1 P L Ni9-16 Pb6445-18324 ## : As 4 Cd 3 Cu 67 Ni 2 Pb 2306 Plants 9: 1458.
Q=P E=F A i) g3
Zn 20965387 Sb97-243 Zn 199 Sb 22
HEY me/ke % : Fe 0.04 (%) Pb ND Zn 127 Cu 13 Mn 36 Ni ND
Rudmikgi(lr Phragmites australis i
SAEE A Fe 6.79 (%) Pb1949 HITE : Fe009 (%)Fb18 Zn 61 Cu25Mn53 Ni2 Prcactal.(2019)
HEFEY Botanica Serbia 43: 85—
(EAET) K AEH . Zn1432 Cu761 Mn 1940 1R : Fe 1.12 (%) Pb 675 Zn 443 Cu299 Mn 366 95.

E g

Ni 86
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27 BIAR (S OFTEHE &V 1K)

HEBUETT i 2| W A& - HEOSH LR WHOSATFRRE (mgks) Eliipa
T8 mgkp H1 1-EF - Pb 104 Zn 174 Cu 9 Cd 5
Rhus chinensis
PozZn il B Pb18423 Zn16745 42 : Pb307 Zn276 Cu21 Cd 7 :h“ ctal. (2‘:3‘2)[ s
v estoration ogy 13:
(Fankou - ) B Cu710 Cd77 49-60.
AT
pH 5.5
1 mgkg #i1 56 : Cu 30 Mn 400 Zn 20
. Erica arborea Alvarez et al. (2003) The
San Finx Cudl[LI Cu 274-5421 i
Sdence of the Total
ﬁﬁ% %ﬁﬁ‘-% Environment 313: 185
(A V) Mn 2952105 :
T a 197.
Zn74-895 pHA43
F ] THE mg/ks E : Cu 40 Mn 2000 Zn 100 )
. rangula alnus Alvarez et al. (2003) The
San Finx Cufls[ll Cu 2745421 H : Cua 20 Mn 700 Zn 100 Sdaence ofthe Total
Eﬁ% %ﬁﬁ;ﬁﬁ Environment 313: 185
(Arf V) Mn 2952105 :
I LEOVE S 197.
Zn74-895 pHA43
ou 18 mgks I - Cu 30 Mn 1000 Zn 20 )
. ercus robur Alvarez et al. (2003) The
San Finx Cufi [l Cu 2745421 1% : Cu 30 Mn 400 Zn 110 Scdence of the Total
EHE PR AN .
Mn 295-2105 Environment 313: 185—

Zn74-895 pHA43

197.

<l THE mg/ks 3£ : Cu 30 Mn 1000 Zn 700
. Ix atrocinerea Alvarez et al. (2003) The
San Finx Cugiili Cu 274-5421 % : Cu 30 Mn 400 Zn 400 Science of the Total
e e ] Environment 313: 185—
o4 Mn 295-2105 ;
(A1) ¥R 197.
Zn74-895 pHA43
T mgke 3E : Pb 14-16 As 46-49 8b 0.5-0.7
Betula pendula
Auglih S5 Pb 2537 9304 Bz : Pb 78 84 As 81 87 Sb2 Wanal et al.(2014)
(LaPetite L T Environmental Geochem
Faycfiilll - 752 R) As 5465-41900 i# : Pb 301-311 As 1122-1160 Sb 82-85 & Health 36: 783-795.
EVH R

Sb 103530 pH3.8-4.5
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TRIUR AT A Wit 4, K« HROSH TR WHOSHIHARE (ng/ke) 5 FI3CHR

T8 mg/kg As49-881Cd6-2389 ¥ . Cd2-18 Cr2 Cu8-21 Ni 7-8 Pb 10v599

Salix purpurea Zabergia-Ferati etal (2021
Trepca i1l Cr35-169 Cus59-944 701952950 £:CA3-11Cr2-5Cu6-15 NS 18 pps d;r:m@:m )
(Mitrovica Hhigg - ZXZEIEM Contamination and Tozicology
= v R SEFIE) Ni 83282 Pb 3594662 Pb6-387Zn 109-1876 #t:Cd6-37Cr6-10Cul8-33 " .
N BAIT2YPFF PO
7n 3864482 pH34-72 Ni 18-61 Pb 221986 Zn 2224748
T mg/ke #£ : As04-5Cr03-09 Cu4-20Mn 147-1430 Ni 0.8-6
. Pinus massoniana Wang ct al. (2019)
Machangqi B
qng As1-39 Cr20-385 Cu?25-137 Pb1-377n19-33 % :AsND02Cr03-3Cu27 Toumal of Geoch emical
Cudii. [l i Taing 1) lorati .
(EFE - PE) Mn 195-1580 Ni 12-178 Mn 45-153 Ni 03—4 Pb03—1Zn 13-20 4 : As0.1-1  bxploraion200:159-
= AT TH=2Y 166.
Pb19-102 Zn19-185 Cr2-5Cu5-22Mn 42343 Ni3—71 Pb0.9-4 Zn 17-36
T mgke ZE:As1Cro.8 Cul3Mn428 Ni 4Pb 4 7n 42
Machangqing Pinus yunnanensis Wang et al_(2019)
As1-39 Cr20385 Cu25-137 X :AsNDCr2Cu6Mn49 NilPb0.5Znl18 Joumal of Geochemical
Cudi [l Rk i
(s - ) Mn 195 1580 Ni 12 178 4 : As0.3Cr4 Cu8 Mn 43 Ni 10 Pb2 Zn 21 Exploration 200: 159
= N Ve Y 166.
Pb19-102 Zn19-185
T mgkg FE:U03As02Cd02Co1Cuéb
Castanopsis carlesii
Xiazhuang U111 U32 Asl0 CAND Col0 Mn 1600 Mo ND Ni 2 Pb 3 7Zn 26 Wang et al. (2019)
. ek s Environ Geochem Health
(B3R - D) 5 g Cu6 Mn278 Mol Ni§ 41:2413-2423
» =5 ,:/
Pb94 7Zn53
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3. BHEEMFAICKLSZIEAE
3.1. [FL&IC

G RGEIET ©CITREE IR L HIN K DR T « LS WHEREM OB BN NLE L 20 %, B#lICh-
5 HERE) DRSO 1L . R BIRE OB 2 E 0 BRI E N BEN N SFE R FETH DN, WS
DRMERCHIE 2 & D BIREREE, HEFEWY FR DO MR DS EHMEIC AN D A R BITAEH © & 23R S 1
T2 (BEILEFIERM,1983) . TZWEEE O CTH IR /IR 72 WSS Tl SAFEERARIC K
DREA R THEIRARKIZE > TV D5 H D, —FH. BRMEIZ X D720 OfE TII S AR
KIpEOTEBRMUTEEEGHERARMEA - EELTWAZENLIFLIEH S, Ll HENIC=
TREROEARIZE D FHREBARIN LA E 220 ZEROMER & & W o TZBREZ LI Hags i & 72 5,
ZD1=, NAINCHREAERE 22T 72 DI TR & EARDZABEA~OMEEN R EES L& X
bhd, £, ZHRRRBESRTEE B OHARTIE, WG OBARRRICEDE TIE~O TR, H
WD A ~D E DRI IE D NE L T2 D,

WG ORMbE B 2 T2 L & BROAREES 4 B LIl — iRk e s b0, B
PNZIIRIT 22 b b, TDH, FHMEEZHET HICHTD | TV OREEIZHE L2 2 v
HZENEELRD, —F. WRESER O B0 — o ZHERE OF BT IEAR S 0 | IR TR b
RKOBIND, ZDOXD LGS, ABBEZEM L. ANSHIEINEY 2T 5 2 & TR E
179 &, TERFEDORAZFED, b EARBEEYCEEY & R0 | i TEHRFHDRET 5 Z
EICEEA L, RN BEIND, ZO72D, TEWFESGORMEXIR O AR 235 2 5 & L TiE, frfbEr
B OFERE T, HHICAET 5 2ERENRE (RO FHA~DOFESE N3O B LB OREEE
OB L) ROVEREERE SHHICE X, S0 BT AN EN DS K O FME TEERE L,
i THICEDETLIRLTW Z ERREITH D,

RETIIAAXRA X R R EOBBYIMERIINZ, TH~ry) avy, Y HEFHEE WS T2EBE
WIHIRFE 2 2 BARIZEBIT 28O FFI A2 B9 25 & i, wTEe7efR Y i THod BARA) 7p 50 Tk
R EFHE L, R LR S MO A0 E L=2Y, i T CoRkb B ok, BRI Pz
BT, MOWEMEDOEAK L TIER EORF L TV ZT e B 2 %,

3.2. BXEYZEF ARG RIS

HARMMOET T 25003, HREEOMPE, KRR EOBER PR E BT 5, MUETETH-
) BEeET mRECESUEE I OLETNHIRSNIZD  BOL IR 50 E, HENERS
TR L THEACHEREY) Y LRI & 72 > TW D B OYE | M OFREF 28T LTV, FBEOH
TR EBNAE L 2583 HEORVECHMMIEO YRR SI2 X - T, 0% LI O4LAT - EAEIN
LT D, T, PARECEDEENRSWEGE, FAUHIRORNEGIEED G EAGRE D,
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3.3. ERZEHRL-B4AEYOER
3.3.1. lETHDIRBOEE

AARZEEICK LTS ORI E AT HETH O, mEGTRE» b B E TOREX S &
HT 5, [URITHEDOREIZE > TERERBREEKO—>TH Y . PO & AF#HEEZHE L TH
% (Larcher, 2004) , FE#CITiz U7 B2 A0, WIS e T2 0ERH D, HARIZIAL
HHNDA FBERD AR IR LT T A 41 BRBCRMETEICLEE G2, —H. FU
A APBERTH AT VIR BRE A T, 20X 5 RERIIWY O L IR 5 7=k THiA
HEEEIRREZR O, 2 WITIRIEIREEZe O Z IR L, # L7 &2 bIic AW 2 B8 H 5, £z,
BITEADATKR, FFICESOAKRICKEEGLTEY,, BEEEO/NSWKRRE DL DI ENRELED
EEEET D EINTND (AT, 2002) . HIEOBEZEIIMAIC L > TR SR D Z ERmbi
TW5D (I, 2018) 729, FHUCHEEK T 2BRIXETRALLT WY ZE AL, ZDO®%RIKRAICHBHO
FANFEST 52 ERNEL s, REDLZERETH-TH, LN TR 2 EAREREN
a8, M2 G OED B RALLTWEERH S, LT TN E L WS L b 5T
| it CHLO BREERE R AE DB N EE L 72 5,

3.3.2. MEENEEM

[F CHEEOHY T, £AFH L TWDHUI T & ITER R 201 D, £ HUs oo s BR 5 K (i
LTW%, FrICIRELIC AT MY CITABMRZREPHERSINTBY . TOHITOEED LT S
BT L LEZ NS, BHlZIE, A% FVICOWTIE, EEOEWBATNICHET S 60 L IRWSETIC
HATDHLOTIE, BEFICHE LEENRERD ZERMONTEY, EENEWEANCHEET 5 L DI
R THRIFETEDLLIITHEISLTWD BRH - FiHF, 1970) , 7o, AAXAFIZHOWTSH HAET S Hk
ICE > THEBMNRERND D L S, [IBOEWHUKIZH AT 5 1O 2 KIEOROHIKIC B L7255
IEAEDME T2 AlREME AR S LT D (RIS, 2014) . ZO X D ICEHNICAEER T 2 RFEOHY)
AL THHlZENHEREINTEY, FHIRICAEFTT 20y B 2RHATH2ZEREETHL, Z
DX D BRBEMRZRITHMIC L > TRESERD | /MR- BAR (2006) 1XHELAY T HALIZESNT
H A% 18 RIRA~FAIERIIC XSy U, TERARAHEY) OB FFAREIFH & LT 100~200 km ZH#E5E L7-, E4UZ
R LT, WREREPHITAE SN T Wb OO, IR AT D BEAVE LR OBFFEEHIT A A % (F
JIIG, 2014) °A # KU (Inamura et al., 2000) 72 EOWENH DH, A A F(FHAREWN TOBIEH 2 LM
IR C, HEZR ECENADO S O LTI BEENREZPERSTWS (F)I5, 2014)
FEARTHDHAHZ NVIE, ENTH- THRIT 25 L > TR TFORIFRR ENELR LG50 H
D, SSHICENDOLOEITHLDRIBRENENNH D Z ERHERR SN TS (@K, 2007) ., b
D LD, —ITITRIAR & [FERIZ 100~200 km BN T, KUECHREZ & OAEFERENELL L T 5 Hl
WIZABTT MO EERT 2LV EB 25, ZoOMOEEE LT, BREE (2015 X
PRI A3 L A HIPRAYHIPHOZ 2 HARB L TR Y | JE LHCh HIEmNLE T D BAIENICAEET T
LIREOHM Z RIS 5 2 & THIBMERMORFICAEHTH DL L Lz, 34 TiE, AAX, A X RV, 7
=Y, VavZ, YIXECONWTIERS,
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3.4 BHEWEYOEBRERUVEESE
3.41. AXF*

(1) RARFDHEHH

A AT MO E T HICER <, pH 4S5 O LHETHAB TE S (R - BA, 1990) , KEAFT
B2, PRI KXo TR OAE ZHET 2 AN~ I Tnsd (ILE G, 2019) 23, AAX
NEELCHEERZHE D Z L TRAROATFME L TERA L, B0 El GRS, 1999) L b
O R EEN MY O/NS REREARET S 2 bR I TS (B, 2017) . B
JEUZ &> T S A REAGFE - CTH D AFIZAET LTV, B3 RIc o THRELLT 2D,
25°C T LT Y Tt 7o . B8RRI 15 HERE T 60% & D EWRERTH -T2 (FBas.
1987) . AAFOMFIIHFBEZ M, BARE CRIFRNME T T2 2NN TS, TS (2021)
TR FUEEREI AR X ¥ o N ACBIT DEBIC T, AAXORFRBREIT o2, LOME, BIFERIT
WRT 17% & leoTe, FFEEIPET 2EM OB TRO R 7 B HIHF LAY, ROTH
MOBNMEA Y — FX, U7 v — NRBFEEEZIED, BRI EM KIZREFAE B > T2, W
THORBRETHIEENOK 1 » HRICEENET Lz, Fio, BTOMEICELENR KT & (F
FH. 2021) SRR DLE, KR X DRIROEE (53, 2017) 365 LS, ZRHEZEL
TRRESEESMNEE STV D,

(2) EHhiRER

ERED (2008) VEJEA LERH (FEEEKUR 11°C, FFAIREKE 1370 mm) ORE (FH &, Ak
1:08) ZHaLHE L, Wi LHELICAETT A AAXORE % AW ERBEMWKI TE2{T7o7m8 25,
BRI ABNRGTHD—F, BARZREDRANIITNE L% 3~5 FERELETH 2 & 2B L,

D (1983) 1348 S AR IE AR A LT KR 7 = 5 i N TR o Bk ic s 3 2 kb o & o Sk
A THLE U7, AFREEIKURIL 10.7°C, FEEIRKEIL 1910 mm & 72> T\, E72, EHIREEIR
1.89 m, HIFFEE 42m OZEEHH TH D, Jii LHO HEITHED OHERNT L A ERHEGR S LW EE
EEDRILAE A TR SN TEY , BRERETHD, /- pHIL 2.6 &\ ML R LTz, L
HICBWTEABICAEBT T2 AAXT AV TORME LRy hoBhE Ry MEERT) (X 3-1) 0%
BRRZIR O K OIS TeilfE~D A A X ORKOBH (FLAFHT)  (K3-2) O2FHEOM LE21T>7-,
OORy MR T TR LOFELBILET 5700, BLETOROWHRXENE % 5 cm, 10 cm, 30
em & LEXKO 4 KEz2s%F72 (K 3-1) , @O0 T ClE, S/ ) £ OIS 40 em, 15 40
ecm DIELES 10cm, 1H 10ecm OIEZHY | HHEERER EE1T-72, 40cm X 40 cm OIEIZIE 50 em R
THEIARDHEARZ, 10cm X 10 cm O 30 cm HIFE T, M THUSA N OFELZEY 25 LERED X X
FOMBEEMFH L (K3-2) .

ODRy MR T TIIRBEUANADEFENREL M ET25 2 ERERINT, £2. QR L
T, K3 DHARITITTEEEN 100% TH Y . 6 F% BIEKICE LT 52 L 2R Lz, LLErD, it
5 (1983) 1XAAFNEEEMEHEA~OBEAMA L L CRbIE LEEAD 1 >TH D Efbim LTz,

KAED (2016) 135 THIND AAXF O 728 L, BENOHEYHEEHOR v N THRFEIH-%, il
THUCBAET 2 FiE (Ry NEBHE) LHEROFIETH 28R & ER L 72 4R 0E &2 B Al 3 2 AR
EEH U, Ny MO, B4 25°C (B 12 Kefi]) /15°C (M 12 Befl) THRIFESH, K30
AFEE L7, 6 HITHE AT 72, B4 7 AICARAEZITo7- & 2 A, FEECIIRIEN MR SN
Motz -, BEBRETIIESEDK 40% THT-DITK L, Ry FEBIETIRZEAENEEL,
FXH 155em EAEB LTS Z LRSI, ok, BREECIRMBIIENE L KW IERSES
T om LT ORISR N D 72 o 7272 T ARy MEBIEIIAR OB Z Tz WE Lz,
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(FFHR[X)
Wt %Wkﬂm

)\\ B 7 E—FE
30em X 30em X 30 em

FI
- ,,‘. R
R

(# LSen[x) 5 enfi
Pﬂ(ﬁ' -

{1

(% 110emiX ) 10em% 4
/D i

-f%ﬁﬁ

X 3-1 Ry FHEET
S (1983) L VBIHLE,

THA 11%%

% 3-2 LA
EHS (1983) X VsIHLE, M OEFTOEMIE cm,

Q) £&&

ARSIt ol RN R EOGFTORILISET D B L b, HRKMT TR
HEAF- 7B OFRFRPIRMERA S B 5 —F5, BAIREICAFLLTV, @dH DV THED O A X%
MEORIITIE, EETHTFENPLRE S EOWREENRH D,
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3.4.2. 412K

1) €432 F) DEFE

A2 RVIXELILORAZY THE 2 Ep OB RETHE COVAFTTHZ ENERINLTVND
(FF « &%, 2007) . F£7=. FF - JEE (2007) 134 ¥ RUNEFTDHZ L THEZR EORKEA FL AR
PS4, BIRELEDRADMESND ATEEMEZ R L CTWD & Lz, FEFIFEIC X - THRE S 4 5 R
FifE - C, FOERIZE > TRIRIMARE S B p Z EAREN TS (BEH - #HiHk, 1970) . 4
AN, HEES (1987) 1% 25°COMRRM FT10%LL FOFRFRIZST- 8 Lic, £z, 28 - FiH (1970)
IR EFRZRE &[RRI ARFED A 2 R U 7 OR IR 25°Clllfi o414 T Chblig L7545, 10 H BIZIX
ZRED 100% DFIFEFETH S T=DIZKI L, MAEDA Z FUFEI1X 20%fREICE EF - T, Ik
PEOFEFIZxI L, 5°CT 15 HMKIEALBL 2T o 7o R, BIFERIIZREO L O LR L o7, T
(2017) 134 % KU OFE 1L 20°CLL FCHRIE LTV, EORBNTITRIERN 15%LL T L2 |
BLETAHALILIK T T E2E L,

(2) EihiRER

HH S (2009) 1 XILIALR LA =& 28 ICBR H oMaE 8 LR Ok b 21T > 7o, e T3
& 1300 m CHEIIMETS, R 50~60 FE L RIRefin CTh D, £z, M TAFIT BT IC L 5%
FTORESHBENEL, A X RVOELNRET D EE2 LN, £ 2 CTIERIEDERE M MRAT T2
Z. BHOHRFELHME LA~y FEAWETZ 12 Atha L 5 A TAICITV., S FIEO k4
1Tole. ZORR, WTNOTIETHERLORESCHFEIIMAB I N oT2—0, 4% U ORIELHE
BEINRDoTe, 20D, 4% FUOEEZTHORE - HEEIT Tl 4% U BEROAB
KA B IC AN LB (MRALEEZR &) OGO MLEME 2R LT,

S D (1983) 13AR B R AR A LLBT KR 7 = 5 PN TR O AL IS 6 = 5 kLt o & Hioo 2l
REEMTHE L, A X RUZRy MIEETYE (K 3-1) TAEFSE, ToOfRE, B ENEL S
em TIEE LA S0emAEEE THEB LA, EHEZN10ecm & 30em TIHAEBTNFE LK TF Lz, Ziud,
BRICEVRERREEL ool B2 B, £ (2017) OEBGTORRELE —K LT,

PEIL (1997) (R ILRFEGE O E B BT DR EAE~ v M E AW ERIE~OIGH A B LT, @
B COMMEA~ v MEHWA Z RU R EOFREFERZFMM LT, e~y ME 1 A2G 3 AT
RIS, RIFIERCHREHN B2 L2 TRE SN, TOME, 1| JICERL, FERFTT 7~8 B,
5°CHEATC 55 HRTE LT~ v  TORA X R U OFFENPHEGR S, FEHERITH 70% Th o712, AfEE
A Z R Y ORFIIHEIELEE N SLE L L7258m - Fiik (1970) OfsRE —F LT,

Q) £&H
A X U3, BB HEORMIcE T L E 20N 5, ABFREICK 2HEADORFESMEDE
MREWTZO, S LT O SR 28T 5 2 £°. 5S°CTORIBAEZITH MLERH D L5
2 bl
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3.4.3. 7Thvv

