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Abstract

Coal mining once played a pivotal role in Taiwan’s early industrial development.

However, such activities have resulted in substantial land surface degradation due to the

disruption of vegetation and significant alterations to local topography. Among the

anthropogenic landforms generated by coal mining, "Coal Waste Heap (Sheshishan)"—

mounds or hills composed of waste rock and spoil materials excavated during

subsurface mining operations, is one of the obvious landscape features. These

geomorphic features, characterized by steep slopes and heterogeneous substrate

composition, represent a unique form of anthropogenic geomorphology. Despite their

ecological and pedological relevance, the soil formation processes and edaphic

properties of coal waste heap landscapes remain understudied under natural post-mining

succession.

This study intends to present a preliminary assessment of the vegetation structure

and soil physicochemical properties developed within the coal waste heap

approximately after three decades of natural succession. The objective is to elucidate the

current state of soil development in these anthropogenic deposits and to compare their

properties with adjacent secondary forest soils.Our results indicate that soils in coal

waste heap exhibit incipient pedogenic development, with profiles primarily exhibiting
IV
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A—C horizon and lacking an illuvial B horizon, indicative of limited pedogenetic

horizon differentiation. These soils are characterized by a high coarse fragment content,

with lithic fragment volume exceeding 50% in the soils, even reaching up to 80% in

some subsoil horizons. Nevertheless, surface horizons exhibit darker color, higher soil

organic carbon (SOC) and total nitrogen (TN) contents relative to the adjacent

secondary forest soils. Soil pH is comparatively lower, while cation exchange capacity

(CEC) is higher, suggesting an accumulation of organic matter and increased colloidal

activity in the coal waste heap soils. Selective extraction analyses of pedogenic iron and

aluminum specieation further support ongoing weathering processes. Lower Feo/Feq

ratios (oxalate-extractable to dithionite-extractable Fe) and higher Feq/Fe; ratios

(dithionite-extractable to total Fe) observed in coal waste heap soils suggest a relative

dominance of crystalline over amorphous Fe phases, implying advanced mineral

transformation and a notable degree of pedogenic weathering—potentially exceeding

that of the adjacent secondary forest soils.

Our field observations suggest that the profile development remains in the early

stages, while the chemical indices predominantly reflect the properties in the coal waste

heap soils are not at the incipient development as we supposed. To further interpret the

unexpected pedochemical trends, a geochemical analysis of the lithic fragments was
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conducted. The results reveal significant differences in geochemical composition

between the rocks from coal waste heap and those from adjacent secondary forest soils,

particularly in SOC, TN, Fe,/Feq, and Feq/Fe; values. These differences indicate that the

stronger weathering indices in coal waste heap soils are likely influenced not only by

time factor but also by the intrinsic properties of the parent material, which differ

lithologically from those of the surrounding landscape. This study concludes that the

pedogenesis of coal waste heap soils is governed by a complex interplay between biotic

factors, parent material heterogeneity, and environmental conditions. The chemical

properties of the soil matrix reflect only the weathered fraction of the substrate, and thus

cannot fully represent the weathering status of the entire soil body. These findings

underscore the need for integrated geomorphic, pedologic, and geochemical approaches

when assessing anthropogenic soil landscapes undergoing natural rehabilitation.

[Key Words]| : mine soil, coal mining, coal waste heap, soil properties, pedogenesis
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Tgme » RS A F LT RBIEE T RRG BRATER -
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3.8 435 waEE 3£ (Soil Organic Carbon Stock, SOC Stock)

2 PR R R BRZIEZ LI PE A d BT L
i%?%ﬁﬁﬁiéﬁﬁlﬁy%ﬁkﬁb’ﬂ“ﬁ#%%ﬁ%i“?ﬁiﬁé
WREEGE - A G BAEGE (fonChal)it 5 25840 &

SOC Stocki = Ci x Di x (1-5) xd x(1- G)*x100 7(10)