(1) 7hIYDHEHH

TR X > THAR SN D JRAEAFE - T D, ERFEITP O TZFET-2Y 30~40 (HEEE A > TEY .
AT 2 LEREMN X, FEARET 5, BHOWIREOERFEITILS YRy 7 U LI 5, 28R
BT 5B %, BICIRBEEDO EZHW TV WERRZ RIS 2 L ER S 5, FREZIXER CHRE LERE %
WSS TR, AR T, v~ VoG, REMFLERMAFEFICEIOENS LD, Hf
ICOWE P EBRE Lioth, JEEEE (B 4 m/s) CTHREMFOLLZENTLHZ L HTE D, RIFITREN
DE VRN 2 AN, BRI CRGFT 5, BT ORFITITERBLER AR MLEL 2D, BAR
JIL = A (1953) 137 A~ V7% 1°CHEATC 5 HEMRIEAEE 21T 21X, 20 a3 57210 T
T H Y DIEIFERN T0%FEEZ 72D Z & %7 L7z, Washitani and Saeki (1986) (XE-H% 5 7> H FRJE 4°CHE
FANCERTE L, BEFERBRAEIT 72, TOREE 8°C D 30°C & MEAVVREIK T 90%REDRIELRE R L,
22°CTHR B RIFICET D2 AN DN L AR LTz, TH~VIHRIZIT 2 7 T8 & RN 55681/
CHREE SNTZE DI SNTR Y . MEERIBR ERARE R Z EDEIMEDRFEE SN TS CKED,
2021) , FO—F T, MEZIIFEA~LENDBRB DI i=w, H HEESEE R &~ 3K AT RE
MWRH 5,

(2) EihitER

S (1983) 13 S R OIE AR A 1 LT R 5 = B H N TR I O SRABIC R =T~ 2 K I O 5 oo Tl
MEEMIME L, TSV ERy MERTHE (K 3-2) TEFSEL, TORE. HERITN 30%L
AR THoTR, HSFER ETIRE LOFESLEZORIICEHD LT RAFICEFT L W, LirL, 74
FIZIZETHIEL Tz, ZHIEREFICL 280K OFEICEI2 b0 LEX b, BEPELWELETT
7A=Y 0BTV E L,

@) F&OH

T A= TR REDOKITT O LR B I A AR HER L TV 2 BATIC R T 2 RAEDR AT
LWEEhd, £DH, M EARDOH 7 LIBEIAZ, TABER O & P HIRE OR(LIZAH
MiEZEEABNT, o, BFICTRELHEEZET L L EZ b,
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3.4.4. JyayJ

(1) a7 n%E%E

FHH - A (2001) 1 FTEERILE O LB T 10 HI2U a v 7 28R L7Z, BREBUCEEL, Vav >
IR ERPUCFIC R D EZN B D Z L 2R LT, BEFRBREIT o728 T A, 5°CHEFTT 19~29 HF DX
AV Z 95 2 L CRIFENV ERTILZL2HE L, AL (2011) IZEFESIRTH CHRELZY =
U A& SCCHEAT CIRAER . FEE TICHEF 248 L, 23°COIEIR TR 14 FRE/AR 10 B TR 35
Bz 28 BT 724ER. BERIL 20%0RE TH o7, — . BT RPEZLEF v S ANOM B ZES
74—V RV A U RAEEMNRE X —DEGICEB TR L 2 W& O R IFRBR AT 2 A,
FENMRENR -T2 LB WE LT,

(2) EHhiRER

FREED (2004) 138 REIRFRARESO AL (FE AR 10°C, A FHR/KE 1200 mm) (238 CRERE T
EATOBE, BLa3em P ELESEITRFELE LIIH L2, 2T VNS T X270, BhE
BT E oo L BE L, ORI, BADL (2011) ICL2Fb b2 HMEXFEDBEoRGR L
—HTHLDOTHD, T, VavZ7OFMOBRIIELZITORWVWERRWEEZ LD, T2,
TEHE (2001) (IFERE LD LABECIEE 2 AW R, AFENRE2Z & AR LT-, Yamaji et al.
(2016) XL H AT D U a v 7 IIRICAERT ZWNEREN WD Z & THAeRMMEZ 85 L, 4% T
XD LERLIE, TORD, EE (2001) THEUZFEETEDEBTBOEICOWTHNAEREDEGOA
M LD AREMEN B 2 b v,

S D (1983) 13AR B R AR A (LT KR 7 = PN TR O LIS = 5 kIt o & #ioo 2l
REBIZBWTE LB T (X 3-2) 2170, S0ecmBEE THEE L2V a v 7O AR LTz, © Ok
R EERITN 0% ThoT-, 7o, MEBICLD2IHENZHERENTZOEFBITIRG T hoTo—
FC, BRI b BIE S LTz, 6 AERGRREC b IREAME LEIC X A IR IR S T, MEEE TR K
LW,

@) F&OH

U a U7 I3ERE HESCTE L CO D GFTOMKICET 5 L B2 bivlz, £/, FIFITE L TIpkE
RO —HTHFIIAFLLT, FRREFICEI2ARBABHFTELEAONT, HOEEITR
WESNDTD, HOBHENKCIZEISL 2 5 &EX 6N,
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3.4.5. ¥+ X4E

(1) ¥ FXFEOEFH

Ny aYFFLFFYI ¥, 4/ =¥ FFELOMICENT, —KIZITEFI3EMTH D, T
NYFXRA XYY I, Ny av e, % 1 BEERREITREFEN 100%a\V 05, ZhLl
BRIXBOEIZIETFTL 22 BEATIE 0% &7 Z A SR TS (B, 1979) , 7=, #iIH: - HiR
(1991) (F=y /Ny avrx, =V /) hUYFX, 4/ =¥ X0 3 EOY T FITBWTRFESRMS
EHEELL, WTNOYFXELE LZRERTIE 10~30%REDOREREZ RS, LIS T
IFRFETERVE Lz, Y ERsEeikiimrEnsm < Al (1996) X3y Y X of1%
I PAABSETZOL, 20 AMBERICHKIETCHLERT LI L 2R L, ALK,
#0200 HEPEAK L CTHHEEFRESIZA LT 2 GRS, 1991) , B (1965) 1%, AbyfiE Kof KHE 7 i
WL, 3 A (e . 7 H REEHD . 9 A B2 RIEH) ITFIAY ¥, =V /FXYv ¥, ¥F
YTIX, Ny av I XORERIL, FARORIE K OH A g Uiz, fHAREITERTITo72, ZOf
B3 A (EH) ICEHEBRLEZLORRLIEBRBROHIERNE N7, 27E L, Ny aPFFizonT
IEODT AL OREICER I L T H IR BITED o7, —J7, FHE (1983) 1% 6 FHO v FHOMH AT
VW, EORIMBEMHER LT, TORER, OBBHBRIFEE LT YF¥, AU FF, v ¥ Ly
X, OFREORMBRETIFME LTI vianv X, ORBO/KELFEL L Tr~xavr¥, ¥
VRAY T XEET T, o, BRBICEHLEEIRHLE LEND YL, FBICK o TEOLENIIRE < B
HEL, —BAbIiTEE LW E L2 (F#S, 1983)

(2) EHhiRER

HO(1965) IFHABEH, JemHl, EXSTH, EE e SICBTAABRWICOWTEIZ L, YIXEEY
FALOBEAREE L CHHTE 22 L 2Dz, £z, L bFAROEFN, B E CORE - &
HORIEROBEAN OO DMENR TS L L, YT X ORI X - THARICH % B OB B 1 23 7
RO, —RIITFELIHEORERB L, TOFEFRFMLLDVEFEM LICTIRIESET D2 & 2k
LT, 7272 Ul TR RN L < . P XORBEM CICHEAEZ T2 ENHL, OBEEIC
LDEENLWGE, MIFLETHZ LT, BAEEZENOORBEZMFTCEH L LT,

BA S (2002) 13 EUR T 0O K L I OFR A I TE o AL OFE R 1000 m #ai o R (AEL 1 @ 2.1)
DRkt Z R Uiz, i TSI OB RNEN S < RE SV, £, £FI2E 3 m 1T EOHE DR
END, FAGICBEE L, AT T L Te LARE TEITV, BEIA DN S ORCKHE 1O EE 2 g L
2o ZORER, T LARE LOFBRRKHE 7+ OMIEICEN TR Y | FFICY T XHEOEERN LN &%
WE L, 2T LARE LOEFRREZMMNNH Y JAEARE T CTHH Y X0 -2/t L7
Mol LEZ LT,

@) F&OH

M- OREUIA T EBDNE NGO T EIAT O 08, REIRFICIEIAME TH D, —J7. Br b
T LR ENTD, HERT DB M & L TEIT o b, % < OFMAFEKITK U TRVtE %
ARTTD, WK LT WIEFTORGITISHL 9 5 L BEZ N7, REFEF 209556, B ~DEEIA
O, SO O BN D OREREF 245 25 TIENAM &L B 2 bz,
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3.4.6. BELXZTHLVEREDHKIL

IR, HEY O BEeBMTEZ IR T 52K & LT, BEREMEMAY Th 2 WAMAEY (RO EFRICA RS
LIAEY) BER SN TWD, WABAEDIL THEMERICEEL G525 2 &< A TwiknNIcE
BI04 (Wilson, 1995) LEFRSN TV D, FLAERSCHEEO PRICIMET SH & LTHE
EINTEY, LEFEOHEM~DOFEIL T4 (benefit) | . WEREOHY~DEEILT 5% (harm) |
ERENDLT T, WEREDOHEM~DEEITIHNE &A1 (weak harm and benefit) | & SN TS
(Brundrett, 2006) , HEY)DORONIBIZAEE T HHEREMEMAEDIZA b LA (o - R - B8 ICk95
HEW) DIitE A #9589 % (Rodriguez et al., 2009) &5 HENZEH 0 | MEW S B4 B it E 2 Bk S
% & D#HiE (Lietal, 2011; Nagata et al., 2015; Yamaji et al., 2016; Haruma et al., 2018; Haruma et al., 2019;
Haruma et al., 2021) <°HAEWY) O MRS SR O FTREM: 2 /RI2 58 A H I 2 C X 7= (Doyama et al., 2021;
Nakamoto et al., 2021) , SLILUBFHIZ IS 1 DAY O ERE ZRHET 5 72 DI ITREREMEMEY 2 BB I AT
T O B4 R T PERAE 2 iR~ 2 LB D D, 3L IS - B (20200 KONLEES (2021) 255
[ZE N7, BUE, 3 T OHLLEI T IV T, BEREMERUEMD & B8 L Iik b ORGET 2307 TV 2 23,
I TR 1o ERERT D,

BUE, FLILBRMORMEIC W TREB I FER O EAE T2 TR S MR A B8 L T2 BAR R D E R
DEENTEY | HW-WAERLAERE ERE LI ARELEDEERBOMANG THDLLEZ DN,
KA S DB O EFES 2 x5 & LIZEICBW T, AAFOMONENZAEFTT A7 I~ VIZiE
WIZAEBLTWe—F, AAXOBROIMINCAEETT 57 I~ VI3ENREEEE L TV, AFHES
ZTTWHZeaRALL (K33) ., £ T, SRIUBIIC BAT 5 A AR NREERRWNEREZ T I~
VEARMET D LIk o T, EREBICB T AT Y EEOYMEFICHS L TND KA LT
2o AWFFETIE, AAXDENNERE T I~ Y EAECRET A Z LICX D, T~V OU#ES
T DA T 5 2 L2 AN E L CBIEFEMP Ch D, i, AEEGILTEIRREET Fe
EREICFEL, RENTRELRETH D,

(a) (b)

X 3-3 $£REBICAET LT A~y IFEE
(@) AAXRDOIMANC BAET DT I~V FEA (b)) AAFMONRAICBAET ST h~ Y 3FEAE

(1) RRAFIZKBTHIYEREDEREDE L

20199 Hv B 2020 9 HETT I~ Y RAEDAERBEZHR LT A, AZXXOKROIMUDOT 71~
VEAXVL, NUOT <Y ZAEOEERRNEN ERHLNE -T2 (K3-4) , £72, 2019474
DT <V EEONAREDBRGEREZRN LI ZANMOT I~V ELEDTHTPIMUOT 1~ FEAELY
bEWVERETH -7 (K35 . LEDOZ &b, ARAXET A~V REICHERDERE LT VER
AL L, T~V ELEOEEZMEL TV D AREMES R Sz, WY O NEREIZ OV TIES
B - MIE%E L. TOMREEZMITTTh b,
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2) FTHARYRUVARARXTDEERREEE

T =Y OEHILRREDFERZ K 3-6 [T Uiz, HHTORR, REMEL RO FAPHOFEAIL) |
RED Fe #ETHZ DM LMNER ST, AAXOPIMNIAEETTHZ & TORERBRIREDZE ifﬁmu
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595 (Grzesiketal., 2018) & &2 Hiliz,
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AAXDEAILHRIREDOFRERZM 3-7 IR LTz, AAFIE, REBRL GROFEFHOIEAMIL) (2 miE
DFeZEZHALTWDLZ ERHALMNE o7z, F72, BELL 7R 51T chlorogenic acid 23 & H 72 2 &
75 | chlorogenic acid 23 B4 8 O B MEBRBICE 532 (Kisa et al, 2016) & & X Hillz, AAXIX
chlorogenic acid (Z &% Fe DR & | ML THHIRLZIZ Fe 2252 & TlifEEZ AL TnWH EE
b,
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X]3-7 AAXOEHTHILEREE (202047 H)
3) £&H

K EMOERG AT T 57 I~V EEIZAAXOROTCTAEBTTH2 LT, ABENREFT 52
EBRB BT o T, AR O X O 2RO LY COMMLEZ RFTT 25815, A A X & etk
W& L CRIAT 2 EMMOBAELEDREA « EEZMEET 5 ATHE i@%z%ntoﬁﬁﬁﬁmmﬁm7ﬁ
~ YV BIARD B IREE D HEE AR S U BEIXERMG ISR T OMRIRIC R > TW DR, b
IXELFRARN S DT h~ YA OIRERH 0 EE LIZONRNIE LRSS, UL EORRNS, Th
vV EAAF AR I®EDH T ET, ARIRUMIRMLOEE Z Rl LT, T Y EEDOES
T 5 Z LT, BEARDOARRS~OHEAEER OB 2DV 2 VEICHED 2 fREME SRR STz,

T, ThH=Y, AAREEREOESBEZRICERT LI N LD, 2o OFEMITE R
W@EAE’ﬁLfmﬁﬁ%@\ﬁmmﬁﬁf%é%%f&ék%%éhtoé%m:h%@%%k%

HEMERVEM CHDNERHOEBEZEEICAN, ThH~Y, ARAXOERBE TOES BRI OV CREFRY
%ﬁ%%%bf%<?mT%éo

o4



4, BEIZKDHh—HRoZa— S LFEOEHIZDONT
4.1, BZHE TS EILER D FRIE DEHIE

AT £ TSR b oA mE I 1T A2 fid L7223, 2 2 TIEEBICRENEBT 52 L TE I V-
TERNRDN D D D>, BRI “RALRFABEE IS E ) BLE I EEDO N —AR =2 — M T VFEITER L, HH
EREITT DI TR T D, FERRICHL LR 2 ikt (FRbkib) L7oygshEpilic oV T, LR — MEDM
REPAHENTEY ., 2N EMAT 5,

PLILBR IO, FRTRRABIC K 2 IR FEE E I B3 207836113 2000 4 LARE A [E CHUL S 4v,
EH, £ F, AR TZ2FLELET U7 THEANELLS, KE, BFH, SHIZIEHR—F 2 FRR
A AL EFLE LT OFEFIR S 5,

[RIRFEBFHUZ DWW TIXZ < OFFID B 0 | fRALAT & f*bik DR R FEERE & i T 2 FHIAN < Db
%o BT ORI TIL, FLLBMO BREYFICE U | REFEFHEIZE E O TEMZERMEOMRRIZE LT
516 H Y. SDGs (Goal 13, 15) ~DHEMRIZHFEKT 201 H %,

PR DFFALLRRACIT A © I L IRFEE BT 2 BIRR il L AR — b & LT, KERFA

(United States Department of Agriculture) 73 2017 4-1Z%81T L 7= The Forestry Reclamation Approach : Guide
to Successful Reforestation of Mined Lands  (https://www.fs.usda.gov/treesearch/pubs/54344) <K [EER B PR
JT (United States Environmental Protection Agency) 7% 2012 #2817 L 7= Carbon Sequestration through
Reforestation : A LOCAL SOLUTION WITH GLOBAL IMPLICATIONS

(https://semspub.epa.gov/work/HQ/176034.pdf) 72 Enzslf bivsd, £7-. EOMOFL LA =& L7z
AL LD =R =a—= F T NVEORFAZFRLIZb DR 41T, ZOXIITRBICL D —
RNy ==a— b TR DR RIS E CTRUL S v, R S DR e bR R EE RS
HHFFEITHRFC 2010 FLUEL < A D ND Z L3305, 7B, R 4-1IZIFBE L L THERO AAGER (—
THMEER 2 Te) ZRidi L7z, —HIEMETRWVWI B2 bNDHDT, HEFTEE L LRI
U,
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Soil Carbon Sequestration in
Novel Ecosystems at Post-Mine
Sites—A New Insight into the
Determination of Key Factors in
the Restoration of Terrestrial
Ecosystems

Mining activities are one of the main causes of land degradation around the world and reduce the quality of|

F. HRPOLHLIEDNELZRANO—DOTHY . ADDEEROHEET

the using different and methods
have been implemented to address this issue. In this review, paper, different studies focusing on the effect
of the restoration of mining sites on the accumulation of soil organic carbon (SOC) were analyzed. SOC in
reclaimed mining soil (RMS) increased considerably after various restoration efforts were implemented
The amount of SOC accumulated in RMS was mostly influenced by the restoration age, vegetation type,
and substrate or type of reclamation used. From the scientific papers analyzed, we found that SOC
accumulation increases with restoration age; however, vegetation type and reclamation have varied effects.
According to the review, the restoration of mine sites with vegetation resulted in a rate of SOC
accumulation ranging from 0.37 to 5.68 Mg SOC ha—1 year—1. Climate conditions influenced the type of
vegetation used for restoration. Regrading, liming, NPK fertilization, and seeding a mix of legumes and
arasses were the most efficient reclamation techniques. Additionally, the use of grass and legume better
facilitates the early accumulation of SOC compared with afforestation. Thus, the selection of appropriate
tree species composition, reclamation treatments, and restoration age are the key factors for a high SOC
accumulation rate

SHTWET., COMBICHLT 210, HBRGEECETARERVBET T
O—FARBENTE, CORXTIE, FPBOBEALIRARKE (SOC) O
BWICRETRBICRRZELTHRALHAREMMN L. RRGBEEENSTOA
fztk, BESNIERUTIE (RMS) OSOCIEKIEIHM LTz, RMSISHHE iz
SOCHE(F. BEER. HEOHEE, EASNRTHFEOI TOEMAICKE
HESN Tz, ATLEZRXN S, SOCOBERIBEERLE LLICEMT S
M. HEES A TORDITOHEEHRATHD LD o1, TORER. SEILHH
M EHEETEE LBE. SOCEHE(L0.37~5.68 Mg SOC ha-1 year-1 DEEHIZ 4 >
tzo SBEEHE. BEICERSAIBENERICEEES5A -, BERNELTR
MR o-OF, HEBEWR, BRI, NPKER, < ARHEME A REHENOR
BTHofz. Fho, BROIARENEMEAT 5 L. BHRICLLATSOCO RHER
FEYRETHIENTED, LA > T, EYLHTEMROER, EI0E, &
FUBEERD. BLSOCEEELBIHOERLERTHS.

Forests

Amisalu Milkias Misebo
Marcin Pictrzykowski
Bartlomiej Wo

Soil quality changes in an Iberian
pyrite mine site 15 years afier
land reclamation

Reclamation of highly degraded mine lands to a sustainable environmental quality has become a major
policy concern in many countries with a long mining tradition. This paper reports the soil quality status of a
historical mine site fifteen years afer its reclamation, using indicators of chemical reactivity, soil fertility
and health, and discusses the progress and cffectiveness of the implemented measures by a comparative
analysis between pre- and post-reclamation conditions. Twenty composite surface samples (0-20 cm
depth) were obtained for physical and chemical characterization from the open pit mine and waste disposal
area, using a stratified random sampling approach. Additionally seven sites were selected to collect topsoil
samples for microbiological testing. Results showed that soil quality changed noticeably over the study
period (2003-2018), with overall improvements in key propertics, such as structural stability, cation
exchange capacity, degree of base saturation, soil organic carbon, and available phosphorus. Prior to
reclamation, the mine soil was unable to support vegetation du to hyperacidity coupled with clevated
levels of toxic metals and nutrient deficiencics. The combined use of sugar beet lime and composted
biosolids as a low-cost, locally available, soil amendment was effective in neutralizing both active and
exchangeable acidity, and reducing the mobility, plant uptake and human bioaccessibility of trace clements.
The amendment addition also enhanced soil fertility, carbon storage, nutrient availability and microbial
biomass (bacteria and fungi). Revegetation with Pinus pinea and Nerium oleander has proven to be a
strategy to create a vegetative cover ically pleasant and ible with

the surrounding undisturbed landscape, although further efforts should be made to monitor over time the
phytotoxic and bioaccessible levels of residual metals, notably Cd, Cu and Zn. The insights gained from this
land reclamation experience provide success criteria for assisting natural attenuation in other abandoned
mining sites worldwide.

SEORWMEHZEFH DS CDERICHENT, BEICHE LISl =R
REREICBET S L1, REGEEMBELBELLZOTND, KRXNTE, ER
R SEILER D IBOIT TH S ISERDOLIMORKERIRE ., LPREM. TRIEX
B, REREZERE LTHE L, RELI-HROED EHREBOITHIHOL
BAMICEYERT 5, BRIBY ML EERMLS BN 5. RRIREAME &
Y20BOEEREHN (RE0~20cm) ZRBML. MEHE & CILPROFHE 25
Ltz. E5I2, MEMRERORIY Y TNERRT 21-0ICThFNRIENEL
fo. TOR. AEHMB (2003~2018%F) (CLEOEHNBEEICELL., BERE
. BA A URBREE, BABNE, TRABRE. D OB EOTELMERN
LHRMICHE SN EMNASMNICL STz, BIMOMLLTIRG. BREOCHES
BERBRRICMA, BREMEICEVHEEHFTHEATELRLRETLS, &
AR PTHTETAFTELLERRM E LTTF YA BRED VKRR MELTzNA
AV FEHATHIET, EMBMELTRERELPHL, HETEOBY
. EPORY ARG, AHMOEKANDEEEEERT IHNRENEOAEL. F
fo. COUBMOFMIZEY ., LIROBRE, REFHE. REFBE, MEMN
A4 TR (MEERE) HELE LT, Pinus pinca& Nerium oleander| = & % BHEFKIL .
EHIcEL <, REMICAROKRRIEORBRIES LI EEEHEY HT-ODORY
BETHD - EMEASTNIA, BRERE. $ISCd. Cu. ZnDEMEES & VLK
TIERALRLERBICO > THERT 2-HICE5RIBANRVETHS S5, C
DIEHITORBM /LN . HRDOMOKES Wi SLLE®RIZE TS
BARREXIET 2-OORWELEZRETILNTHD.
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J. ‘ernandez-Caliani
M.L Giraldez

'W.H. Waken

ZM. Del Rio

F. Cordoba

Pinus pinca
Nerium olcander

Eco-Restoration of Coal Mine

Open cast coal mining causes complete loss of carbon sink due to the destruction of vegetation and soil
structure. In order to offset the and to increase ion of carbon, is widely
used to restore these mine spoils. The current field study was conducted to assess the ecosystem status,
soil quality and C pool in an 8 years old reclaimed mine spoil (RMS), compared to a reference forest (RF)
site and unamended mine spoil (UMS). Biochar (BC) prepared from invasive weed Calotropis procera was
applied in this 8 year RMS at 30 t ha-1 (BC30) and 60 t ha-1 (BC60) to study its impact on RMS

BRERFEE. MECLEBEORERICLY . RERWFLEELICREASE D,
COMITEML, REORIREEMS € D101, BRI S DML EET
FREOITEATHATIND, KRR TIE, $ERB LI-BEMRUBE RMS) T8
VT, £EROKRE, LROE, RESHEL. BERNK RF) BLERKRML
Bt (UMS) & HEFHES 51=0012. BHREERERE L. sHRMH Calotropis
procerath & S8 L #2734 A B %30 t ha-1 (BC30) &60 t ha-1 (BC60) T DRLEMD
RMSISHERI L. RMSOHHEECT—LADEEERE L1z, Fo. KK B

propertics and C pool. Carbon fractionation was also conducted to estimate inorganic, coal and biogenic
carbon pools. The C stock of 8 year old RMS was 30.98 Mg C ha-1 and sequestered 113.69 Mg C ha-1

B’ EMERORFT -V ERET 2012 RESEDLIT 1. 8FEHDRMSOC P

Spoil: Biochar Application and Dipita Ghosh

Carbon Sequestration for " s y 2 by 2 1£30.98 Mg Cha-1TH Y . 113.60 Mg C ha-10CO2EFME L TLA T EA |Land 2021 [ 10 | 11| 11120168) | EN [S%—Lhs EM | Calotropis procera
Achieving UN Sustainable r(:c)azh, ?:;i?;"rig‘c:; gz‘;ﬂ"(’;g'ohfaf::,’ﬁi ‘:szf)’ bs’;‘ll ;”h“y‘:if‘:hf;n'ﬁ']’zcr:;:_’;;"il‘:‘“;cs“;;d :;Cﬁon Motz. BC0EBCEOIRRMSDCR kv o £ZHEN3I%E4S%EE L, BEELR Subodh Kumar Maiti Iharia 385
Development Goals 13 and 15| o capacity, moisture content and bulk density were improved by biochar application. The total soil fz;g‘ﬁ%%%ﬁ;ﬁE«Caf]%’%ﬂgér;miwfﬁ%q;E;’;;i*ﬁgi‘zf ?;f ¢
carbon at BC30.(36.3 5 C k1) and BCG0 (40 & C k1) was found to be significanty high compared to [ < " heo (10 s k:l) iR as AMS 1 eC e M(gl"‘( &
RMS (21 ¢ C kg-1) and comparable to RF (33 g C kg-1). Thus, eco-restoration of coal mine spoil and - { ) Do Rpeke i, RMS@1gCherl) [ o
biochar application can be effective tools for coal mine reclamation and can help in achieving the UN ;kgﬁii;ﬁ; g;ﬁ ;][f T;é’ oy t;:;;\ Z\[z;‘m f:;’;: Y "‘ggigg&ﬁf
sustainable development goal 13 (climate action) by increasing carbon sequestration and 15 (biodinersity [701% &% 12 B T B o o Rl b B 15
protection) by promoting ecosystem development. (CEMBEERE) OERICERT B LATETHS S,
The aim of this study was to evaluate the potential of short rotation alley cropping systems (SRACS) to *mi"’ B, KAV - I35 2T 2T HIS5RRROBASDLRLRL
improve the soil fertilty of marginal post-mining sitcs in Brandenburg, Germany. Therefore, we annually | £ 5 =?%jf*imﬁ‘ﬁ’fﬁ‘¢'f YATL (SRgtf) DR ERET B & TH
investigated the crop alleys (AC) and black locust hedgerows (ABL) of a SRACS field trail under initial soil fé;w;;z;% Bﬂfif??ifzﬁigzﬁgggiiﬁf@z@?f [}L’:T ﬁ'f*’f,g
conditions to identify the short-term effects of tree planting on the storage of soil organic carbon (SOC) and| B (AC) TS v l‘:l—?:l‘xﬁﬁ (ABL) *éﬁiﬁ?.ﬁﬁ Ui, ZOER. ABL
is degree ofsabilzation by densiy fractionation. We detected a signficant ncrease in SOC and hot- | {FRE2 M) 52 A P SO AT 00 SRR S K DR A
The of soil organic organic C (HWEOC) at ABL which was mainly restricted to the uppermost il yer (0 |, =32 00 & 0 e e S B S0CH £
carbon under young black locust |10 cm). Afer 6 years, the SOC and HWEOC accumulation rates at ABL were 0.6 Mgand 46 kg ha1 | i bl o), 1220 S B8 LR B 2 1% BEEEAR =8 7 A Michael Kanzler [
(Robinia pscudoacacia L.) tres |year-1, which were higher than those in the AC. In additon, comparatively high stocks of approximately | 2TV EO-IEVERECTUE TR WA e e R I oot 2 S g [New Forests | Christian Bihm 2021 | 52 4768 | EN |F5 25U ILHM |Robinia pscudoacacia L.
at a post-mining landscape in  |4.6 Mg OC and 182 kg HWEOC ha-1 were stored in the ABL liter layer. Density fractionation of the 0-3 e B =1 0MeDOC = 182ke . Dirk Freese WiEH

ZLEWMS NI, ABLOO-3emTIEBEEESNET 5 &, LSOCHOKES (47%) 1
MR TRABRYES EHRENTEY . ChIFACOAUEULETH 1=, —H.
ABLT (ZBIZE LM FRABYES SSOCH & Y B, M OBRICHEHIATS

em soillayer at ABL revealed that the majority of the total SOC (47%) was stored in the free partculate
organic matter fraction, which was more than twice that of the AC. At the same time, a higher and steadily
increasing amount of SOC was stored in the occluded particulate organic matter fraction at ABL, which | ) o h oAl ne
indicated a high efficiency for SOC stabilzation. Overall, our findings supportthe suitabiliy of black locust | 7+ SCCPRRIEILBLNNRABS £ MTS iz, UEDCEME, TT Y
O—hR MY —HEELEEO TRBXEZRA LS EZDICELTEY .. TOR

trees for increasing the soil fertility of the reclaimed mining substrate and, consequently, the high potential y g ! Shegls
N N N + SRACSH| FEICBTD 7 FRELTHETSAHEENEL L
for SRACS (o serve as an effective recultivation measure at marginal sites. i?nﬁé i B A HNCEMETR BT SRR
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Assessment of Forest Ecosystem

Development in Coal Mine
Degraded Land by Using
Integrated Mine Soil Quality
Index (IMSQI): The Evidence
from India

Research highlights: (1) Ecosystem development assessed in an afforested post-mining site. (2) Soil organic
carbon (SOC) and total nitrogen (TN) stock reached close to the reference forest site after 25 years of
afforestation. (3) Integrated mine soil quality index is developed to assess the reclamation success.
Background and Objectives: Estimation of the mine soil quality is one of the most important criterions for

the success and of novel ecosy of the post-industrial degraded
lands. The aim of this long-term experiment was to investigate the influence of revegetation on Technosol
(defined as anthropogenic soil resulted from reclamation of mine spoil materials) as the basic ecosystem
development. Materials and Methods: A field study was carried out in the chronosequence afforested post-
mining sites (5, 10, 25 years) and compared with natural forest site. We assessed the physicochemical
properties and nutrient stock of mine soil and estimated general mine soil quality by using an integrated
mine soil quality index (IMSQI). The studies were fully randomized in the chronosequence of afforested
post-mining sites. Results: Nutrient dynamics and soil properties (physicochemical and biological) were
recovered with the increase age of reclamation. Soil organic carbon (SOC) stock significantly increased
from 9.11 Mg Cha™' in 5 years to 41.37 Mg C ha™' after 25 years of afforestation. Likewise, total nitrogen
(TN) stock significantly increased from 1.06 Mg N ha ™' in 5 years to 4.45 Mg N ha™'
revegetation. Ecosystem carbon pool enhanced at a rate of 6.2 Mg C ha ' year . A Principal Component
Analysis (PCA)-based IMSQ index was employed to assess the reclamation success. The most influential
properties controlling the health of reclaimed coal mine soil are fine earth fraction, moisture content, SOC
and dehydrogenase activity. IMSQ index values are validated with vegetation characteristics. The estimated
IMSQI ranged from 0.455 in 5-year-old (RMSS) to 0.746 in 25-year-old reclaimed dump (RMS25).
Conclusions: A 25-year-old reclaimed dump having greater IMSQI (0.746) than reference forest soils
(0.695) suggested the aptness of revegetation to retrieve soil quality and function in derelict mine land.

after 25 years of

HMEONA T4+ () FEERICHER SN CTOEBRROFEEEFMELz. O
BABKEK (SOC) BLULEFR (TN) BHEL. 25FMOEMHER. ZERMY 1
FEFERCIZE 0T, 3) BOHITHORMEFMT =0 OHAMZMILTIERH
ERERMRE L. HREAMMUTRORETMES. EXEHROTEBICETS
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BLEME L CEYFH) (&, EXFHOEME EDICEE L. LRARRE
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Ehb, #ESNEIMSQIE. SEB (RMS5) D0.455H 525 B DEBIF VT
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Effect of Fast-Growing Trees on
Soil Properties and Carbon
Storage in an Afforested Coal
Mine Land (India)

Surface coal mining activities have numerous consequences on terrestrial ecosystems. Loss of soil and
biomass carbon pool due to mining activities is a serious concern in the rapidly changing environment. We
investigated the effect of fast-growing trees (Albizia lebbeck, Albizia procera, and Dalbergia sissoo) on soil
fertility and ecosystem carbon pool after eight years of afforestation in the post-mining land of Jharia
coalfield, India, and compared with the adjacent natural forest site. Significant differences in soil organic
carbon (SOC) and total nitrogen (TN) stocks in afforested mine soil and natural forest soils were observed.
Greater SOC stock was found under D. sissoo (30.17 Mg:C-ha=1) while total N stock was highest under
A. lebbeck (4.16 Mg'N-ha—1) plantation. Plant biomass accumulated 85% of the natural forest carbon pool
afier eight years of aff ion. The study concluded that planting fast ing trees in post-mining lands
could produce a promising effect on mine soil fertility and greater carbon storage in a short period.

REARFEEDE. EEBRICSORBEREFLET, RLEFHICKD TR
PNALAIRAORFT—LORKEF, BECELT ZERICEVTRATESHER
TY. AV FDOT v U 7REOKEEEZOLIBISVEMOEHOEK, BFICHRELTL
BAR(FIEST « LRYY, FLEST - TOES, FARLST « S R—)A L]
BRELEBRRRT—LICREFTRELAEL. BIETIARMBELRLT,

HEH SNSRI TR & R L RICH 11 5 LEBBBER(SOC) & BER(TN) DRI
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Revegetation type drives

The rhizosphere arbuscular mycorrhizal fungal (AMF) community and soil organic carbon (SOC) fractions
are important in vegetation restoration because they can promote plant growth and environmental
improvement in the mining subsidence area of northwest China. However, the effects of revegetation type
on SOC fractions and the AMF community remain poorly understood despite their importance in

Here, we have examined the rhizosphere soil AMF
community and SOC fractions of five revegetation types comprising Amorpha fruticosa (AF), Hippophae

mycorrhizal fungi and soil
organic carbon fractions in the
mining subsidence area of
northwest China

: ides (HR), (XS), Cerasus humilis (CH), and Cerasus szechuanica (CS).
type si affected AMF a-diversity, ities and SOC fractions. The contents of
soil microbial biomass carbon, dissolved organic carbon, readily oxidized organic carbon and readily

glomalin were maximum in HR. We found six genera of AMF (Glomus, Scutellospora,

; C ispora and Diversispora) and Glomus was the most frequently
occurring genus in each revegetation type. Nitrogen-fixing plants (AF and HR) may release large amounts
of soil nutrients to promote the activity of the soil AMF community. Soil pH, SOC and C:N ratio play key
roles in shifting the AMF community. Interactions between the soil AMF community and revegetation
types are key to optimizing the restoration of degraded systems and accumulating soil organic matter. Our
observations may provide fundamental guidelines in the of services and

in vegetation reconstruction in the coal mining subsidence areas

PELEROMELTHHFICENT, BREA7—/RF25—EIRE (AMF) HEL
TRAWRF (SOC) BHE. BYUORREBERELZRETE S0, BEEE
ICEETHD, LHL. BRARCERMEERET 2 LTEETHIICLALD
57, HESA THS0CT SV Y3 Vv EEVAMFBREICEZ S8 IEFE+5 (<8
BEN TV, RBFETIE, Amorpha fruticosa (AF), Hippophae rhamnoides (HR),
Xanthoceras sorbifolium (XS), Cerasus humilis (CH), Cerasus szechuanica (CS) 5\ %2 %5
HEORIES ( TORBELBAMFEES K USOCHEEHE L 1=, BHOEEL,
AMFQo-S451E, 3%, SOCHRICAREUEEEEX -, TRMEM I A TR K
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Carbon Sequestration by
Reforesting Legacy Grasslands
on Coal Mining Sites

Future carbon management during energy production will rely on carbon capture and sequestration
technology and carbon sequest ation mc!hods for offsetting non-capturable losses. The present study

carbon via fon using and modeling for recent and legacy
surface coal mining grasslands that are re-restored through tree planting. This paper focuses on a case
study of legacy coal mining sites in the southern Appalachia the United States. This five million-hectare
region h surface mining footprint of approximately 12% of the land area, and the reclamation method
was primarily grassland. The results of the soil carbon sequestration rates for restored forest soils approach
2.0 MgC ha-1 y—1 initially and average 1.0 MgC ha~1 y—1 for the first fifty years after reclamation. Plant,
coarse root and litter carbon sequestration rates were 2.8 MgC ha—1 y=1 with plant carbon estimated to
equilibrate to 110 MgC ha—1 after forty years. Plant, root and litter carbon stocks are projected to
equilibrate at an order of magnitude greater carbon storage than the existing conditions, highlighting the net
carbon gain. Reforestation of legacy mine sites shows carbon sequestration potential several orders of
magnitude greater than typical land sequestration strategies for carbon offsets. Projections of future
scenarios provide results that show the study region could be carbon neutral or a small sink if widespread

during on was i which is contrary to the business-as-usual projections that

result in a large amount of carbon being released to the atmosphere in this region.
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Restoration of soil carbon with

Vegetation restoration tends to enhance soil carbon storage in severely degraded lands, which is of great
significance to mitigate climate change. In this study, soil organic carbon, inorganic carbon and soil
properties were investi in a restored post-mining area in Shanxi province, eastern Loess Plateau.
Through artificially planting Rhus typhina, Quercus liaotungensis and Pinus tabuliformis (referred to as RT,
QL and PT, respectively), soil water and total nitrogen contents increased significantly. Soil organic carbon
in restored sites increased by 101.9% compared with that of a non-restored site. Accumulation of litter and
withered root with vegetation succession led to the increases of input of organic matter, which was
beneficial to improve soil organic carbon storage. QL had significantly higher organic carbon sequestration

EEREICKY, ELLBELE-TOTRRAGHELNENT 2EALAHY. &
NERBEZEBOBHMOL-OICFRI-EETHD, ARETIE. BLBREDOWLE
HIHHFEBIICH T, LEARRK, BRRE. LEMEERAELE,
Rhus typhina, Quercus liaotungensis, Pinus tabuliformis (£ ZART, QL. PTERE
) OALHEHIZ&Y, HEAkNBLLBRENARICHMLEZ, LEARRE
(&, JEETHICHEARTI01.9%EM L1z, HEBBICHS ) 2 —ORNROEHENE
BODBARZEMES ¢, LEABRFOFHEM LI LD EMNTE . QLI