SOC Stocki 5 % i & thd # 7 a3 E(tonCha'l); Ciix % i & hi 1
WaER (%) D3RR R(gem®) S L2 HZ FF (%) d s T2 HA
B R 2 (m)s Eim G R T RRG B #1(%) 5 100 5 8 = 4
B #SOC ¢ £ hH = L tonCha'l -

3.9 3 M 33 < 4 % £ (Cation exchange capacity, CEC) ~ < #4215 4t
Pl w2 4 3% B JL &7 {o & (Base Saturation, BS)

23 CEC éh%per ¥ (i pidei2 (Gregorich & Carter, 2007): {7 > f=B~ 2g
hojziEér2 2 3 > 2 IMA0mL hfs fhds (NHaOAc)# e » £ #-ifpieie T & 1
100mL & » & * Ji 3 x4tk # ik (Sens AA, GBC, Dandenong, Australia) 4 %] ip] 2_
LM M 4Eeng £ (cmole kg soil) o B AR Rk B BT 1Y
10mL 95%FH s i & =2 > -2 P 5 A fh4&Td R E 0 #F 1 40mL 2M
KCl i i B o sk 2 A 2B 3 100mL 15 @ % &35 58T
(HI 4101, HANNA instrument, Woonsocket, USA)/p] Tt ik % ¥ ciei3gp 3+ 7 & >
¥ 81923 CEC & (cmole kg soil) o #-2 $dddm ~ 4T 4% 7 § 4c 2> ‘,/TT IR S
CEC Bt FA s » @14 oR (%) -

310 2 3 B T 4B~ ARER PRI D~ 2AFR T
B ESNE TR I U AR ) RBES R F  F 4
DCB ;# (dithionite-citrate-bicarbonate, DCB) ~ & |4 % f&4%72 (acid ammonium
oxalate) ¥ EFipi4pi# (sodium pyrophosphate) & = &> ;2 » B3 3¢ 7 e
B 4757 3 8 o DCB 27 BT 4 AT AL ABAR ) M pAE T
EPom TRBAF  ERIRLA 2 X uBAR L s RS i o 2 22 2
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Plar* £ 3% X 540 % 5k 5k 2% &k (Delta Handheld XRF, Olympus, Woburn, USA) ]
Lo 2B~ FEHPIPEZPR IR T2 407
()DCB % B2

FEB- 1 gend 3 E A 50mL engios ¢ > 4o~ 40 mL R & R 0 R &R
5 03M & f5pesp e IMBREL & 4p 2 81 1V BIIR & o B g B 20 RiE 4 0 12 80
CCHRIF A E 10 A48 0 2 (54 » 1g il T Fifadp s A (NaxS204) » 455 15 4 48
& 4e x SUF 0.4 %% [ e?%(polyacrylamide) 3 A - I 2 55 dcfy 18 £ R IR
Kde# > 2 2000 rppm s 5 A 48 0 12 Adventec2 g A ik (McKeague and
Day, 1966) » 2_ {5 £ e » 40 mL ;% & @A £ A4F + EH F- = o Jaik MR F Tk
3 % (Sens AA, GBC, Dandenong, Australia)if] T 573 B2 % 2 48 ~ 482 £ » 3%

EATE B2 48~ 4EA W0 Feg ~ Alg % 5 o

(2 123 Fh4e 5 P2

PP 05g 2 M B S0mL hgEs § ¢ 0 e~ 40 mL 0.2 M F i 4%(pH =
3.0 2w RIT 4PPF o 2885~ SF 04 %R R 2R ) 0 £
122000 rpm #ro 20 4 45 0 2 Adventec2 g A g (McKeague and Day, 1966) °
T 4 S ek 3 ik (Sens AA, GBC, Dandenong, Australia)ip] 57 % B3 7% 2.