Rhus typhina

different tree species ina post- | (| 59 { ha~1 yr—1) than those of other tree species, which might be attributed to higher nitrogen OHEEY LABISHEOERBREE (159 ha-l yr-1) ERLIEA, ShIEEL | Feological Meifang Yan 2020 | 158 | 1 Null pN |PELES Quercus liaotungensis
mining land in castern Loess | and litter input. Soil inorganic carbon accounted averagely for 70.1% of the total carbon storage. | 2 o AR & 1) 8 — DAL THEBONS, TROBMBREL, FHL T2 Lina Fan BRI Pinus tabuliformis
Plateau, China Howener, re-vegetation had no significant influence on soil inorganic carbon which was closcly related with Eiig%mg.&g@f}% ;g.»ﬁﬁgi‘ ﬁfﬁ'{i’%ﬁﬁiﬁf*iﬁ%ﬁf&%
soil parent material and climate. Our results sugeested that abandoned mine lands might serve as C sinks |- kﬁ’éi;:k N CRRBIRRL L r;;&iéaﬁté NEE e ';;ﬁﬁéé e 7
through appropriate restoration management. Indigenous QL would be sutable to be recommended as the | gez8 01 (2 24k L fo L O BABEI- 2% LIMVEE L CHESHB0I-E LT
preferred species for reclamation management of degraded lands. Because of a short duration of BeEALND, £f WEBBISfES LREEEEOMEL M8 - Liiains
restoration, the dynamics of soil inorganie carbon during vegetation succession needs to be further studied |12 551} 2 i 2 By % RIS A = R BB D Inl-F BF-tbl, AR N
to reveal potential C sequestration mechanism in arid and semi-arid regions. B, EBHEBHEABETHS.
The open-pit mining method has a very large ecological impact. It causes the loss of forest vegetation . . _ _
which decreases CO2 absorption. Measuring the amount of carbon stored in plant biomass can represent ﬁi"‘:f Y BRIEIS iﬁf%”%g”tﬁ'i*ﬂ“ S, copRERLIE D
the amount of CO2 that can be absorbed in the atmosphere. The objective of this research is to determine ?ﬁkiggéﬁaig N g?{g o %g’i‘; ?Z ;:f[‘ﬁg ?g hé’g;;;—' éf]"g?é’
the carbon sequestration of Albizia saman and Senna siamea in different age classes at PT MHU Busang |53 2% 200 S5 ) oo iS5 00 205 0 D e = 2 o
Estimation of Above Ground |Jonggon Block, Kukar, East Kalimantan. Estimation of carbon sequestration in the stands of A. samanand | 2 = 2 S27 220070 NI 2% 208 el S8 S 9N DTN BT
Carbon Sequestration in S. siamea was carried out by non destructive methods using biomass allometric equations while in ST AT DA RIS B RO E L. W oT ) R [ Joumalof Widya Fajariani LU RRLT
o|Trembesi (Albizia saman) and  |understorey and liter using the destruction sampling. The results showed that the highest carbon absorption| =20 3% 7 22 B0 J 2 2 DRy 08 P M B 72 S | Tropical Med: Hondra 00| s | 2 115-123 | EN |fim )2 ok gy |Abiza saman
Johar (Senna siamea) at PT value of A. saman was 314.28 tons/ha which appear at six years old stands and the lowest value was . LORR. Ao ORERERIREITI428 T, BB CEEge |Bodversiyand [ O Senna siamea
:\(A\Jl!ti Harapan Utama, East 193./3h 1 to:§ﬁklxa at three years old sm?;lswhl‘l;: the dhi}%hclst carbon] absorplzi?\(;;a]uc o/: s. siahmca was 11 1,2‘.65 19331 ko haC a1t S. 57 A 7 (BB R FIRER115.65 /T Y . of [Botechnology
alimantan. tons/ha which appear at nine years old stands and the lowest value was 24.64 tons/ha at three years ol a1~ = N . 9 N e - 8
stands. A. saman could be more promising plant species than S. siamea according to its higher level of H&U;ﬁguggﬁfle?ﬁt L’ rhaﬁsii’;j:,, ﬁ;;ég,ﬂgaifigggéggg
carbon sequestration and their high adaptation level. All data from this study could suggest several YAt C DRRDICHT 5 (&, FHEER -5 2 H R AL ES
infurr\:\aliun for increasing carbon sequestration level in forest ecosystem as well as achieving forest b, BHELOBNEERT 5000 DADOFBRERET 2 TR D .
purpose.
The main aim of these studies was to determine the potential for carbon sequestration in brown coal open- | = 41 & PBFE DT 4 B#I%. IBRBERIEYSELIENT. 239 YTY (Pinus
cast mine by phytoremediation using scots pine (Pinus sylvestris L.) and giant miscanthus (Miscanthus x sylvestris L) &R R % (Miscanthus x giganteus) #MZEBN=T 74 FL AT T—
giganteus) plants. This paper presents relationships between soil organic carbon (SOC) sequestration and |3, 3 4= k 2 R BB O AR EB S =T 5= & ThHole. ABXTE. F—35
carbon p in waste dump ted with open-cast lignite mine in Central Poland. The U RhREIZHHBEFRE Y BRLILOEEMNIEISICH(+ 5 LIEEMRE (SOC)
research is the continuation of previously carried out experiments, but was conducted in field conditions. In|gr@2 & % D7 4 F £ RF VY 3 VOBRIZOVTIRRZ, OWEIE. LIFT<
reclamation of post-mining landscapes, during field experiment, an effect of sewage sludge, compostand  |{Thn1-EBROBETH DA, T4 —IL RERTTEHRS NS, FEEOSBOE
lake chalk and in of plants was i . The impact of soil amendments on | £(2 50T, FKFER. M, MEABOHE LY EDEARDEDHEE
carbon stock, CO2 emission reduction, plant biomass production and carbon content in shoots and roots |7 4 — )L KEERCTHE L1z, THEBBHMARESHE. CO2EHEIRE. #H/ 1 Agnieszka Placek-Lapaj
was studied. The highest SOC stock was found in soil treated with sewage sludge (33 Mg*ha—1) and FIREER. FFLRORREFRITSZIHBITOVTRI LIz, TKER Anna Grobelak
Post — Mining soil as carbon  |compost (45 Mg*ha-1) stabilized by lake chalk. These fertilizer combinations also contributed the mostin | (33 Mg*ha-1) &HBE (45 Mg*ha-1) TRE(LWMEL =T, BHHLSOCA  (Journal of Kemysatof Finlkowski A Pinus sylvestris L
11|storehouse under polish relation to CO2 emission reduction through SOC stock (83 Mg*ha—1 and 127 Mg*ha—1 respectively). In | b v 2 AR S htz, Ffz. ThODEHOMAESDEIL, SOCHOEICELSHCO2 |Environmental Bal’;(’am smjgx : 2019 | 238 307-314 | EN ﬁﬁg%fﬂ Ykl Misc’a’nﬁws’ X gigantous
it addition, greater amounts (60-100%) of soil organic matter was converted into humic acids fraction. This |t ZHIRISB L HM L 7= (T EN8I Mgtha-l & 127 Mghha-1) o Ffo. £IBE |Management |10 o0 g
phenomenon could be the initial stage of the progressive process of organic matter deposition and carbon  |##1MD60-100% M EERE S ITEH S hiz. CORRIE. KRR b3 =TI E Mg] 8 Kacprzak
fon in post-mining arca. Carbon | was through carbon bound in |17 2H WD & REFBOETREONUBRRTH S TRIEND S, KED eorzaty Bacprad
plant tissues. The highest carbon content (60%) in both plant species was recorded in treatments with T74 b RTFL—Ya VR, EBPHEBICHES LREBICE>TRESLI, T
sewage sludge and compost with lake chalk. Stabilization of compost by lake chalk application was good ~ [K5iE & MBEEE ALV VAR MUETE. MENETRLBVRRAEHE
method to improve the efficiency of carbon ion in soil and carbon p jon. Improving | (60%) AREE Lz, MBEBEREICLZIVRZ FOREILE. LEBORK
the efficiency of these two processes, through skillfully selected soil additives and plant species, may be  [FFEEREI 74 +£Y AT bOHREALSELZRVIETHD. TIREMWA
used on a larger scale in the future as an alternative to the storage of carbon dioxide, especially in degraded fﬁf?gﬁgfziﬁfz@ '\'— ;‘-; ‘;2 2 éib;;;?;g{:g;&@fﬂi 3 Fﬁ]ﬁi;;g &
areas. C el s i —BLRR < H <
[F&EYXBBITFASh SARMA DD,
Mining activities for mineral resources over the years have resulted in major soil damage. Due the removal | e =44 2 srmpomim Dimimer gy TR kS GAA—SEERCEE UL, B
process of desired mineral materials, soil extures have been destroyed, various nutrient cycles have been | v o2 1o ' ¢ SRR T, TIEDREAGRES f1. &% X5 4 FHEEAE &
disturbed, and microbial communities have been altered, affecting vegetation and leading to the destruction |41 " i me s A A AL U . HBA B B% 5 % . % < DETEAL L HOREIZ 7%
of wide areas of land in many countries. Therefore, soil restoration of abandoned mining lands became a |35 1=gy T Z01=8h. WES hi-SEILFRMO LIRIER(E. A AE S HER
very important part of sustainable development strategies and also prescribed by law in several countries.  |DIEBICEBHEHELY . FEOLOADETILERTHESATVES, & Mihai Buta
The main aims of this study were to develop an ecological land restoration strategy to the degraded lands | DEHZBHIE, L—T=F D kS5 VL NA=T A LERIEET 59 L—a Gheorghe Blaga
Soil Reclamation of Abandoned  |due former kaolin, quartz sand, and iron mining located in Aghiresu and Capusu Mare in Cluj County, in  [B7 ¥ L2 bh—TFLav—LIcHBBHAY >, B, SIEORENMIR Laura Paulette _ natural grassland
Mine Lands by Revegetation in |the Northwestern part of T from Romania and monitor soil quality changes over 40 years. To | § % 48 M T IS WM EMA L, 0FMOTREHLLEE=4—F5HET Toan Pacurar "'::7 _71« o pasture cover
12[Northwestern Part of assess the effectiveness of soil reclamation of mine lands, 30 soil profiles were examined and 450 soil H5. HUHBOLIRFEOHREFES 578, 300LETO T —LERE  |Sustainability  Mrs. Sanda Rosca 2009 11 | 12 3393 EN | ; j o " Q;}7 s [black locust
Transylvania: A 40-Year samples were collected from three depths (0-20 cm, 20-50 em, and 50-80 cm) and subjected to physical [L. 3DMFEE (0-20cm, 20-50cm, 50-80cm) A\ 54500 HiH > 7 )L ERE L TH Orsolya Borsai SRR Norway spruce
Retrospective Study and chemical analyses, and compared for their sustainable and beneficial use. All the proposed plant covers| 32 - IS ET LN, FOFHEUN DBB LR AR ZHBRE L1z, BRELETA Florina Grecu scots pine

(natural grassland, pasture cover, black locust, Norway spruce, and scots pine) significantly improved the
overall soil quality with the increasing years of reclamation following various patterns. Pasture cover most
significantly enhanced the soil’s microbial activity, organic carbon, nitrogen, phosphorus, and potassium
content followed by natural grassland. The results of this study show that considerable changes in soil
quality was reached by revegetation of these abandoned mine lands restoring their ccological integrity and
sel ility.
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Dynamic Changes in Carbon
Sequestration from Opencast
Mining Activities and Land
Reclamation in China’s Loess,
Plateau

Opencast coal mining causes serious damage to the natural landscape, resulting in the depletion of the
carbon sequestration capacity in the mining activity. There are few studies on the variation of carbon
sequestration capabilities caused by land use changes in opencast mining areas. This paper uses six images
were used to quantify the changes in land use types from 1986 to 2015 in the Pingshuo mining area in
northwest China. At the same time, used statistical analysis and mathematical models to study soil and
vegetation carbon sequestration. Results indicate that the total carbon sequestration exhibits a significant
downward trend from 4.58 x 106 Mg in 1986 to 3.78 x 106 Mg in 2015, with the decrease of soil carbon
sequestration accounting for the largest proportion. The carbon sequestration of arable land accounted for
51% of the total carbon sequestration in the mining area, followed by grassland (31%) and forestland
(18%). Land reclamation contributed to the greatest increase in carbon sequestration of arable land from
17,890.15 Mg (1986) to 27,837.95 Mg (2015). Additionally, the downward trend in the carbon
sequestration capacity of the mining ecosystem was mitigated after 2010 as the positive effects of land
reclamation gradually amplified over time and as the mining techniques were greatly optimized in recent
vears in the Pingshuo mining arca. Thus, terrestrial carbon sequestration can be improved through land
reclamation projects and optimized mining activities. These results can help guide the utilization of
reclaimed land in the future.

A—ToF v X FOBRFRE. BARBRAGH A —CE52. TORR. &
WEBICHTERBEBENIHEET 5. A—ToFv X MRBBICH 12 LT
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LTI D FHIRIEH 151986 EH 52015FEFTOLMFARBEOELEES
LT 2-0IS, MOBEREEALI, RIS, TREBEDRRFRERKT 572
HAMEBBETINEMEA LS, TORR, BRFRIEIL19865F04.58%

106 Mgh 520154 13.78%106 MgE THELBMERZR L, LEORFRIIREDR
PHRBLRELBNEELEH TS ENPSMNE oz, BMERORRRINEIZHSD
ZHBOBIEIES1%T, Fith 31%) . #Hith (18%) HZAITH . BHEORER
URE(E, 17,890.15 Mg (1986) A5 27,837.95 Mg (2015) ~EJH R E ML I=DI&
FHROBRTH D, EoHIC, BOITICEDTTAOMNREMNEME & BICRRITH
&N, EE, THIREQRBRITA KRS BB T hizfzh. 20105 LUK, SELL
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Reclamation of coal mine spoil
and its effect on Technosol

quality and carbon sequestration:

a case study from India

A field study was carried out to assess the impact of revegetation on Technosol quality in the post-mining
sites (Central Coalfield Limited, India). The study evaluated community structure, biodiversity, Technosol
quality, and carbon (C) dynamics in the post-mining ccosystem (PME). The multivariate statistical tool was
used to identify the key soil properties, and soil quality was evaluated by using Technosol quality index
(TQI). One unreclaimed site (0 years) and four chronosequences revegetated coal mine sites (3, 7, 10, and
15 years) were studied and compared with an undisturbed forest as a reference site. Plant biodiversity
indices [Shannon index of diversity (2.42) and Pielou’s evenness (0.97) and Patric richness (12)] were
highest in 15-year-old revegetated sites. Soil physicochemical and biological properties were recovered
with the revegetation age. Soil organic C (SOC) stock significantly increased from 0.75 Mg C ha=1 in 3
vears to 7.60 Mg C ha-1 after 15 years of revegetation in top 15 cm of soils. Ecosystem C pool increased
ata rate of 5.38 Mg C ha-1 year—1. Soil CO2 flux was significantly increased from 0.27 umol CO2 m-2 s~
1 in unrechimed sites to 3.19 pmol CO2 m-2 s=1 in 15-year-old revegetated site. Principal component
analysis (PCA) showed that dehydrogenase activity (DHA), available nitrogen (N), and silt content were
the key soil parameters that were affected by reclamation. A 15-year-old Technosol had a greater TQI
(0.78) compared to the control forest soils (0.64) that indicated the suitability of revegetation to recuperate
soil quality in mining-degraded land and to increase C sequestration potential.

FIEDY A b (Central Coalfield Limited, 1 > F) DT/ VI GHEISHT BH%E
EEOHEEFET 5720127 1 — L FEELNREEShE Lz, COWRTIE, F
WEOEER (PME) [THTIHEMEE. EMSHE. T/ VILORHE. B&U
BE (C) DFLFIHVREFELEL:. SEEHEY—LEEALTEELLIR
HHEREL, 7Y/ VILREER (TQ) 2EALTLRSEEFMHELE L. |
DORBEYA b (0F) L420DH 0/ V—F VATEBES RIS A (3
7. 10, B&UISE) pAESH, BRI A b LTOEShTORVERE B
NE LT, BOOEMSHIEER(D v/ D OSHMEER Q402) LETL—0H—
% (0.97) BV IOBEE (12) ]I, ISFFOEEMTREEN 212,
TEOMBLPHE L VEMPORBEL, BEREFHE S HICEELFE L, £
BABC (SOC) R kw4 (30.75 Mg Cha > RIS 18/ L & L fz LD EEF15emT
ISERMOBEEER. 3FEMT- 1M 57.60 Mg Cha-11TB Y ET, EERCT—LIE
5.38Mg Cha-14-1DEIE THIA L1z, TIBOCO2T5 V) A&, RELEYA + O
0.27umolCO2m -2 s -1\ 3.19pmolCO2m - 2 s - HIZKIEIZHM L & L=, 1SEODHE
T, ERAHH (PCA) X, TE FASFF—HEHE (DHA) . FIATHRLGESR
N) . BRUVL FEHEDN, BHITICE>TEEERTITELLRAS
A—B—THBHIEERLEL I, ISBOTY / VILIEHBHRMLIR (0.64) L
BLTTQI (0.78) AEL ., MESHLL-THOLESHUEEML . CRED AN
EBmHL-ODBEREDOHEEMEERLE L .
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Development of Technosol
properties and recovery of
carbon stock after 16 years of
revegetation on coal mine
degraded lands, India

Surface mining is recognized as one of the essential anthropogenic activities which drastically disturbs the
cosystem. To offset the impacts of surface mining, revegetation is widely used to restore the disturbed
landscape. The present ficld study was carried out to assess the status of an ccosystem structure, soil
quality and C pool of the 16-years old revegetated post-mining site and compared to an forest

BXIEY &, EERERMCETEEZABMFHOIDELT ERTWET,
BRIEY OEEEERT 200, HEBGE. ANAREUTT 27DITKL
FEASATWET, REDT «—L FRER. 16FMIHEERE LRIBROY A
FOEERIEE. LROH, CT—LOREEFMEL. AShTOBOERY A b
BT ROISRBENE LI, SORDIS. 75/ VILOMBLEH, EHFEMH

site. For this, biological and hy properties of Technosols were analyzed, and
differences in these parameters were quantified. Vertical distribution of soil nutrients (NPK), soil organic
carbon (SOC) and soil inorganic carbon (SIC) were assessed in the upper 100 cm (at an interval of 20 cm)
of Technosols and forest soils. After 16-years of revegetation, autochthonous tree species comprise 17% of|
the total tree population on the reclaimed site. Technosol quality was increased in terms of accumulation of
SOC, available nitrogen (N), and available phosphorus (P). SOC and total N stock recovered in Technosols
were 70% and 47% of the reference forest soils, respectively. Likewise, after 16-years of revegetation,
ccosystem C pool was 33% of the undisturbed forest site. Increase in C pool can be attributed to the
development of plant biomass C, accretion of SOC and litter C pool. The study provides an insight into the
magnitude of nutrient content and development of ecosystem C pool in a reconstructed ecosystem and
importance of revegetation of post-mining sites to offset CO2 emission. The study concluded that plantation
of multipurpose tree (MPT) species will improves Technosol quality, facilitates natural colonization of
native tree species and increases ccosystem C pool along the age of revegetation

BEUVKIZHHEEADTEN, ChEDNRFTA—E—DBVHNEELShEL
foo LIMES (NPK) . HIEEHER (SOC) &L ULMRBRROEENH
(SIC) &, 77/ VL EFMLED LEFI00 cm (20 cfiiFE) TEHEiEhE L
Tz o 16FMORIEDOHK. BEHER, BOITHOBBAAODIT%ZEHTL
FY. T/ VLORKEE, SOC, MATELGRER (N) . BLUHFATHREL) >~
(P) OEWELTALLELz. T2/ VILTERENI-SOCEUNERER.,
SBERLEOTITNT0%E47%T LIz, FBHKIZ. 165MORILO%K., EERC
T—LEFE SN TOEVFKT A FD33%T LI, CT—LOBMIE, Y/ 14T
ACOBI%. SOCHOEM, BEUYE—CT—LIREAT BAREMLAHYET. D
HRE. BRESNERRICBTIRBREHBLERRCT—LOKEOKRE
&, BRUCOHERRT 21O FMROY 1/ FOBBENEEHRICOLTD
ARERBELET. BRERO& S ISR TELESEMEAR (MPT) EOMEK
E. 7O/ VLOREERLEE. ERBEOCBAERBIEEREL, HERHD
BRICH > TEBRCT—ILEMMES BT,
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Long term carbon sequestration
potential of biosolids-amended
copper and molybdenum mine
tailings following mine site
reclamation

Management and reclamation of industrial mine sites for carbon (C) sequestration is an emerging technique
for offsetting ic C emissions. Land of municipal biosolids is an effective method for
lamending closed tailings storage facilities and providing the nutrients to establish a vegetative cover.
Biosolids applications can influence the C sequestration potential of tailings and other mine wastes at the
onset of reclamation by initiating soil development processes and enhancing primary productivity, thereby
leading to increased accumulation of soil organic carbon (SOC) over time. The short term ecological
benefits of biosolids applications are well understood, but the long-term (>10 years) effects of biosolids on
reclaimed mine soils are under-researched. The objective of this long-term study was to determine the
effects of biosolids applied in 1998 at increasing rates (0, 150 and 250 dry Mgha~1) on the C sequestration
potential of a copper and molybdenum mine tailings site in the southern interior of British Columbia,
Canada that is currcn(ly undergoing reclamation to a pasture-based ecosystem. We assessed changes in C
pools, plant and select soil atan 1 research site at the
Bethlehem Tailings Storage Facility over a 13-year period spanning from 1998 to 2011. Tailings total C and
N concentrations increased with time and were highest when biosolids were applied at 250 Mg ha=1.
Carbon pools increased with increasing biosolids application and ranged from 23 to 155 Mg C ha—1 after
13 years of The net SOC rates (ie. the C potential) ranged from
0.72 to 6.3 Mg Cha—1 yr—1 and were highest at the 250 Mg ha—1 application rate. The C storage
efficiency was higher in the 150 Mg ha—1 treatment (0.74 Mg C stored per Mg of biosolids applied),
indicating that lower application rates of biosolids are more efficient at storing C than higher application
rates. Aboveground plant biomass was substantially higher on biosolid-amended tailings (6 and 6.7 Mg ha—
1 for B150 and B250, respectively) compared to the unamended tailings (0.39 Mg ha—1), which suggests
that the increase in C pools was a direct result of organic matter inputs from enhanced plant productivity.
The tailings were naturally high in Cu and Mo, and when amended with biosolids at a rate of 250 Mg ha=1,
clevated levels of Zn (as compared to federal soil quality guidelines) were detected. The unamended
tailings increased in alkalinity with time, whereas the pH of the biosolid-amended tailings remained stable
around neutral. This study demonstrated that a single application of biosolids can facilitate plant production
and the accumulation of SOC on mine tailings for more than a decade, and supports the use of biosolids for

long-term C ion on reclaimed mine sites in similar environments.
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RORRLIERTORBEROLIBFIAE L TOZRROBMERE. KEFORE
Development of secondary forest as post-mining land use in the surface coal mining degraded sites is of | (C) %WmBET B ATHEAEA B B 1= ROBOLAEL. CORROBMIL. Kl
high research interest due to its potential to sequester atmospheric carbon (C). The objectives of this study DIRHIL THOIRILLIRDK & COREED AT R DR E 2 EBMIFHET 5 & TL
were to assess the improvement in mine soil quality and C potential of the post feo LIS T, COBRIE, KRBABFEYRRTOC Y b (Central Coal
reclaimed land with time. Hence, this study was conducted in reclaimed chronosequence sites (yuum, Fields Limited, 4 > F, Sv—)LhY F) OBEShEI0/ =S URYA b (&
intermediate and old) of a large open cast coal project (Central Coal Fields Limited, Jharkhand, India) and |LV, ®f. &) TEEIh. ERHFBSBHEMT A b (SalfF#k. Shorea robusta) &
Assessment of carbon results were compared to a reference forest site (Sal forest, Shorea robusta). Mine soil quality was HBEShELI. . BLOTEDNEZ. LEARRROESHOBANSFHINE
sequestration potential of assessed in terms of accretion of soil organic carbon (SOC), available nitrogen (N) and soil CO2 flux along [ L1z (SOC) . FIATHREARE (N) B&ULIECO2T75 v R LEERBEOEN, Journal of P Dalbergia sissoo
17|revegetated coal mine with the age of revegetation. Afier 14 years of revegetation, SOC and N concentrations increased three and | 144E DA E M. SOCENDEEIFFATNMELMEICEML, SBYA FER Environmental |V1endra Ahirwal 2017 | 201 369377 —AH EM) | Heterophragma
overburden dumps: A five-fold, respectively and found equivalent to the reference site. Accretion of SOC stock was estimated to [ T#H2Z EAHMY E LTz, SOCR kv DEMILIIMg Cha-15F-1 EHEE S M: " Subodh Kumar Maiti - P denophyll
chronosequence study from dry [be 1.9 Mg C ha-lyear-1. Total ecosystem C sequestered after 2-14 years of revegetation increased from 8|f=, 2~ 144E YHE4E EI1H 4 (< FRBE & M= #AERERCIE, 8 Mg C ha -1V 590Mg C ha -1 | & o 8emen B acenophylum
tropical climate Mg C ha-1 to 90 Mg C ha=1 (30-333 Mg CO2 ha~1) with an average rate of 6.4 Mg C ha-lyear—1. (30~333MgCO2ha-1) ITHIML, FHREK64MgCha- 1ETL . 1. M E
Above ground biomass contributes maximum C sequestrate (50%) in revegetated site. CO2 flux increased |&B0D /N4 AT R 1E. MM THRADCHEEE (50%) 2F5LET, CO2T7FvH R
with age of revegetation and found 11, 33 and 42 Mg CO2 ha~lyear-1 in younger, intermediate and older |(&. 4 EEDEEHE &£ (ML, 11, 33, 42MgCO2ha-1year-1T, ThE
dumps, respectively. Soil respiration in revegetated site is more influenced by the temperature than soil . B PR BWE VT TROMY E LTz, BERELSHOLEITRIE,
moisture. Results of the study also showed that trees like, Dalbergia sissoo and Heterophragma KD K Y LBEOREERRITET ., HROFHEREE . Dalbergiasissoot®
adenophyllum should be preferred for revegetation of mine degraded sites. Heterophragmaadenophyllum® & 5 %8 A A ERIL D $1E L = 3BFF DAL IFEN BIE
FTTHHLERLELL,
Edaphic Conditions soil fertility imp and enhances biodiversity on mine dumps. The objective|SEILBF b Tld. LISk YAREAREEh, EMSHENE LT 5, AHED
Aboveground Carbon Stocks and |°F e $tudy was to determine the status of edaphie conditions; aboveground carbon stocks: and plant BEIE, TN, B ENOREENR. 5L UBNOSHEORRERSAT Mukaro Edeth
plant Diersity on Nickel Mine |G- The study was conducted on nickel tailings dump revegetated with Senegalia polyacantha aged 8, | = & THd, ARG, SUNTIOSE, 9F, 10, 1IFZBLISenegalia  |Land Nyakudya Innocent SunTIT
18 Taiings Dump Vegetated with 9, 10 and 11 years in Zimbabwe. Results showed high bulk densities and pH values; low organic carbon;  |polyacantha THIE L == v 7 JLERHEBIBICE D TRES hiz, TOHE, HULVE  |Degradation & Wadzanayi 2017 | 28 1641-1651 | EN\ T e
Sencaalia Cwild) deficiency in K; and toxic levels for Ni and As implying that the tailings materials are still marginal for HEEpHIE. ELVEHKE. KODRZ, NiLAOFHELALASTREN, SEEAHEE |Development Jimu Luke
Seigler & Ebinger - Limited presence of woody species suggests that the substrate is not yet suitable Eﬂfééﬁéliliﬁf: BRTHD & b‘il’_&éﬂ.fzﬂ E3:N JF%EV_JEE%&#JVP*;
$ & for colonization by such species. WS EMD, COESBHMERTESES BRBTRENS EMNTRENT,
of opencast coal mine significantly ameliorates the degraded edaphic characteristics. The BXEYRBOBITE, $ELIBHEEENEHET S, TERLEROE
long-term changes of carbon (C) and nitrogen (N) pools in reclaimed mine soils (RMSs) in the Loess IILTIRICH T BRE (O BLUER (N) T—LORPMAEEISOVTIE,
Plateau, China, have not been sufficiently elucidated. In this study, six types of reclaimed forest stands TREASNEZEFEALL, ARRTE. WEEEMHRRIEY REIELT, 6
(with similar reclamation age between 22 and 25-year) and three age chronosequence reclaimed croplands [FESEMIRI# (B FH22~25%) LIMEOERPIEI LM EILFEH2. 7, 18
(2-, 7-, 18-year of reclamation) were identified in Pingshuo opencast coal mine, Shanxi Province, to ) EHEL. RMUSOSOCENT—LERE LTz, BHET HHMEBEM, LU
determine SOC and N pools in RMSs. Adjacent, undisturbed sites of forest and cropland and unreclaimed |RBHED FO Y h£1) 77 LY R E LTHRRLEz, ZTOHKR, BI#22-25FDSOC Ye Yuan
Soil organic carbon and nitrogen [plots were selected as references as well. The results showed that 22-25 years after reclamation, SOC and | ENT—JLIZFEHRMSHI THEITRLY, ThENI1.66H 569.10 Mgha-1, 945.14 Zhonggiu Zhao
pools in reclaimed mine soils [N pools differed significantly among forest RMSs, ranging from 11.66 (0 69.10 Mgha-1 and 945.14 10 [#\53145.83 kg ha-1 £%3Y), T HR. pseudoacacia-P. tabulacformisFHIESOCENT—| 0 . o Pengfei Zhang hELEE R pseud
19[under forest and cropland 3145.83 kg ha-1, . among which R. P. is forest had the greatest WEBREABEREM T, & DI, BEHBORMSIZE I BSOCEND T—L cological Luming Chen 2017 | 102 137-144 | EN |BXRIEY Rk - pseudoacacia
ccosystems in the Loess Plateau, |SOC and N pools and sequestration rates. Moreover, SOC and N pools in cropland RMSs increased across | &, FAEERDERIETHEML, ZREN644M 51949 Mgha-1, 666.55H 5 cngineering Ting Hu P tabulaeformis
China reclamation age chronosequence, ranging from 6.4 to 19.49 Mg ha=1 and 666.55 to 1554.73 kgha=1,  [1554.73 kg ha-1 Tdp 2 F=, EIBORMSIZE I+ %SOCENDRIGRE F. FHHMRAIC Shuye Niu
respectively. The sequestration rates of SOC and N in cropland RMSs followed polynomial function across | S HXBMICHE S C Lhtbh otz CNEETOY Mk >TREY . HREZHD | Zhongke Bai
age chronosequence. C:N ratio varied among plots and tended to be higher in RMSs under the mixed forest| RMS TR LMERIAR Shf, SOCENT—)LIdifpH & OB H > 1= KBIE
of trees. SOC and N pools were negatively correlated with soil pH. Our study indicated that SOCand N |(&, BN EES - HEEHEIZE 5T, SOCENT—LIEERBRMICHES D
pools could be improved across age chronosequence through well managed vegetation restoration. R. FHEMEA S H T & & TM LT, R. pseudoacacia-P. tabulaeformisiB&#k & H. thamnoides
pseudoacacia—P. tabulaeformis mixed forest and H. rhamnoides monoculture forest could be effective B/ ALF v —FHHIE, PPRXEY REOSOCENT—LERET 21=0DEHE
fon patterns to restore SOC and N pools in Pingshuo opencast coal mine. BE/NS— U THIAREMEMNTE ST,
The effects of tree species, parent material and faunal bi on carbon and|#, #, B, NV I TEEKRESNR—5 2 FO3DOHILZNE (Piaseczno,
chemical and microbial properties in soil were studied at three post-mining sites (Piaseczno, Szczakowa, |Szczakowa, Belchatow) T. #iff. S4 (£ . SHMBOEMEIA TIEPOR
and Belchatéw) in Poland that were reforested with pine, birch, oak, and alder. The samples were taken | EPR & 164 + MAEMHEIS5X BHEICDVTHE L. F>ILEY 5—FO
from the 0-5-cm mineral soil horizons beneath the litter layer. The samples were analyzed for pH, organic | T (24 %0-5emD3EE THRE, SRS i, HEHL, pH, BRCELNE. 74
C and total N content, texture and based exchange cations. Microbial analyses included determination of |XF ¥ —. HLUERZBBA A VITDVWTHFT SNz, BMEMSHIZIZ. TT
. ergosterol and phospholipid fatty acid (PLFA) profiles. Soil thin section was done to described faunal ZFA—LEY VIEEREHE (PLFA) 7077/ LOBIENEEND, LEHN . .
The effects of ree species and |, ;i the percentage ofthe soil volume occupied by carthworm casts or macrofaunal excrements, |1, TREFHD 35 S 3 XD RORIIADH#MA S 5HE THIADEILE Agniesika Idzefowska pine
substrate on carbon sequestration| g, 1o e'quslity varied considerabl the sites: soil pH ranged from 4.0 t0 6.4, and clay content | £ f-th(= TN, IEOPHIEA0M 564, BEEI%MS16%THY . LIED Marcin Pietrzykowskd P birch
20[and chemical and biological quality varied considerably among the sites; soil pH ranged from 4.0 to 6.4, and clay content st OpiiiE  Om o o o N Geoderma Bartlomiej Wos 2017 | 292 916 EN T2~ i
o y ranged from 1 to 16%. The C:N ratio and other soil properties depended more on the specific combination |HIZIBFFIZ& > TAE K RAE o TIVD, CNEOE DO LIRBIEE, HEOLHE . it oak
properties in reforested post- | b\ o' hoies and substrate than on tree species o substrate alone. h&Y b, B E RROBAHADYEET 5 ENBOME BT, Toms Cajthaml alder
mining soils Jan Frouz
Carbon content and C stock were positively correlated with bioturbation caused by soil macrofauna. RERECR by ok, HEXDWRAICEL ZEMRE L EOHEBENH o1, Tz, £
Bioturbation was positively correlated with soil pH and the content of basic cations. In contrast, C stock  [#HHELIE L fpHE & VERMBA 4V EHREEOMBEAH 1=, —H. REER
was negatively correlated with the fungal to bacterial ratio (F:B ratio). Bioturbation was also positively BEHEBEENAYTYTOLE (FBLL) LAOHEEETRL:. Fiz. £EMBLMEY
correlated with total microbial biomass and negatively correlated with F:B ratio. Microbial biomass was | BIZISEDBBENH Y . FBLICIZADHEMM H o1 WEW/ A AT R(E NES
positively correlated with N content and pH, both of which were negatively correlated F:B ratio. S UpHEEDHEMA H Y . FBLE & FADHEMANH 1=,
Globally, around 10 x 107 tons year—1 of biosolids is generated from wastewater treatment facilities. #RTE, FALEBEED S10<107 F 2/ EDNAF Y )y ERBELTVETS .
Biosolids contain significant amounts of organic matters and nutrients. Therefore, biosolids can be used to [/S1 4V 1) v FIZIZ, XEOHHMOEBANEENTVET, Z0H, /14
improve infertile and degraded soils in certain mine sites. Shortfalls in topsoil, heavy metal-rich tailings and |V ) v FEFIAT 2 & T, SELIMEDOFTEL LR OCHIE Lz LRERETH L
drainage, residual soils with poor physical properties, and low—organic matter soils are common NTEET, RIDFE., ELBEE AT OHK. MENHEOEVVERL
consequences of degraded mine soils. These issues adversely affect soil health including microbial activity, [, EA#PLRIE, Sk LI-SLHRO—BEHGHER TS, ShHOMEGR, # H. Wijesekara
flora, and fauna, thereby hindering reestablishment of the lost ecological integrity. ENOEY, BWE. DYRESCTRORSECBREEREL. DRI ER N.S. Bolan
FOREUOEEZHIF TS, P. Kumarathilaka
Biosolids Enhance Mine Sie | Rehabilitation has been acrh;:aved u: a number of mine sn‘t:s :y ;ncorplora}:mg blc;soh(;s, }\:vm_chldemon:_mm; RAAI Yy FEERTHE LT, B < OULBRABAS . BHTRAEEN m‘rgn;nen?l Kv Eeel:‘i:a.ni‘ge e . — DT
Rehabilaton and Revegetation |32 4 'Oner™ aswgmtezs‘ii;‘ﬁmr s Foar e e BB ELE, CO&>BBEBHTE, L ThOENEN, 5, P |00 |8 - / 4
! ith sses. Furthermore, § N MIHENRBE SN EAERENTIND, E0IS, ChSORBE, REER, | >
the nutrient cycling, water purification, and restoration of plants and increase the recreational value of the |\ g1 * ks EIf (B L. THD LY 1) T— S 3 SEEEBDHD = & T, B C. Saint
land, thereby helping in the emergence of novel ecosystems. LOAEEROHEICEE LTS, A. Surapaneni
M. Vithanage
This chapter describes the composition of different types of biosolids and their generation, benefits, and $ET|¢ SEXFELABEDONAA VY v FOMAE FOERM. FIA, ERAICET
current regulations for use, particularly regarding mine site and TORH. HISLLFOBEEE ANORBEADEAEEZSTBEF LB DL
issues including human health concerns. Finally, challenges and future rescarch needs are identified in Y5, Jikic, BHABEERMRICHZ, A4V FEFSQCHAT
terms of the minimization of environmental complications and sustainable use of biosolids. BHEVSBEAND, RELSEOHR=——IEHLMNT B,
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HHRELER., BROREZ Y FLRALTOBVNEERL. RE (O PEOMORES
Reforestation is often recommended for ecological restoration in mining areas because of tree's high stand- |P?BUR 7{—' w %39‘2’3‘ 5y ﬁﬁ':*fz%’%g%?kg; ;’ftffif ’“f"’v L;f‘
level productivity and satisfied carbon (C) and other nutrient sequestration objectives. However, the C Ll'\ . féj’@ éggﬁ%;ﬁﬁiﬁ; s g‘f‘%o é‘fl %ﬂg'j',i\ by méi i E&li «
sequestration efficiency of different plantation patterns or different tree species s rarely undersiood. In |2 8,0 LR PSS g 0‘37% AEETo ‘: =iy g,: < (17
order to get insight of the C sequestration efficiency by trees and soils of different reclamation patterns in AN sty . = i oo
Pingshuo opencast coal mine, Shanxi Province, China, three different reclamation patterns (developed for fﬁfﬁl (%12 todcréﬁﬂ‘&%‘;‘;fg;g%%f;iﬁu df;:::z‘d:’:':;z‘;;i ;15:‘“;";
17 years) at three permanent fixed plots, broadleaf mixed forest: R. pseudoacacia-U. pumila-A. altissima | LOOOCs PR, b e - Pty
Oy ka—K: BO) , B/ ALFr— 3DDEREEEBCHL
(Plot code: BM), broadleaf conifer mixed forest: R. pseudoacacia-P. tabulacformis (Plot code: BC)and  |go gg o K % f_O lzgﬁg,; W ,7;{' pz;oafxoipmgiif).f;g ;’L T,f
broadleaf monoculture forest: R. pseudoacacia (Plot code: BR), were selected and investigated. The results o ermm P Wy e g’ y C
showed that tree volumes and biomass differed significantly afier 17 years' succession, from 21.58m3 and ﬁlslsﬁs &ﬁ?ﬁiha{zgfgggﬁggézgfﬁ‘) %%ﬁ?nffm(}:;\)a :’arl % Ye Yuan
Reclamation patterns vary 36.02Mgha~1 of the broadleaf monoculture forest (BR) to 37.20 m3 and 48.73Mgha~1 of broadleaf’ A RA AL BB Lot TORE, HADCE Y S CABC (24372 Zhonggiu Zhao R. pseudoacacia
|carbon sequestration by trees  [conifer mixed forest (BC). Accordingly, tree C and lttr C were observed higher in BC (24.37 and 5 26N> GEM. (19,25 1 1SMehal) £ 5 UFBR (180141310 o) & OB [CATENA Zhongke Bai 016 | 147 204410 hE LTS U. pumila
and soils in an opencast coal 2.26Mgha-1) than BM (19.25 and 1.15Mgha—1) and BR (18.01 and 1.31Mgha—1). Herb C, however, was | ttﬁgﬁgénf— 7ﬁ‘ /\‘—75CI¢BCTO OZMgha—l. Bk-éo 25M;,ha4 BM'E"(' Huaiquan Wang BRI Y ik A. altissima
mine, China observed lower in BC (0.02Mgha-1) than BR (025Mgha-1) and BM (0.24Mgha-1). C sequestrated insoil 20 AP | 0 i Ze 0 S R L Rl B Yingzhe Wang P. tabulacformis
organic mater varied in the order: BC (172.16Megha-1) > BM (73.79Mgha=1) > BR (51.59Mgha-1) and [y Sy S0 s e 008 e e LA s 7 ogha BV Shuye Niu
the top layer (0-20 cm) C contributed a large portion (varied from 37% in BC to 53% in BM) of the total 7 7;ngn_]) >ER (5; SOMgha-1) ml\ﬁl'wtt n "l (0-2go cm) DCALRE K
soil C. Consequently, BC sequestrated the highest total C (198.81Mgha—1) by plant, litter and soil, md-xé< H5 L1 b %0:!#;% 4@%» 5 - E’;,ﬁ‘_ £ BBCRIEBCAB S 5 <
followed by BM (94.43Mgha-1) and BR (71.16Mgha—-1). In regard to the total C distribution, a major (]9;8“\4 h;l) ’;;L\’CB]VT(QI; 43Mg;m—]) ZSLJ;UBR (;l 16’\‘4 ha-l) Thhote, £
portion of the fotal C consisted of soil C (varied from 72.49% in BR 10 86.60% in BC). Overall this study | oo w80 8 B o e B BCS6.Cn s T2
indicated that mixed forest facilitated sequestrating more C than pure forest, and the broadleaf conifer 7 e C ot ety
‘ " . . N # C N SH3EH
e e B et o s b e [B) S LT, BEREANSYS DCERRLET (. TAMIRNRER
accelerated the soil C sequestration which may be suggested as the more suitable pattern for the opencast | | . St < L e et 2b (o e e
. < EIFTHEL, L.
P A e B 503D TR CHT SETE . ERCORREREL
B AR AR i = - =
ENTHEND,
In the temperate zone short rotation coppice systems for the production of woody biomass (SRC) have | _ . N ]
sained great interest as they offer a pathway 1o both sustainable bioenergy production and the potential |5 # L CIE. FH#EATAEL/ 14 T 1’ VAL z'; x«'sii&«tnc(;fﬂ&ﬂi\
sequestration of CO2 within the biomass and the soil. Ths study used the carbon model SHORTCAR to | DA E FTHEI=T SAH/ LAY RLRS 2T L (SRC) j_*% SEREROHTL
assess the carbon cycle of a poplar (Populus suaveolens Fisch. x Populus trichocarpa Torr. ot Gray cv. |29 ¢ AMAETIE, HRETFILSHORTCAREBLIT. KT 5(P °P“1;,5 suaveolens
Assessing the carbon Androscoggin) and a black locust (Robinia pseudoacacia L.) SRC. The model was calibrated using data | Fi5ch- X Populus trichocarpz ort. ot Geay o oggin) &7 A4 ? 4_<1R“E“““‘ .
sequestraton potential of poplar{rom established SRC plantations on reclsimed mine st in northeast Germnany and validated through the [Pseudoncs L)OSRC ERL, COETLE. KA VLRED g_\zm»b 17 3SRC
and blick locust short rotation |determination of uncertainty ranges of selected model parameters and a sensitivity analysis. In addition to a ‘bgg‘g;i 52&;’3? f;}é;‘;’ 2 d Zi‘ﬁ’ﬁ‘ﬁﬁ@ﬁiﬁﬁ? 13: Toumalof |40 . poplar
23|coppices on mine reclamation  [*reference scenario’, ing the actual site conditions, 7 scenarios, which varied in =3 o o L g s s P | Environmental {1 L 2016 | 168 53-66 y
sites in Eastern Germany — climate conditions, rotation intervals, runtimes, and initial soil organic carbon (SOC) stocks, were defined Eg“fﬁggbigﬁgif ;Sogzﬁggﬁggiigggfﬁg’%;g Ee |\ anagement || Jochheim SELLEE black locust
Model development and for each species. Estimates of carbon accumulation within the biomass, the iter layer, and the soil were |19~ 2o Femize L2 d e 7% e e s
application compared to field data and previously published results. The model was sensitive to annual stem growth ﬁfﬂ)@mﬁfﬁﬁiliﬁi;ﬁ‘:’mﬁ St é%&f 1y 7]"6[9;‘ FAYDILYTF 4 FHBD
and initial soil organic carbon stocks. In the reference scenario net biome production for SRC on reclaimed |48 s = 14 5SRO/ 1 o — AP EE R (. J6ZERCR, prcudoncacindf64.5 Mg C
sites in Lusatia, Germany amounted to 64.5 Mg C ha~1 for R. pseudoacacia and 8.9 M C ha~1 for popla. |, 1 355 %89 Mg C hal &7 2T = bOERIE. D75 < & &RBHL LIS
over a period of 36 years. These results suggest a considerable potential of SRC for carbon sequestration at| z5(\C . SRCASH: REFTI= k= B ATREM B 45 > TS = & £5H LT0ND,
least on marginal sites.
Re-vegetation of mine spoil enhances carbon storage in both above-ground plant biomass and mine soil. %g%z?‘gﬁfgﬁl imﬁgﬂ"’j‘;wg }f‘ *':7) @){%%i’i‘”@ﬂ;ﬁf%rgfi
The current study was conducted at the coalmine overburden dumps of Tharia Coalfeld (India), with the £t 850 2 Do m’j i a—ngz—%m i l,/ m */’;{" et ;: i s
aim to evaluate the effect of different tree species on the rhizosphere soil properties and to identify key raped gl et 7 — ) i Pyl
e sl o ok e s o s o sl e |ERIST S HBA RBREWET 52 L £ LRI SN, RO W
collected from five tree species (Acacia auriculiformis, Albizia lebbeck, Cassia siamea, Delonix regia, and | ™ = D‘;lber ia sisso0) B %ﬁﬁ;l nte. LR A BT ééitﬁ j:ié P
Dalbergia sissoo) of the same age. An area without ground vegetation was selected as a non-rhizosphere || gy ﬁf'_ Fﬁg@ JEIAD, sisonl A, auricutformis TB < (30.6.43.7 kg Cree)
ol The carbon density was higher for D. ssoo and A, aurlouliformis (39,6 45,7 ke Cltree) and lowest | jopock T 1A o7 (20.7 kg Clree) o C. simen (438%) ZBE . RETIAF Sangeeta Mukhopadhyay Acacia auriculiformis
Rhizosphere soil indicators for |0+ “ma(n 0.7 ke e, Ixcept or & samen (4 duc:i)r;n o ol € (T8 coment wis lower 10 BED L8 Y HRC (T0) SBAUES o7z, A, auriculiformis A. lebbeck TR Reginald E. Masto ok Albizia lebbeck
24|carbon sequestration in a and A, lebbeck and 75% for D. siss0o. Labile C and l‘q’mmbm biomass C;rbon (MBC) were sionificantly |07 D sissoo TIFHITSUDTCOFPABES Ni, Fiz, AFMRE EMEMBR|CATENA A. Cerda 2016 | 141 100-108 Ihariaft B Cassia siamea
reclaimed coal mine spoil o in th o i Do ety e e [T _OMBC) £, SHRETEE Y LRELEOHNARISES o f= FE AT F— Lal C. Ram Delonix regia
g ‘;‘Wp:e're e e o C. siomen (85 48 C’:X':: /ryl“:g bt | CRREL T S TORBLETHEC, C. siamea (88.48 pg'TPF/g24 h) & D. sissoo Dalbergia sissoo
izosphere soils wi ximum activity under C. si 48 gl and D. sissoo ; ; e
71.95 ng/TPE/g24 h) TRADEM E B> 1=, SHEORRS CAI
(71.95 g/ TPF/g/24 h). Three types of carbon accumulation indices (CAI) were calculated: CAI-1, based (T_ ol mg v LA)bE%xc Af;i;g ;J(Bc %ﬁs (?fc aﬁ’;i&é v h}giﬂ;;;
on TC and labile C; CAI-2, TC, and MBC; and CAI-3, TC, labile C, and MBC. CAls depending on e REHRI- KA BCAIE. D sissg0lC. siamenT—BBIIZH < oo, TS
rhizosphere effect were generally higher for D. sissoo and C. siamea. Principal component analysis showed| ;S 3c 1= 1) yar o oy o o s W o
&Y, CAL3, CAL2, M cL) | A
that the tree carbon density is closely associated with CAL-3, CAI-2, carbon lability index (CLI), available ;ﬂﬁ:m;tc i E@Tﬁ%’gﬁ%’z it ey nf_mfagﬁﬁf\% ( ﬁéﬁgfggf
N, and MBC. Thus, an integrated rhizosphere carbon accumulation index (CAI-3, based on rhizosphere | ¢ prisioviuit ol atieitotdd Mol
CAL3, SRS EEFEMHS LI, 18T BTy
effects) and N could be considered as indicators for carbon sequestration in reclaimed mine spoils. rﬁ'(i'é o);‘aﬁﬁ?ﬁ% f& ;; 5 fj Eaa LR, BRSS! SRR
Vegetation reconsiruction is the most direct biological measure and the most effective one as well to R e - o -
control soil and water losses from dump slopes of an opencast coal mine. The knowledge of spatial ?f’géég?;%fgﬁ;;gﬁgggggﬁﬁfg??iggggﬁﬁi‘z’?g
distribution variability of soil organic carbon ( SOC) and total nitrogen ( TN) contents in the dump W; ﬁ'% oI :*j %ITBEI;' T msz i mcEr. vemn (f‘N)‘ oshE
slope as affected by revegetation pattern is essential to selection of proper vegetation patterns that fit the ; " i E o o ATt yf Sume )él, Bk, £ g-ig,
dump slope. The study area was set n the Heidaigou opencast coal mine in Inner Mongolia Autonomous | 23, 1222200 * ;;%:W;é)}"’f(i ‘w*%alﬂza;qzx ZFEY Fﬁ/ﬁi—ﬂﬁl‘ 4
Region,where the dump slopes had been under management for 15 years.using drevegetation patterns (| 5ot 0 = OF e, ?ililg . B ttt; 45;;;; a4 EAGT s e
natural recovery land,grassland,shrub land,woodland) . A total of 270 soil profiles (0 100 cm) were . Pt M i . e mE | 4B e
1 =, o N
collected as samples for analysis of variability of SOC storage as affected by revegetation pattern. Results g: jﬁfg;ﬁ;; 2 ézggm EZ 1 %" ”)(;3,1;0 CE)‘F%;JWE/E?%L/J\ E&;‘
VARIABILITY OF SOIL show as follows: (1) Revegetation patierns significantly affected SOC and TN contents and their e S S ASOCETND B A RS 5 UL T 0D 7 A D5 fI BT Li Junchao
ORGANIC CARBON distribution in the soil profile ( p <0.05) . In terms of SOC and TN contents in the 0 10 em and 10 20 em |3 227" 7 080 T0 e e o s INS BTl Dang Tinghui hE
25|STORAGE IN DUMP SLOPE fsoi layers,the four revegetation paterns displayed an order of grassland > shrub land > woodland > natural | 255225 B 007 00 R0 s oo o DtiEEe |ToraneXucbao [Xue Jiang 2015 | 52 | 2 | 453460 | zH [E LEA
OF OPENCAST COAL MINE |recovery land.while in terms of SOC and TN contents in the soil laers below 20 em.a similar trend could [ 740 8 P2 R o S o e & i % 0> Guo Shengli BREIL
UNDER REVEGETATION  [be found.but the differences between the four narrowed with increasing soil depth. ( 2) Interms of SOC | 5 - S0, P20 B K Olee SRy T o e s Bk Jin Jingjing
density and storage,an order of undisturbed land > managed watershed > managed dump > new dump was| S ge e 5 < ;r BoFLNT SRS O)I‘IE_ET;) B LA 1550 ;ﬁ o
f:l::in;\ﬁlcl‘mel ;é?::rgge in the 1 mﬂs‘mld ﬁ'y"ﬁrilﬁ?fﬁe woodland and grassland wqiasrbg; thmand 11, By FYIRECERRIOGHIGRBATREN 12, b ERBO InLERI
A ayers ’ . Y BIE. 538 thm-2&11.0 thm2TH> 1=, 2THY | FikiH
85 t hm-2,respectively,higher than that in the new dump,but only reached 1 /2 and 3 /5 of that in the fj ;f";?cig;ﬁ (DSI 28 ‘3}‘/'5“'_25; ;,0_ tl‘":sz)f;;; ; & tf;é;‘g;;’;} ; 13? ’:;ﬁ ‘i_
undisturbed land. (3) The carbon sequestration rate of the woodland and grassland was 35. 87 g m-2a- | 1270y TR . e Tt ; RO E T ot T Tmamm ;{D
land 79. 01 g m-2a-1,respectively. The latter was 2. 2 times of the former. From the perspective of soil " . : Y e ez L HeE A~ pped
et i LRBROAMORER s BT % o2 KOS THEO
recommended for management of dump slopes of opencast coal mines and followed by shrub land. > -