BT R B EATE B4 4EA B Feo s Al £ 7 o

(3) E AP 4h 5 B2

FeB-0.5g 2 L E 3 50mL s F 7 > 4o~ 40mL 0 0.1 M EBL 4 (pH
10.0)» &2 BF 4B 2 (84~ 5F 0.4 %R F A= il 7] 45 % )
£ 12 4500 rpm #tw 20 4 48 0 4 Adventec2 i ik (McKeague and Day,
1966) i it 4 fa F ¥ fz % 3% %k (Sens AA, GBC, Dandenong, Australia)ip] %_#7 % B~

BB ETE D ETE P4~ 45~ N Fepc Al 2T o

3.11 % Tiessen 2 it 7 Hedley & & 7| 5 B~

3 P P4 * T Tiessen etal. (1993)2 & & Hedley #4 5 7 3 B~;2 » Hedley
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etal. (1982) HiEtisr & ~ ST Bh > #-2 7 chm 2 5 BB 2 B B 755~
AS LR 0 %R B3 2 Tiessenetal. (1993) 12 1 18 » ¢ AR R * Al 3w
A MR AT (GREETE 0 2020) c SERFIFE R R R hX BR] ) B )
FEP A FRES T ARR R S EHRAE ¢ 7 H0 ~ NaHCO; ~ NaOH 2
HCl %77% < 27 > HoO fr 0.5 M NaHCO; 5 P~ gl [ 5 7 48~ 14 % 3
1% ehg gk 0.1l MNaOH S P~ i & § 2248485 (P enpife @ > 548
PRV ke d IMHCI ¥B-0gii & ¢ R FAEamipe® > 4
LT~ LA h I e
GEP A AP 05g 2 HES0OmL g F 0 BRE B 2
% B4 » 30 mL 2 33 -k (H20) ~ 30 mL 0.5 M NaHCOs (pH = 8.5) ~ 30 mL ¢
0.IMNaOH £ 30mL cn I MHCI 27 5B~ c 5 ~% BT 16 P> &0 %
Bt o 2R R A 8 3500 pm B 10 A dh o A R EF R EA
7o M FEN AN BRREFT - WHER €4 K FEPE T 40 IMHCL
Boo B RIS @B PR o ¥ b o NaHCOs 2 NaOH et & g i 5
Bejfe o A uB~5SmL 4 » 10mLO0.9M HoSO4s 2 1 g iBFifes » B 3050 i A fap e
* 100 °Ci {7 4 f&if i > ¥ 3] NaHCO3; 2 NaOH en 2 5P~ » d o Rk g3+
B2z 2o EDoEL R APBE TEFRBIE Y LB 05g
23 o e r SmL EAREEST 320°CE 7T o A gris E B4 » 30% HO2 3y
REEFHA RZISOML T AR ERTER L2 E 2T ERZ
LEFEPAT ROz £ 5 Residual P 3 £ 0 » 4R AAT B kg o
Bk 40 £ A 45 (Murphy and Riley, 1962) » & ¢ #5104 %k £ B2+ (V- 630,

Jasco, Tokyo, Japan) 4 47 % Z B~ & #8088 2 RATE R ©

3.12 ¥t 447

R UBEXERIEIAAE) FE A F e BT LA
2 BFIEPFEEF R RARERTF LT L HFLE (Pvalue<0.05) > %
P AR EYFANBAP BA AT B A A IR Y Microsoft Excel 2019

BT oo
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o~ Bk

414 A

IR LEMITIARZERBAEESE o ﬁ*DBH<*“lcmﬁH\$¢ﬁ
A% AwmA A RAFHE R RREELEFORAKE Y I AR
oL gHTAEIODBH G 5 o b A4 R R oA 229 DBH < T F L
% oom .i—;ﬁr B Li 2w A THDBH AR TP E - 2% DBH 4 % =
BE o AR 110 24 ~1020 A% 4320 24 0 5 54k F DBH 4
20 A AR HIEHRE T AR ELETR o B E FIRNAS O BELER
IBA #eE o ¥ MOt A R o