61




Mining and related activities caused plant productivity and soil carbon content reduced in arid and semi-
i stems. Soil carbon plays an essential role in ecosystem stability. Soil carbon and associated

soil property were important drivers and indicators of ecosystem recovery at post-mining areas.
We selected 5, 10 and 20 years of restoration lands to examine the effect of artificial grassland on

1R - FHBERRTE, RBOTHIBET 5FWICL Y. EYOEEMLIIE
REENHLLTVET, LRRRE. EBROREBICFARGEEEE>TLY

%, HIRRFEE TNICHS TEBEOELF. REROLERAENERL K5
N—THYERTHD, BRI, SE. 105, 0FOBMEMERT, AT EE

Revcactton oFariial|biomas, anopy ovemse and sl b comen, . eerancd sl . ety and sl waer conten, |5 E ERBHERET BHEWE 1o, TORE. NIBII (T w2 M7 A Hao
: o . y - ! C C|E, HRRREBEEL CHEMS LA, HRHASEEE HRKSBEBD S, |Journal of Soil | e . .
26|rassland improve soil organic | After 10-year of restoration, both the biomass and soil organic carbon (SOC) content reached the peak, |{oleie 1= = 2 8 & HIREMERE (SOC) EE—7 ISE LIoAt, LEMSHE |Siencoand |0 Vene 2015 | 15 620-638 | Ex |PEEYTLEBE |Sipa capillta Lin
and inorganic carbon and water |however, soil bulk density and soil water content arrived the lowest at depth of 0-20 cm and got the highest | & 4yt 3 8 1350 0 20em T BIES . 20~30cm TR 5ot 20FHD |plant Nutriton | XF- Chang B SLEHE Agropyron eristatum
of abandoned mine at depth 0f 20-30 em. At 20-year of restoration land, the biomass (above- and belowground) and SOC  |siei 4 04 B VS E EEBEL T /S AT RE (LS - BTE) HEG Y.J. Zhu
content (0-30 cm) significantly decreased by 46.2 % and 67.0 % with compared to 10-year of restoration |08 (0_30em) (22412 1146.2%8 & UF67.0% A L. A S B £0-100m & G.L, Wu
land, while soil buk density of 0-10 cm and 10-20 em depths increased by 7.8 % and 21.4 %, respectively, 1510 0o RET7.9%. 21 4%, LKA (0-30em) A11.6 %M Lize D &
soil water content (0-30 cm) increased by 11.6 % . It was evident that artificial grassland as an effective o, ALEMFEEROBECADETETHY . HROWBILPHOMEEERE L
ccological restoration approach could improve soil physic-chemical property, while properly anthropogenic |+ 3 = & A5G & 2 = & A8 B Arl= A2 » .
were also needed to stimulate plant growth.
Economically important mining operations have adverse environmental impacts: top soil, subsoil and K. THL. BAABHL. TOBR. B3 OMELHNRBELY . S
overburden are relocated: resulting mine spoils constitute an unaesthetic landscape and biologically sterile | g01=2R £ 47 32 NATHR LI ALY . KRPOE. HEOKEADELE
or compromised habitat, and act as source of pollutants with respect to air dust, heavy metal contamination |35 (=B L CB 2R & 45 5 12, LAL. TDE S S WAL S =58, 18
to soil and water bodies. Where such spoils are revegetated, however, they can act as a significant sink for |#10)i8% & HEREOMASHEITEY . ARPOZBIEESE (CO2) DEELR
atmospheric carbon dioxide (CO2) through combined plant succession and soil formation. Revegetation, | & L CH4EET B = & A TEE T, BAEDM. Hk. BEE. B@HLENREE
drainage, reprofiling and proper long term management practices help recapture carbon, improve soil &, REOEW. tHOKE. TRERYNESEEOEMCBEILET,
quality and restore the soil organic matter content.
EEHLNA Y EDL VT 59 TIOERICRIE LI SHLBit £ FRH ARSI > TH
Mine spoil acts as a sink of A survey along an age gradient of revegetated mine spoils of 19 years in Singrauli, India by the authors ELFEIA, MW (A=A fzmixx. IR A t?zl:{%fv?h Science of the | Nimisha Tripathi IS
27|carbon dioxide in Indian dry |P1OWed an accumulation of total € in total plant biomass, mine soil and soil microbial biomass by 44.5, (445, 22.9. 1§ VDSHEABHEATNS C EARENT, 195 RISRIES L [HE) Raj Shekhar Singh 2014 | 465 He1171 Sosmy
ropical environment 22.9 and 1.8 Vha, respectively. There was an increase in total sequestered C by 712% in revegetated mine |SELLBF# Tl fSIBRAATI20ML . FM364 (Cha- 1 yr - IOCOBBNABS | P08 | 5K 469 e,
spoils after 19 years, which can be translated into annual C sequestration potential of 3.64 t C ha- 1 yr— 1. |EBH &N 5, Fiz. @b LI SLEHbORERBRE, ARHO=BIEHE
Carbon sequestered in revegetated mine spoil is equivalent to 253.96 tonnes/ha capture of atmospheric (CO2) #253.96 b v/hafifBT 5 EICHET S, SO EIE. SRLERAXSH
carbon dioxide (CO2). This indicates that mine spoil can act as a significant sink for atmospheric CO2. DZBERFROEELRIVREE LTHEET S EERL TS, FRICIXKIES.40t
| Annual C budget indicated 8.40 t C ha— 1 yr— 1 accumulation in which 2.14 tha was allocated to above ~ |C ha- lyr-IDEHER L. T0 35214 that¥th L/SA AT R, 0.31 that’thTF/34
eround biomass, 0.31 t/ha in belowground biomass, 2.88 t/ha in litter mass and 1.35 tha in mine soil. This |4 % . 2.88 thatt) & —, 1.35 thatM iR LIS ShTWS T EAthh ot T
shows that litter mass allocation is much important in the revegetated site. Decomposition of root and litter (P S EMD, BIEEhf=t#TIEY 4 —DHEDRAVFHIERTHDH LD
mass contributes C storage in the mine soil. Therefore, revegetation of mine soils is an important Motz, BEYB—OHRIE, HEPORFEHISHFSL TS, LEAF>T, 8k
management option for mitigation of the negative impacts of mining and enhancing carbon sequestration in |\ TEDREE, L=k DADHEEHAL . MILEENIH T SRREBEER
mine spoils. ETRHONEELEBEA T a0 ThD.
This paper presents an estimation of C-sequestration and relationships between vegetation biomass and | ABX Tl&. K—5 > KDY (Pinus sylvestris L) AERERI=E (5 C-IRINE &£ 84
reclaimed mine soils in pine (Pinus sylvestris L.) ecosystems in Poland. The study sites were arranged on 8 |34 4 R 5 & CHEB I HHOBIE £ T UT=, WEMIE, 1B, B, B. Ak
different geologic/mine soil substrates on waste dumps and surface mine spoils associated with open-cast | DZEFR{E Y SEILFHC (HHIT ZHREMS > T £ RBILBDSODEL 51T - §hilit
lignite, sulfur, sand, and hard coal mine spoils. We combined soil and plant biomass data for C and other [IRE8Z(ICEREBEEIhi-, BRI, ChoDY 4 FOLIBEEDHMHEOBALREES
via a range of site-sp and lab analyses of soil and plant materials for these |ROHTIZ&k HCEMD /T A —2 BT ZLIBEENONA A IR T—2 2B ED
sites and coupled them with prcwou:ly derived empirical formulac for biomass estimation. Based on this, |#, /N AT REEDF=HICLBANICHEEH L -BRRA LB S, ThITESW
Estimation of carbon we estimated the potential for C-sequestration in post-mining ecosystems and associated internal T, RIEROERRICE T DRAFBOTREMR L, LIELEDORFIFROMORN
sequestration by pine (Pinus relationships between soil and plant C-sequestration. Our results indicate significant potentials for MBI EHE L. ,.,?0”6%‘ f.iﬁ”)ﬁ’}ﬁﬂ)ﬁ%@biﬁ'ﬂi‘ RULARBTERN
sylvestrs L) ecosystems development of total ecosystem C stocks (taken as total aboveground biomass + soil + roots) of TH50 Mg C ha-1, %L.’ﬁEOTf)E& BT iEZf’é‘%;é}ﬁﬁﬁtmmmrlt 102 Ecological Marcin Pictrzykawski Mok
28 developed on reforested post- 50 Mg C ha=1 for even the most oligotrophic habitats in Quaternary sand mine spoils and ~ {Mg C ha-1 Zﬁzéiﬁf%éﬂmcz byo (ks 7r—<\ A+HEHBELT) mﬁ engincering W Lee Danils 2014 | 73 209-218 Sl Pinus sylvestris L.
mining sitcs in Poland on over 102 Mg C ha-1 for spoil heaps on a sulfur mine in mixed Quaternary sands and Tertiary formation ﬂzﬁik)téffﬁl‘a“%&;? BY. VIREBEERT ZERHORREEROCR koo LR
differing mine soil substrates clays, both of which were similar to C stocks in adjacent natural forest pine ecosystems. Litter layer C BETHAIZ LARALMSh, Yy 9:Ewcgt§§l¢5,om 5127 Mg Cha-1.
& mine soff substraes stocks ranged from 5.9 to 12.7 Mg C ha~1 and total soil C stocks (litter + soil organic carbon (SOC) LIRLEOCERE () v 82—+ LEHRER (SOC) ) 1£16.851565.0 Mg C ha-1
ranged from 16.8 to 65.0 Mg C ha-1. However, on coal refuse wastes, total soil C stocks were above 2000 |P#BETH =0 LA L. AR IHEEWTIL, TIHCEREF2900 Mg C ha-1% 8
Mg C ha—1, which was derived primarily from fossil C. The estimated annual soil C-sequestration rate (in | %+ CHIEEITALBCISART 5. KBROSDDY A M1+ 5 HEEFMLIRCE
litter + SOC) ranged from 0.7 Mg C ha=1 yr—1 to 5.2 Mg C ha=1 yr—1 for the 8 sites in this study. Uzg (Y& —+S0C) IE. 0.7 MgCha-1yr-1 A5 5.2 Mg C ha-1 yr-1OFEE T 8 -
| Associated C-sequestration rates in organic horizon (litter Oi + Oe) were estimated between ~0.2 and 0.8 |f=o HH###1 (1) ¥ % —0i+0e) DCRIXE(F. #0.2~0.8 Mg C ha-1 yr-1 EHEESh
Mg C ha-1 yr—1. The estimated range of total annual C-sequestration in post-mine ecosystems (taken as |1=o = OHIHDSKILBFELERIZE T 2 EMLIHTEE @ODIMILFDSOC+IBE, A
|SOC + vegetation biomass across all four mine sites) of this region is 1.6-5.6 Mg C ha=1 yr-1. AIRELT) DIEEFREAEIE, 1.6-5.6 Mg Cha-1 yr-1TH 1=
Increasing carbon (C) storage in soils of degraded lands, such as surface coal mines, is of interest because | PSREIBZ EDHIE LI=LMOTIRIZBFK (C) EHMS 5T EIE, RARDCO2UG
ofifs potential role in mitigating increases in atmospheric CO2. While it has been shown that reforesting | W Z AT D10 BELBEHNERIT EHALNTVET . Sk LT THH
- . . . " " " Ei?’ék THRPORFFHELSKIBICHEMT 52 EMNTERTNSA, 20
degraded lands can significantly increase C storage in soils, there are limited studies addressing what
rocesses control soil C in these systems. A study was initiated with the following objectives: 1) quantify | %28 2 A T ATLROERAED & 50 TAL X THBSATLDDM=DNT
Fhs amount of soil C accumu]aling on reforested ):nan; lands; and 2) examine scvfmljbmluglcal p?ucmcys DFRIBBERTLS, FRRIE, UTOBNTHESL, | HREEL LM
that govern the amount of C sequestered into soil (decomposition, soil respiration and microbial dynamics). wlbl-E RN LBCOREREILT 5. 2) LEERBSNICOREXET S
Factors controlling carbon A chronosequence approach was used o examine C changes with time in reforested mine lands (years 1, |0 20 OEVEMTALR (53, LR, WENME) TR 5. HO/ | o, |Tara Litiefield KERE
20| distribution on reforested 3, and 8) aod vomined, regenerating clear-cuts (years 4 12 a0t 20). From a C perspective, our s |ZTTYATIA—FERNT, REBLM (.3, $F8) CXREOBLERE | C0 Chris Barton 2013 | 465 240-247 | EN |AAppalachia
minelands and regencrating indicated that the young reforested mines (ages 1 and 3) differed significantly from the older mines (age 8) (4. 12, 0%8) =51 SCORFRLEMEL 1=, TORR. COBRD 51 Environment | Ty Arthur Bt

clearcuts in Appalachia, USA

and all regenerating clear-cuts for all parameters examined. However, after 8 years litterfall, microbial
biomass C and nitrogen (N), microbial activity, litter decomposition and CO2 efflux were similar on the
mine as that found on the 12-year-old naturally regenerating clear-cut. Although soil organic C (SOC)
content was lower on the reforested mines than the regenerating forests, rates of SOC accumulation were
greater on the mine sites, likely because the young mine lands were initially devoid of SOC and conditions
'were suitable for rapid sequestration.

AELLTRTONTA—FITENT, FVFKEIL (1. 358) FEVML 8
£0) BLUTATOBEERMEABLENHD I EMNRENF, LHL., 85FH
DYB—=TF—. BEWAFIACEEFR (N) . WEWEE. VEI—OHRE
CO2ifitild. REEOBRBEY Y T7HY FTROAEZLOLMUTIEEALL T
fzo LIEAHC (SOC) EEEBENL YBERIUTES, 1A, SOCHOEFEE X
SEILE TR EM o fz, ThiE. FOMLBISEHHSOCH L <. BEICHEET 5
DISBLI-FHTHo LT DEBbND

Mark Coyne

62




Carbon sequestration potential of

Restoration of former mined land can potentially capture large quantities of atmospheric carbon dioxide if
appropriate i iques and post strategies are applied. The
objectives of the current study were: to quantify carbon stocks in five pools; to develop empirical
relationships between stand age and carbon stocks; to compare the carbon sequestration potential of

i land under different land uses and to recommend management practices to maximize carbon
sequestration. The carbon stocks in five pools (aboveground, belowground, litter, debris and soil), of the

SLLEROB/ES, BYGBERNEBEROEREREERTLIE, KEOKS
POZBLRREBRTELAREUNH D, ZHROBNIL, SOOT—LIZHEITE
REZHEBOEE. KL RAZEEORBUBROME. RUSTHFATIC
BIILBEMORREWEOLE, RREMEBERALT 2-HOEEFAOHR
Thd. BEMEHITS5O0T—)L (BEE. HTH. UE— TIU, 1)

Gt mining reforestation rehabilitated vegetation were quantified. For this purpose, 18 sites were selected including both commercial| () Bt B & TR L1z, COBNDEDIS, BLBHEE RERDTESEET M. W. van Rooyen m7IUN
activities on the KeaZulu-Natal and ili indi forests. The jonship between total, aboveground and 18N AT %324R L1z, Casuarina equisetifolia {EHIMDM L - T DRFETEE & HED |Forestry N. van Rooyen 2013 | 86 211-223 EN |4 7 X—)L-+ % —)L |Casuarina cquisetifolia
N belowground carbon stocks in the Casuarina equisetifolia plantation and stand age was sigmoidal, whereas [BRIE. ST EA FETH 1=, RERDBEEFERN TH>1=. Fl=. REK G. H. Stoffberg SR
coast, South Africa the relationship was linear for the rehabilitating indigenous fores. The rehabi forest | OBREEMEBIE, KIIERIZC. cquiscifolaliHBOREFMEOFHEE LE >
exceeded the mean net carbon storage of C. equisetifolia plantations after ~19 years. Maximum carbon  |fzo Ffz. REMDRFZHEL. KECHRMOBEEBRRTRES A TNSEL
in the i i forest compared well with values reported for reclaimed S EBENf, BRSNETIEF 74 ) ZHABICREREBET S LT,
ccosystems in the USA and Europe. Carbon sequestration potential of the mined land could be optimized |[FRIBMORRITBEERBEL L. BRAREZEESLH I ENTEHARMNH
and natural capital restored through reforestation of harvested C. equisetifolia plantations with indigenous | ®+
forest.
Forests absorb CO2 during photosynthesis and store it as organic matter in biomass plants. The amount of |FFAIZFERTCO2EWIRL . N1 A T RMEMIZHHME L TER 5, BuEHE.
organic matter stored in forest biomass per unit area and per unit time is the subject of forest productivity. |[EPIEFfE&HT= Y ISHM/ A A IR ISHEX M- HRMOBN. FHREERORRT
Forest productivity is a picture of the ability of forests to reduce CO2 emissions in the atmosphere through | o FRMDEEME (F. HMAERIFHICL > TRRIPOCO2BFHBEHIAT 5
physiological activity. Measuring productivity of forests in the context of this study is relevant to biomass |FENETRT LD TH S, KHFRTL S HRHROLEEEDREL, A+ T ROREIC
measurements. Forest biomass provides BEET2LDTHD, FHO/NAA TN LHHEEROHREICIE, BHEMEZCO2
important information in the assumed magnitude of potential CO2 sequestration and biomass in a certain ?;g%?gii*ﬁ% ggﬁf‘b’r‘% Z?\?%?ﬁ g iﬁ%@ﬁ@féiu 18 zg
5 ) age that can be used to estimate forest productivity. Reclamation of former coal mine is an attempt to RO TS, BRI & o =% el - #nL.
Carbon Sequestration Through |\ i o ociore the land and vegetation in forest arcas damaged as a result of mining activitcs, in order to |2 BBSWHEERIBE ¢ BRATHE, T TAMRTIE, BRIFEHBOMWEE |;) 1001 op AU RRLT
3| Reforestation in Reclaimed Coal g o o imally as intended. Measurement of forest productivity in vegetation of arcas mined coal is the |73 o1~y FADEELEMES S LEBME LI, P. hlcatarialBHRBOBA/A e G cnd | Sadeli Tyas 2012 2 | 10 2735 |EN [mHUT LAY falcataria
Mine Sites in East Kalimantan, o o6 hi study. Tree biomass accumulations and age-related changes of P. falcataria plantations |7, <% 5 P £ BEZALEBRIREIY > T 1) > J £ YRELLE. SHEDT— |5 eience BRI
Indonesia. were determined using a destructive sampling technique. These data were used to estimate optimum 513, Bl RN &#&E?‘ét&;l:@iﬁﬁ éhts COESTREFISHNT,
harvesting time. Tree biomass samples were collected in 3, 5, and 7 year old plantations in mined area, and |52 7/ % 1) 7 DIEMIBDOWAD, 1 + T AEME L RELILEREY > T »
in 7 year old plantations in not mined arca. About 10 trees were sampled from cach stand. Tree growth | 2 = 2 SWEL . BlGSRHMELRE LT, TRETNDHNBHIOKORAER
characteristics were evaluated for both sites. Allometric equations were developed for cach site to estimate antz, MBKOBROREMEERELL, R 8. & R BLH, £/31F
. : e X ‘ site 0 €5 A, BEWEHEET BEOOT OA Ry HEIAEY A FTHESAL, O
root, stem, branch, leaf, aboveground and total biomass and sem volume. Using these equations, the stem | > iy igact £ BINT. &I ADBEN=51} 5 EMRERDBEME /1 < R
volume and biomass of each component for each stand age were estimated. A single allometric relationship |4z X f-. ZOHE, NAATRBEERHOBFEICR->TIE, TATOELT
for all sites was found just for estimation of biomass and stem volume B—Q70XA LYy OBEARHENT,
Surface mining operations generate significant and 1 cale landscape Asa hETOEEMELE. ABEESRRIEESISRILET, TORE. BiEhEy
effective reclamation management is required to ensure the establ ofa AR, ERPNMIE. SFOCBNOSEERORRERIT 50, RN
ically valuable, and attractive post-mining landscape. In the post-surface-mining HEHUTEEARELG S, R VLES=—F— - LFL 7 OMRIFEEDS
landscape of Lower Lusatia (northeast Germany), a new land-use option during reclamation is the YRR =TT}, BEABICHEITHH LV HFIAORRELE LT, BRENS
establishment of alley cropping systems (ACSs) producing food and woody biomass for obtaining FIXNF—2BDIODORENAAIREEET HBBEF X TL (ACS) D
bioenergy. The established multi-row tree strips are typically managed as short rotation coppices (SRC),  [HEM A B 5. " O#MEIE. EH. EHHMIF (SRC) LLTEESh, TOWEL Ansear Quinkenstei
Agroforestry for Mine-Land  |for which black locust (Robinia pseudoacacia L.) is the most frequently used tree species. The alley LTH 04+ (Robinia pseudoacacia L. ) A% < FIASh TS, Hihikis "faf Quinkenstein
Reclamation in Germany: cropping systems are promising land-use systems for mine-site reclamation because they provide a (2, B < DEMBPH - BFOMBELEDTCEND, BLBOBEICHLLT |Adancesin [Pk T00SE N
32|Capitalizing on Carbon multitude of ecological and economic benefits: furthermore, within these plantations, significant amounts of | BFIFIS R F ATHB. & 5I=, ChidDRHBTIE, /34T ROLIIABLE |Agroforestry |G/ uan Bohm 2012 313339 FA YILRE Robinia pseudoacacia L.
Sequestration and Bioenergy  |carbon (C) can be accumulated in the biomass and the soil. The resuls of field studics on C sequestration |PBF () EBMT 2= EMTES, LY UF T UMEOMLIBIZE T ER.  |A)p—gp | ok Tsonkow SILERE
Production in R. pseudoacacia stands on reclaimed mine sites within the Lusatian region indicate an average shoot dry WDCHFBIZMT 2TMBEEDHR. R pseudoacaciaDFFHEEH (DM) % Penka Tsonkova
matter (DM) production of R. pseudo between 3 and 10 Mg DM ha-1 year-1 depending on the | EERIFF493~10 Mg DM ha-1 year-1 T, HHEM L BEBMIZL > TRLE D N Reinhard F. Hilttl
plantation age and rotation period. The DM yields for foliage biomass ranged between 12 and 32 % of the [RSMfz. RE/NA AT AN DM RB (. #ih 2 FH LV 4 FOBMAT 2 — N
shoot biomass for 2- and 4-year-old trees. Estimates of the C storage within the soil are up to 7 Mg C ha=1 | X R0 12 95 2%DMTH 21z, LIRFOCHTRE. RS 0-60emTHRATMg
year-1 within 0-60 cm depth. In summary, the results support the hypothesis that ACS of R. pseudoacacia [C ha-1 year-1 EH#E Eh B, LEDFERM 5. R. pseudoacaciaDACSIE, $< DRT
may be in many respects a beneficial land-use system for marginal, post-mining landscapes, with a SEILEREI BT B HH G TMFALRATLTHY | LB LV THICKELCH
i C potential above- and BOWTEMEEF > TLR LW SEBAXFEN D,
AV EXRSTDAYI VS VBOMUBISHE LDy FOT7OEADL, Rt
[CRBLEBRTS Y bT, NAAT—HEILHH (LT, BDF) &%, 0
BDF (ZEEADREMRBE LY, SIMUTREBT IHEHEE 0 boDFVTFS5vH P
BIMIEILIZE 1T B34 AR AT 5. YBETE, MLPBISERF L BOF #HEEBNHLL, Dv b0 - (Vs e
Plgazaszsk TG LERERNT L RETRTH S L, RACESTRELHE Ly LD OBIEE FEREL 200 B I Rl A A L
CEEDA) Y BB END, CORENEAL, COTADTY ME, H—R B
Y=a—bF/LEBDF %, SLLTRHRET SRBMMFIAT LT, REILHE
[CAEMLES EXH EIFEMREDHEECRRETLO—HITHS.
Reclaimed mine soils (RMS) which develop on post-mining sites play significant role in Carbon
sequestration in new ecosystems, especially in local range on areas disturbed by human activity. This SRILERBIC R S BB 1R (RMS) (E. $TLUWVERR, HICAREHIZL >
study presents the potential for Carbon sequestration in RMS developing on 3 post surface mining areas | THE & - B BFMLGEICE VT, RESBI-EELBEEE-TNS,
in Poland (Central Europe) reforested with Scots pine (Pinus sylvestris L). Research was conducted [ABIRTlE, F—F > F (hRI—0v/5) O3DORBHBIMBICHE VT, Ra vy
on waste heaps and quarry which accompany open cast lignite, sulfur, and sand mining. Control plots [ Y (Pinus sylvestris L) THABH & NI-RMSIZH (12 R ERBEOTHEEERT,
were arranged in managed pine forests on natural sites in the surrounding area. The results shows |ZlE, Bk, HE. BOZBREY (S S REMEES SRS TER I, B
high Carbon accumulation in RMS, estimated on 16.77 Mg-ha-1 in poor (oligotrofic) soils on Quaternary |E§d. ED#IEDERKICH D ER SN HICERE LT, ZTOHER. RMSDR
sands on sand quarry and up to 65.03 Mg-ha-1 on external waste heap after Sulfur surface mining | FHME (L < . BRSO ELLHOME = HETIF16.77 Mg-ha-1, F=fTHt
Potential for carbon exploitation on Quaternary sands mixed with Tertiary clays. These results were very similar to natural | £ & O ERBHORERTIFRE O/ EBREEY £ — 7 TIEHK65.03 Mg-ha-1 & RFE
34| seauestration in rechimed mine | forest soils on control plots. Potential rate of Carbon sequestration in RMS was estimated on 0.73 (on | & Sifc, CH5OHRIE, AEEBOEAFLREERISEBTU L, RMSIZ| (o |Marcin Pietrzykowski sot0| 2 1015-1021 K=K pinus sylvestris 1
soil on reforested surface mining |the poorest sandy soils on quarry) to 2.17 Mg-ha-1-yr-1 (on potentially abundant sandy-clayish soils on &1+ 2 BENLZRFRFERL. 0.73 REBOFRLABLEHE L) ~2.17Mg-ha-1- A Wojciech Krzaklewski EiTfos:) Y B

areas in Poland

Sulfur waste heap), and 5.26 Mg-ha-1-yr-1 (on Tertiary sands substrate soils on lignite mining
waste heap). In conslusion the average Carbon accumulation in RMS was estimated on 41 Mg-
ha-1and Carbon sequestration rate was 1.45 Mg ha-1-yr-1. According to the result of this study
and range of post-mining areas reclaimed to forestry in Poland (ca 15000 ha) total Carbon
accumulation in RMS was estimated on 615 x 103 Mg and potential Carbon sequestration rate in new
ecosystems on 21.75 x 103 Mg-ha-1-yr-1. However, the main factors affecting Carbon sequestration and
protection in RMS under tree stand were substrate, percentage of clay and silt sized fraction, in order to
formulate guidelines for i of i further study must be continue

for better understanding.

yr-l (RBEZMEBBOLECHEMELELER) | 526Mgha-l-yr-1 (VTFA +
SLUERMEFISNOE=ROBELIE) THH LRSI, TOHER. RMSIS
H1TBTFHRBEWEE Me-ha-1, FREFBEIL45 Mg-ha-1-yr-1 LR S NIz,
AHRROHERLR—S > FOILZH ($915000ha) OFEEM D, RMSIZE T DR
FEWEIL615 x 103 Mg, FHLWERBRICTH T2 BEMREEREL21.75 x 103 Mg-
ha-l1-yr-1EHEE SN D, LL. RMSORRFREREICHEE2E5XLTLER
F. RE. BETLVLFORETHY . FEROLEEROBFHRTRLEED OO
HARSAVERET H1HICIE. ETLHIAROBENBETHD,
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Ecosystems that develop on mine spoil can serve as significant sinks for CO2. The aim of this study was to
estimate the rate of carbon accumulation and its distribution along forest ecosystem partitions in young
Scots pine (Pinus sylvestris L.) plantations in the Narva oil shale opencast, Estonia. The tree layer was
measured in 2004 in 13 stands afforested with 2-year-old seedlings during 1968 to 1994. Three stands
(afforested in 1990, 1983, and 1968) were selected for detailed analysis of the carbon sequestration. Soil

ARROBMIE, TR CZFOFANF ALz — LA —T XL MHDEL
Z3w bs3A 2 (Pinus sylvestris L.) DHEHIBIZE T HRREWERLHTEL. HHE
BROMADY ISR ST HERALMNTTH ETH oz, 1990F, 1983F, 19685
[CHEHRENI3OD TS50 T—a vt REFBOFEAEAHOLOISE I,

Lands in Florida by Planting
Short-Rotation Bioenergy Crops

per acre. In addition to providing a carbon-neutral option for mitigating rising CO2 in the atmosphere, an
important opportunity exists for promoting soil carbon sequestration as a result of restoration. Our analysis,
using a simple model that describes the soil carbon dynamics indicates the potential for long-term increases
in soil carbon under bioenergy crop plantations. Science in support of these observations will require
investigations aimed at (1) selecting tree species for site restoration, (2) identifying management practices
to ensure plant survival and maximize growth, (3) improved characterization of below-ground biomass and
determining inputs of roots to soil organic matter pools, (4) documenting the colonization of bulk and
rhizosphere soils with micro-organisms beneficial to carbon and nitrogen cycling, and (5) quantifying
changes in soil carbon and nitrogen stocks over time.

ETSUTARE NT—h—HI=Y 10N 5168 b DAL AIRETELLEL
fee REFOLRTHCO2EBRT H-ODHh—Rr=a—bSLBEF T avE
RB|IZEICMAT, AEOHKRE LTOLRRRMBHEZRET 5-HOOEEL
ﬁi%ﬁfﬁ& LET, LBREDEERAT IHEMUETLEEA LI ORI

[c S—EMT S VT2 a O T TOLRRRO RPN SEMOTEE
HERLTVET, ChoDBBEERMHFIRPISE. (1) YA MITAOEHED

Q) BODEFEERL. RRERKILT 2-OOEERFEORKE. Q)
fORE. HLTROBAROREEZBME LERAEH D

ETY. AEYWI—LEFTDIS,

carbon capture
and i

Donald L. Rockwood
Charles T. Garten, Jr.

_ |profiles were sampled in these stands in 2005. Radiocarbon analysis combined with a simple model of liter | = 1+ 2 DD LIRIL, 0SFISH2 T ) VTSN fee BEMERRMME Y T || oy jouma|lelen Karu
35|chronosequence of Seots pine |y i wag used to differentiate between plant-derived recent carbon and carbon stemming from HORALETLOBBEDLEIZLY, BPRROBLORREA AN LUK | cppeg Robert Szava-Kovats 1421-1615 Pinus sylvestris L.
stands in a reclaimed opencast ofl| ¢ i< of oil shale. Total carbon accumulated since afforestation in vegetation, forest floor, and A HRORBEER L 1o, HE, HE. AKY TOCHRSALBREOLERE ) Margus Pensa
horizon was 7.8 ha-1 in the stand established in 1990, 34.5 ha-1 in that cstablished in 1983, and 133.4 1| & |SOFOMABATE thac|. 1983EDIFLEADLS thacl. 19685 DA Olevi Kull
ha-1 in that cstablished in 1968. Most of the sequestered carbon was allocated to free stems; thei portion | 11 £ ¥ L1=e BIREROXBASHAOZIRA SN, TORA i
increasing with age from 28% to 51%. The portion of recent soil organic carbon increased from 5% to fbt:j'i‘fgt/g’;\)'%;Z"g[;i%:;;w;_i’fﬁmi%%ﬁg;fg {ffgtﬁ”g Ll’/_(f
23%, which shows that soils contribute significantly to carbon accumulation during carly forest succession |z = ¢ 5 37 3 . N PRRTTRI= =
on degraded land
) ) )  [FraANELEROREE2 2EEBE L EAT. BEROBA A TABE
Carbon storage in aboxeground tree biomass and soil organic matter (in depth of A layer development ic., |15+ g5t (ABDRE. THHENMET) ~OREFHELAE L1, Bix
up 10 20 em) was studied in 22-32 year-old post-mining stes in the northwest of the Czech Republic. Four | 245455 ( ko, 2. H5TY. F—5. 54 L, N/ %) THERENIFIDO
replicated sites afforested with different tree species (spruce, pine, larch, oak, lime or alder) were BN R E. FRRY. NS K. Y FEAEET 2 ARBACES A ~
compared with sites left to natural regeneration which were dominated by aspen, birch and willow. No ERLBENT, REEHBES AN o/, REEHEITLHIHEEZRELOR
topsoil was applied at the sites; hence carbon accumulation resulted from in situ soil development on KB TOLEMRBICERT 5, hESROBANS A TRTIE. RESHEZ17.0+
alkaline tertiary clays that were dumped on the heaps. In aboveground tree biomass, carbon storage ranged 5.9 (44 + SEM) A 5 67.6 + 5.9 tha-1, REEHREIL 0.60 +0.09 A5 2.31+£0.23
from 17.0 & 5.9 (mean + SEM) to 67.6 % 5.9 t ha-1 and the rate of C accumulation increased from 0.60 + |ha-| &% THIN (HABE <2V < hHE <F5 <S4 L<NV/ F<H5T spruce
Carbon storage in postmining |09 10 2:31 % 0.23 thal year-1 (natural regeneration < pine < spruce < oak < lime < alder < larch). W) Ltze HIEEEYHORESHEEE45 237 A5 380471 thallZZEL. + Jan Frouz. ine
3 Carbon slo‘rag‘c in s:o!! organic mauc_r varied from 4.5 £ 3.7 to 38.0 + 7.1 t ha—1 and the rate ofL_ ) EERYMPORBRSEREL0.15+0.05 5D 1.28+0.34 tha-1EETEML. ZOIE Biogeochemistry Vac»]av»Plzl} 11-121 larch
biomass and soil bioturbation | 2cuMulation in soil organic matter increased from 0.15 +0.05 to 1.28 +0.34 tha=1 year—1 at sites in the | FIFBRBES kI E<IY<A—I <NV F<FA L, THot, THMBOBR Emil Cienciala oak
order: natural regeneration < spruce < pine, oak < larch < alder < lime. Carbon storage in the soil was BB, HEHOBADAA AT RBEEOHEBENH 1=, LEREIL. BRX Jit Kaléik lime
positively correlated with aboveground tree biomass. Soil carbon was equivalent to 98.1% of the carbon | A& B4 4 b Tl EEDBA/ A T RDI81%IHEY LA, BRBLEMNT alder
found in aboveground tree biomass at lime dominated sites, but only 21.8% at sites with natural bt 4 FTIER28%ITBELM o1, TBORELHE L EROY 2 —DFA
regeneration. No significant correlation was found between C storage in soil and aboveground litter input. |BORIIZIE, HEHHEEIEZRShEh o1, RERERER. SIXFESLU
Total soil carbon storage was correlated positively and significantly with earthworm density, and REIDIIXEOHREEDVHEBENHY T avhLIRRFEMIC
occurrence of earthworm cast in topsoil, which indicated that bioturbation could play an important role in | EEZRFNZR:-LTWD I EMARE SNz, COZEND, NAFE—EXLIE
soil carbon storage. Hence, not only restoring of wood production, but also restoring of soil community is | HERFRERICER G REERI=F T EMATBRE NI, LEA T, AMEEDE
critical for C storage in soil and whole ecosystem. g{ég‘g& . TEII2=FTOEHEL. HRBLVEERZADORREHICE
THFANELE. LEEHEER (SOC) T—LP, XEHDCO 20REERHA~D
Land-use change affects many soil properties, including soil organic carbon (SOC) pool, and the transfer of B B)72 &, % < DL EHEICEBEEAET. COWROBMIL, KEMEF—Z
atmospheric CO2 to terrestrial landscapes. The objective of this study was to evaluate the effects of k5 Y 7O (Casuarina spp) &= FHF (Robinia pseudoacacia ) (ZZEHT 53h
converting pastureland to Australian pine (Casuarina spp) and Black locust (Robinia pseudoacacia L) forest| R 5l 5 Z & T L1z, L) A/1\A AWERBOBEMILLE (RMS) 125115,
on selected soil physical and chemical properties and SOC sequestration in reclaimed minesoils (RMS) of | 4R & 11 f= R DWIRAYH & ULLAOHE & SOCIRREIC RIS 5 /kk. WEMEEH
southeastern Ohio. The study sites were surface mined for coal, reclaimed and managed as pasture, and | F=@IZBEXRIEY Sh, KE#hE LTEHITONERSh, ZLTREVHED
then converted into woodland 10 yr before the present study. Soil pH and electrical conductivity (EC) were |10 BIIZF#KICERB S Wiz, TEOpHEBREBE (EC) &, B DE ST
higher in the RMS than in a nearby undisturbed hardwood forest. Conversion to Australian pine decreased |L\EEERHR & Y LRMSDANEMN otce A—Z RS T7ORIERT B L, L#
Soil Properties and Carbon soil pH and EC in the top 20 cm. Bulk densities of the RMS ranged from 1.24 to 1.82 Mg m=3, and only ~ [20cm® £iEDpHEECAHET L E L1z, RMSOM S EEEIE1.24~1.82 Mg m -3DFE Soil Science D. A.N. Ussiri
37[Sequestration of Afforested minor changes were observed in soil bulk density after land-use conversion. Mean weight diameter (MWD)| T Y . t3FIAERBOLIEON SEEICIDIALELLARRShELAT Society of R Lal 1797-1806 | E Casuarina spp
Pastures in Reclaimed Minesoils |and root biomass increased significantly (P < 0.05) with conversion of pasture to Australian pine or Black |L1z, FHERERE (MWD) LARO/NAFIRAKIEICHEMLE L (P<0.05) & America Journal |P. A. Jacinthe Robinia pseudoacacia
locust. In addition, aggregate stability was greater in RMS under hardwood forest than under pasture. EEF—R FSYTORELEZ T HOTISERULBE, Sz, Btkapz |Amercaloumal P. A Jacinthe
Conversion to the Australian pine forest increased the SOC pool in the top 50 cm by 6 Mg ha—1 (11%) in | EHEIX. HE# & Y L EREHKORMSOABREN o2tz A —R 51U 7 O
10 yr. However, the N pool in the top 50 cm was not affected by the land-use conversion from pasture to  |DEEHIZ & Y, Ef150cmDSOCT—)LANI0ER ToMgha -1 (11%) L L1z,
Australian pine. Conversion to Black locust increased the SOC pool in the top 50 cm by 24 Mg ha—1 f=t2L. L850 cmDNT—)LIE, WEMN SF—R b5 1) FIRADLHFIRERRD
(42%), while the N pool increased by 10% under Black locust in 10 yr. The increase in the SOC pool was |EEERITERAT LIz, Z€ T AL TADER]IZE Y. EEBSOcmDSOCT— /LAt
accompanied by an increase in the C/N ratios and root biomass in both Australian pine and Black locust ~ |24Mgha - LE LTz, (42%) . NT—LIXI0FHMT=£7H L7 DT T10%H
sites in the 20- to 50-cm depth. Establishment of tree plantation has a greater potential for SOC MMLFELF, SOCT—/ILOEMIE, FE20~50emDA—R bS5 )T DRE=ETH
ion than pastures in the RMS. ST OTHEDY A R TC/NELERDAA AT ADEMEENE Ui, iBHBORT
13, RMSO#EH# & Y 3 SOCKRRED ATEEHEAE L.
Phosphate mines in northern and central Florida provide a valuable resource for the national and 20y SREMEDRAD Y VB, RRABEOENS & VERRM LR
international production of agricultural fertilizers. However, separating phosphate-rich ore from the ECRRERIULET, L1, U BECEOREETICHIBLMLOY b
underlying sand and clay matrix creates large containment ponds or clay scttling areas (CSA). The physical| ) ¥ 2 AR BHMT B & 7§€‘§§1 Ui - (SRR (CSA) AERLE
and chemical characteristics of CSAs make ion a critical priority for post-mining activities. NET, CSADMIRIE & HERMBILIS LY RIBROED TEEENERGE
Therefore, to demonstrate the potential use of these areas for bioenergy crop production and carbon ABRICLYET, . Li=pt 2T, /A z—n:.?-v—ﬁm:té‘é& m%ﬂﬁ%ﬂ)f:ﬂw) ._fg
sequestration, a 50-ha demonstration planting consisting of Eucalyptus grandis, E. amplifolia, cottonwood, ;‘I’)”gfﬂ’fﬁf rj{f’f E%"E? Efji" X ;j’j '__J“j:i i /7\? ;7}' ’: ;;;yf‘;_ij
e oty 3 g e 51250 o s, ncluding ot o1 e preprsion and panng. WA ENB300 5 — L OREEBIA00ED ECABIENE LTz, TTYS [Proceednssof | ceger Eucalypus grandis
Sequestration on Phosphate Mine| Yield estimates for 2.5-year-old E. grandis planted in single rows varied from 10 to 16 dry tons of biomass |11 21 77 ¥ FOEC, RERMIL, BIORH L BROBMEZTHT. 1T—H— |the drdammual g 05 oo E.amplifolia cottonwood
38 H-Y1250 FILICH R B TTHEMEAH Y FF . 25HDEDINEHTE, —FIIZHEZ Sh |conference on 1-7 N

cypress
slash pine hybrid
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RESTORING SUSTAINABLE
FORESTS ON APPALACHIAN
MINED LANDS FOR WOOD

The overall purpose of this project is to evaluate the biological and economic feasibility of restoring high-
quality forests on mined land, and to measure carbon sequestration and wood production benefits that
'would be achieved from forest restoration procedures. In this segment of work, our goal was to review
methods for estimating tree survival, growth, yield and value of forests growing on surface mined land in
the eastern coalfields of the USA, and to determine the extent to which carbon sequestration is influenced
by these factors. Public Law 95-87, the Surface Mining Control and Reclamation Act of 1977 (SMCRA),
mandates that mined land be reclaimed in a fashion that renders the land at least as productive after mining
as it was before mining. In the central Appalachian region, where prime farmland and economic

Zo7adzy bOLENLTENIE, MUMLICEREOHRHEETT I L0%
MENE L VRFORBTEMETEL . FHETFIRCL>THLNBZTHSS
RimA E AMEEDFBZ TS 5L THD. COEERED TIE, KEREH
BOMRFBRICETT SHMOBADER. AR, NE. MEZHET2HEE
B L. RREAENCALDBRICENEELEShAINERALNTHLEH
HBE LE LIz, 2iK95-87, 1977 RARBEE - BEE (SMCRA) [, #iEEh
FiE T L LBENERENEELEZHOLSICHESND L ERBE O

PRODUCTS, RENEWABLE | development opportunities for mined land are scarce, the most practical land use choices are Eb\ég 7“‘55’-1’1&7:'#:9&%(&'(’[& 23] éhf:im‘:ﬁﬁ@;mbﬁﬁk%w% Technical *E
39| ENERGY, CARBON hayland/pasture, wildlife habitat, or forest land. Since 1977, the majority of mined land has been reclaimed |RAD A LNz, nagim@immmxmim F L%i& WE, BEEDO Progress Report Aggett, Jonathan 2003 1-18 EN |[7/RS5F7
SEQUES'IZRATION AND as hayland/pasture or wildlife habitat, which is less expensive to reclaim than forest land, since there are no g.-am, FREFHT T, 19775 UK. SILFHOKREL, BEHXRIZ DD o3 SRl B
OTHER Ec()sYsTEM tree planting costs. As a result, there are now hundreds of thousands of hectares of grasslands and BV, Mtk Y EFEIR b O@L\*Eiﬁ . gﬁiﬁ’??}iﬁi%@is‘tﬁ&_}‘
SERVICES scrublands in various stages of natural succession located throughout otherwise forested mountains in the | CAE SN TE =, ZOMRR. BE, REOFHMFOWMMIZE, K2 mB®E
USS. A literature review was done to develop the basis for an economic feasibility study of a range of land- |BDEIELHEMATNY 2 —LORFOEAMISEET S LI2h o1, EUE
use conversion scenarios. Procedures were developed for both mixed hardwoods and white pine under a |1l & RN T T, KM E AT A b/ YOMFIZOVTFIREREL
set of low product prices and under a set of high product prices. Economic feasibiliy is based on lind ~ |1=0 SEAHIRBAIREIE, LHOMBEESNTL S, 512, RO V>
expectation values. Further, our review shows that three types of incentive schemes might be important: (1) |7 1 7 - ¥ —ANERTHE = EAR SN L : (1) BHEBO—ELL (B&UR%
Jump sum payment at planting (and equivalent series of annual payments): (2) revenue incentive at harvest; | ® FHIZIALY + () REFOIEA 22T 1 T, () BRRRIZED (i,
and (3) benefit based on carbon volume
The present state of forestry post mining land uses has prompted concern among researchers, landowners, |4k 1Lt FIFHOIK(IE, HEE, THFEE. ZLT—RBTROMTESZIATL
and the public. Surface mines reclaimed to forests under the provision of the Surface Mining Control and |3, IS - B (SMCRA) OMEIZESNTHRMICHE S hi-shRIEL
Reclamation Act (SMCRA) may not achieve site productivity levels required by the law. Anecdotal F. ZRTERINDZ YA FOEERLALEERCERVATREEAHYES, L
‘Woody Species Diversity, Forest |evidence suggests that many pre-law reforested mined sites are growing productive forests. The purpose of |/ L, SERLIBTICEOHI Toh-LFHBD S < (X, £EHOEVHFMRIAEBLT
and Site Productivity, Stumpage | this study was to characterize these forests and the mine soils in which they are growing, and use them to |3 C & R EEMTER,H D, COMROBMIE. ChdDBMEBHIEE
Value, and Carbon forest P on mined land. Using 14 mined and 8 non-mined sites in the midwestern | L TWAIELTIROBHEHALAIC L, MILEHISE T EFMHAKON FI—0 RE
40| of Forests on Mined Lands and eastern coalfields research to address the following objectives was undertaken: (i) characterize the ISFATHETHo 1z, PEEERBORIMUTIZH S 140FIEE L8 DDIEFE i Rodrigue, Jason Adam 2001 299H hEEER, AR
Reclaimed Prior to the Passage |development, composition, and diversity of woody species on pre-SMCRA, forested surface mined land; (&> T, UTFOBMOF-HDOHEET o=, (i) SMCRAUMIOFA T R iRt = B S EAH
of the Surface Mining Control |(ii) estimate forest and site productivity on surface mined land and determine the soil and site properties ~ |83(1 & RHAED R, HAL. SHIEDOHE (i) IRBIEMIC &1 DRI E BBOEE
and Reclamation Act of 1977 |most influencing forest growth; (iii) estimate projected rotation-age timber product value; (iv) quantify HOHTE. FROREICRLFEESZ 5 LREBIBOHEDIE (iil) REAH
current carbon pools d with the ping woody plant biomass, the forest floor, | H&DFREEDHEE, (v) REPOKREMEY/ A AT R, MK, LIREH(BES
and developing soil medium; (v) compare the diversity, forest and site productivity, commercial value, and | BREDKFIRM T— L EERBILT 5. () BEBROSHME, HTHREY A FOLEE
carbon capture of reclaimed mined sites to that of regional non-mined forest systems. . BEME. RERREBBOFERFR A TLEEET 5.
Soils are an effective sink for carbon storage and immabilization through biomass productivity and . . [
enhancement of soil organic carbon (SOC) pool. The SOC sink capacity depends on land use and TR, A AYROEEE LRARBR (SO0 T—LOBEEHL T, KR
3 DEBEBEELDODHRNG L VI THD, TEAHREORIEENE, tib
management. Degraded lands lose large amounts of C through SOC decomposition, erosion, and leaching. | 22 e 2 D2 B = 200 " 00, RISl s o
Thus, restoration of disturbed and degraded mine lands can lead to increase in biomass productivity. & B Lo CABORERAEDRET. LihoT. £ Ll EE
improved soil quality and SOC and of mined lands is an agerading|[3" [N X T X A DAL, LIESHEOKRE. AR ORI LRI~
process and offers significant potential to sequester C. A chronosequence study consisting of 0-, 5 10~ |32 Sraete 155 U oo /v of FHOO0-, 5- 10- 15, 20 5B DB LG HEE MR
Potential of mine land 15-, 20- and 25-year-old reclaimed mine soils in Ohio was initiated to assess the rate of C sequestration by | = -2 3 f _ S— 45, 2 e |Land w "
41reclamation for soil organic pasture and forest establishment. Undisturbed pasture and forest were used as controls. The SOC pool of iﬁ—{ﬁﬁgfﬁf ﬁggft;¢ ig%%%i’ii’;i:g%ﬁ?&? /25; m%fj?;’“ Degradation & ;’_ I:'IA““'Z' 2000 | 1 289-297 ;E%@'f GR gﬁm
carbon sequestration in Ohiot# |reclaimed pasture sites increased from 153 Mg ha=1 to 44-4 Mg ha~1 for 0-15 cm depth and from 10'8 |74/ # 4y (ySOC F— L 123 Development

Mg ha-1 to 183 Mg ha—1 for 15-30 cm depth over the period of 25 years. The SOC pool of reclaimed
forest sites increased from 127 Mg ha~1 to 45-3 Mg ha~1 for 0-15 cm depth and from 91 Mg ha-1 to 13
6 Mg ha-1 for 15-30 cm depth over the same time period. The SOC pool of the pasture site stabilized
carlier than that of the forest site which had not yet attained equilibrium. The SOC sequestered in 0-30 cm
depth over 25 years was 367 Mg ha-1 for pasture and 37-1 Mg ha—1 for forest. Copyright © 2000 John
Wiley & Sons. Lid.

&0-15 cmT15-3 Mg ha-1h\ 544-4 Mg ha-11Z, FE15-30
cmT10-8 Mg ha-1/V518-3 Mg ha-11ZH80 L 1z, FHBEMDSOCT—/LIE, RLH
FIZRE0-15cmT12-7 Mg ha-1/ 545-3 Mg ha-1~, & 15-30emT9-1 Mg ha-1/\ 5
13-6 Mgha- 1IN0 LTz, MEMDSOCT—ILIE, ELEFMHITEL TOELFHLD
T &Y LR CREL LT, 25FMISRE0-30 cmlZEFB S M 12S0CIE, REHT
36-7Mgha-1, FHT37-1 Mgha-1TH 1=,
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4.2, #EIZK D _BRIERFBETEREDEHFIZDONT
PLILBR I ORRAIZ K D R FBE FEE DV THIIE L7z B0 HRIzid, SLILBioF | R & LT,

AR, B, B DI L S O HEICE U CIRBRERNNC IR BFEEIZ OV T L7261 &
%, 521X Nimisha Tripathi {tfl “Mine spoil acts as a sink of carbon dioxide in Indian dry tropical environment” C
= 4-1 IR T XD ICHIHAERE Z L I LR B OFEEIZOWTHEBE I LT\ D, [AFEIZ, Jitendra
Ahirwal fifl “Assessment of carbon sequestration potential of revegetated coal mine overburden dumps: A
chronosequence study from dry tropical climate” C & [X] 4-2 (TR $ L D WK EHOMEEH 2 L E=— L., #il
R ORI K D ZEMLIRFE OB EREIC OV TIEEL L T 5,

Potential land uses Potential CO, offset rate References
(Mg ha='yr 1)

Forest Biomass 6.35 Kant and Kreps (2004)
Soil 2.28% Sperow (2006)
5457 Akala and Lal (2000)
8.81° Ussiri and Lal (2006)
8.75¢ Singh et al. (2006)
Total® 9.40 Sperow (2006)
Biomass 4.59°
Soil 1.35%
Pasture Soil 5.25% Sperow (2006)
Soil 5.397 Akala and Lal (2000)
Cropland Soil 3.567 Sperow (2006)
Forest Soil 1.20° Present study
Biomass 8.7 Present study
Total? 936 Present study
¢ 0-30 cm depth.
b Black locust forest for 0-50 cm depth.
¢ 0-20 cm depth under 5 year old Albizia lebbeck, and A. procera plantation.
4 Total includes soil, biomass and litter.
e

Total includes aboveground, belowground and litter mass.
41 SEILBRBORIRTGIE = & 0~ B {38 o 0 He P
Mine spoil acts as a sink of carbon dioxide in Indian dry tropical environment & 9 5[/

Land use (Location) Climatic condition Age (years) Total C pool C sequestration rate References

(MgCha ) (MgCha tyr1)
Reclaimed land (India) Dry tropical 11 57.16 5.20 Ahirwal et al. (2017)
Reclaimed land (India) Dry tropical 4 30.30 7.60° Das and Maiti (2016a)
Reforested mined lands (USA) Humid continental 30 83.53 2.78 Avera et al. (2015)
Reforested mined land (Poland) Temperate 24 69.40 3.35% Pietrzykowski and Daniels (2014)
Revegetated mine spoil (India) Dry tropical 19 69.23 3.64 Tripathi et al. (2014)
Reclaimed forest (USA) Temperate continental 25 107.0 5.10 Shrestha and Lal (2010)
Reclaimed forest (USA) Humid continental 35 132.0 3.77° Amichev et al. (2008)
Revegetated mined land (India) Dry tropical 14 89.62 6.40 Present study

2 Average values.

4-2  ZE OB ORE EHN I 1T D ZF bR SR B E 2 DB
Assessment of carbon sequestration potential of revegetated coal mine overburden dumps: A chronosequence
study from dry tropical climate L ¥ 5/ /1

INBIZED &< DOICERT, FRILBIL A Fk b9 5 2 &I2 K D F bR DO EE =R I T o FI HIERE
SHEADOREIAICL L5 0D, #ia2~7MgC/ha/year THDHZ ENhbd,

% 7. Nimisha Tripathi ftfl “Mine spoil acts as a sink of carbon dioxide in Indian dry tropical environment” C
(. SRR IR & TR B3 2 8% 220FFE 7 1 — )L RICBIT D IRFBEDOINK %X 4-3 O X 51T L
TW5, ZIUCTRIUTIRFBONN T T A, DF O IRKBFEENEDL DL~ A F A DF Y RFHHHD
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LS DL ELAREDEIG Lo TWD Z LR35, DED ., BT S T d bR
BTG5 LD 2 LTS AEAEDTIEPREIC X - Tid, LM B RO O8N K
<0 TRALIRBEHIBICED D RN ENH D LIRS ND,

Type of ecosystem Location Method of budget estimation Cbudget (2Cm 2yr~')  References
Grassland ecosystem Miscanthus sinensis Nagano, Japan Ecological method —100 to —56 Yazaki et al. (2004)
Pasture New Zealand Mass balance and modeling —414 Tate et al. (2000)
Grassland Cork, Ireland Eddy covariance +236 Leahy et al. (2004)
Grass (200 kg N ha™ 1) Uppsala, Sweden Ecological method + 140 Paustian et al. (1998)
Tall-grass prairie Texas, USA Bowen ratio/energy balance +50 to +80 Dugas et al. (1999)
Oklahoma, USA Eddy covariance -8 Suyker and Verma (2001)
Wisconsin, USA Difference method2 —410to +70 Brye et al. (2002)
Mixed-grass prairie North Dakota, USA Bowen ratio/energy balance (soil flux) — +31 Frank and Dugas (2001)
Moist-mixed prairie Alberta, Canada Eddy covariance —18to + 21 Flanagan et al. (2002)
Meadow Moscow, Russia Ecological method +387 Larionova et al. (1998)
Forest ecosystem
Aspen-lime-birch Moscow, Russia Ecological method +135 Larionova et al. (1998)
Scots pine forest, 40 y old (Pinus sylvestris) ~ Southern Finland Eddy covariance +228 Kolari et al. (2004)
French pine forest (Pinus pinaster) Les Landes, France Eddy covariance —200 to —340 Kowalski et al. (2003)
Boreal and temperate forest of Ontario Ontario, Canada Model: CBM-CFS2 —40 Liu et al. (2002)
Ontario's forest ecosystem Ontario, Canada Model: CBM-CFS2 —43 Peng et al. (2000)
Indigenous forest New Zealand Mass balance and modeling —136 Tate et al. (2000)
Agricultural ecosystem
Mix agricultural crops Denmark Eddy covariance —31 Soegaard et al. (2003)
Barley—no fertilizer Uppsala, Sweden Difference method2 —20 Paustian et al. (1998)
-120 kg N Uppsala, Sweden Difference method2 +10 Paustian et al. (1998)
Corn—continuous Ohio, USA Cropland ecosystem model C (CEM) +26 Evrendilek and Wali (2004)
—chisel plowed, fertilized Wisconsin, USA Difference method2 —90 to +590 Brye et al. (2002)
-no till, fertilized Wisconsin, USA Difference method2 —210to +430 Brye et al. (2002)
No till corn-soybean North Central USA Eddy covariance +90 Hollinger et al. (2005)
Revegetated mine waste land Dry tropical ecosystems, India  Ecological method 354.79 Present study

4-3 kxR
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Mine spoil acts as a sink of carbon dioxide in Indian dry tropical environment J= 9 7//#]
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4.3. BHNIHET SR E h—Ro = a— FSIILICEAT SHRERF OB
4.3.1. KRED ik k3 i D 4l

Z 2T, EBIZELLB OB EIZ DWW TR e FFNZ DV THES T %, James F. Fox fifl “Carbon
Sequestration by Reforesting Legacy Grasslands on Coal Mining Sites” CI3RFLFFHUZ DOV TRRBFE =Y 7 %
M L2 DB 2D 2556 . BRMBICHE O IRFEWIETT 40 F%1213% 110 Mg/halyear & 72 5 T
NRENTNWD, “BLIRBICHE TS & 13.9Mghalyear £ 725 & LTW5, £/, BERFETY 7&K
AROEJFO X HITER L TR H T, BEICET 232 NI S50 LK IE DOWRINEED
K< WS B ARERRAEIRIT 2 278, ARbRE U THAET 5 Z LT 2100 4R1213 B b SR O WRIIRIC
2025, EWVOTHININTWD, FEMITSCERE AT LRS- (https://www.mdpi.com/1996-
1073/13/23/6340)
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Carbon Sequestration by Reforesting Legacy Grasslands on Coal Mining Sites L U 7//H
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4.3.2. 4 2 FXR 7 DR ELHI D ZE 5
WIZ, A RRTT ORI IS T 2 EEA = —IZ K DI —R =2 — b TV OBEFE 2 5P

T 5, PEREIEGL “UBAMEINCB T 230 AREEEA T v P =7 371X, A > KRV T ORIV TR
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4.4 BIEITHES ZRERFBEEEDEHICTONT
FRAGIZAE O SRR O AL IS T RERFEE B ORFIT, W TIC LAUXLL T ORI
THETHL LS TND,

R g (S | 1) =BEDIFEDIENIE (m3/TF) x WALREx (1+ LS - W TFabi) < 257 2
(F>im3) < RFEZHH

FEARIIAREFT D HP  (https://www.rinya.maff.go.jp/j/sin_riyou/ondanka/con_5.html) <>, [EAZ45 [E - H v B
KA AEFTHEEEAR~R Y AV MFR® v % — Fk ik 4 B8 WF %8 % © HP
(http://www.nilim.go.jp/lab/ddg/naiyo/co2/co2.html) ZZHE S 72\, [Al HP TiE, X 4-9 1R &80,
BIAROTRE, i Z & ICFEMO —bRFBBEEELZRE TS 2 N TE 570, FLILB ORI

BUWTRERAIC EORRE "MK BEEICHF G T2 ENTELOLRREAREL o> T D,

ST E OERMCO,EESEHELTHELLS ! |

FECOEEEEERZE> T, BFAEATIERICEEL TVWBCo0ETAELTAHEL &
31

RAATZVEFROIENS L. 2mOMUEOROERZ (ASER) . FEEEHEANL, S8R 7
Vw2 LTLREN,

ez = e R
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SEOBEEROEMICRVTEAOER BESEE: 11~36cm i 13~31F
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4.6. BNZBITBT74A A4 =% (phytomining) DHBEHIEEN

Ty A h~vA=v 7 lE, Snlpi EE&RE S REICE T IR L, 4-11 IZRT X2 IT&BOE
RN 215 L. B SRR :ﬁ%)@l%@ﬁéﬂ‘\ S OICHEMEN &R EZRINT 5B 2 HTh D,
SRILR & T HICITERBITEORENMENVIGEICH, TEFR) LAk d 2 ENAEERE X T, RS
Ni-TEORLICEE LT, &FE2RIT5 2 k WCHAEH LEEHIFTCH D,

" 0. muralis (" Ash washingﬁ\- /" Ash leaching\-

L 2
. L .
Biomass [ Biomass " Leachate | [  ANSH
grindmg combustion purification precipitation

@

FIGURE 6 | Process description for the preparation of ANSH from Odontarrhena muralis s.1. at the pilot scale.

X 4-11 774 b~A =27 O3
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FANMH TE D2 L, LU EOBEICEND Z L RO REBR CRERENBGFTE D
&, ZRXAX—HERTEDLZE (BBEOBRID) | SRR D Z & EPRFR E LT
FonTnbd, iz, FERMIZIZCZ LYy NEBICER DS AHEE LRI TN D

774 M~A =2 T OWGEEF L LT, SUEBRR O R, #E 20 FFREETIIM 4-12 @ L 5 I3k
BOMERS L QU 2 STIREMEIN L T % Z E 300D, RFIZ 2013 FFEICHFFIN L < 7> TV DA,
T AT B AKHEE O HERE 2 e R 8 LT b OREL 2o TWD Z EICERT L EEZBND,
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WIZK 4-13127 74 h~A = 7T 5 CERICBW T, AUktS Lt Sh28BE2 ML=, Zhic
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WIZ, 774 h~A =2 T O35 L 75 THOR AR ZFHE LR E X 4-14 12877, 2SI
X0 X R & 2 D OITFL LA 2 < | F TS RRE R TEREENE VY 7T L
DOXREINTNWD,

w LI -ERELHE o R wZOMh = RFERU
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JOGMEC i~ (202242 H)
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