BELEFHEHREROEGTR - BIR A LAF S REREE I £ 5
SR AR HE MY A R o B0 R R R s il 193 BRI bR E N
A AR AR B dp 0 TR - AHERE AP 0 93 R GHRT 1 AT
ERNCAEASTRE 0T AR 25 R EA T R EH RN A
SRR N 3 & S R R A SOR R RS E S AR 0 S B

AR AR S > T BRI ] R A RE PR R AR AR
RiLg® o

hima BAERRETRF T30 £ enT iR REF LB RS FRERESPR S
58% Bk BEFHY 40 EDFF FHE LI HEAR e SRR S
70% BAMEFER T LEAAME AL BER G ESe TR AT

42 F E2| o

BTG e AR 2 E G T AR A AL
FLAETTEFRB AR HIELRE 2P 2FR 20cm =+ P>
Wicdesm i p Rt BEEd L8 a BA N AKe CR(R41- Bl 43); =02 ik
FAENG R EPEEA AR PRI DAR > UE LFERG T3 28
PR 2 L RS d hBE(R42  B4-4) A HERBAIESE
AR TR L AR TR L AR ﬂA%zm%ﬁﬁNB%3w%’a§w

W B 7€_10.0%3 4 3 20.0%
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1R AR S i i

Shifen Jingtong
CO?]I waste Secondary Coal waste heap Secondary forest
eap forest
Ground cover (%) 80% 75% 40% 50%
Tree DBH (# ha?)
Total 4033 2567 5333 4833
1-10cm 2700 (66.9%) 1633 (63.6%) 4167 (78.1%) 3767 (77.9%)
10-20cm 1267 (31.4%) 567 (22.1%) 1000 (18.8%) 667 (13.8%)
>20cm 67 (1.7%) 367 (14.3%) 167 (3.1%) 400 (8.3%)
Mean DBH (cm) 7.9 10.8 7.4 7.4
BA (m? ha) 27.0 455 344 37.7
Tree species.diversity
Richness 22 26 32 39
Shannon-Wiener’s 1.87 2.79 2.71 3.21
Diversity Index
Evenness 0.61 0.86 0.78 0.88
Simpson’s 0.66 0.91 0.88 0.94
Diversity Index
Sgrensen 58.3% - 70.4% -
similarity index
18
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22 H% 2 H G T

Horizon Depth Munsell soil ~ Texture Structure! Consistence?  Roots® Boundary* Clay Silt (%)  Sand Rock
(cm)  color (%) (%) (%)

Shifen

Coal waste heap

Al 0-6 10YR 3/2 Loam 1fg fr, ss&sp Mf&sc wg 20 42.875 37.125 58

A2 6-20 10YR4/3 Loam Imsbk fr, ss&sp Sf, sm&sc Wg 225 45.375 32.125 60

C1 20-35 10YR4/3 Loam Massive Fm C 22.6 39.9 375 81

c2 35-60 10YR 4/3 Loam Massive Vim 20 44,925 35.075 83

Forest

A 0-7 10YR 3/4 Silty Loam 1fg Fr, ss&sp Mf&sc Sgradual 225 50.375 27.125 0

Bwl 7-25  10YR4/4 Clay Loam Massive firm, block Diffuse 325 45.375 22.125 0

Bw2 25-44  10YR5/4 Clay Loam Massive 32,5 45.75 21.75 0

Jingtong

Coal waste heap

Al 0-10 10YR3/2 Silty Loam fg Fr, ss&sp Mf&sf Wg 7.5 50.95 41.55 66

A2 10-20 2.5Y 3/3 Loam fg Fr, ss&sp Sf&sm Wg 125 36.95 50.55 84

C1 20-40 2.5Y 3/2 Loam Massive Fm &vfc c 12.5 39.45 48.05 76

C2 >40 10YR 4/2 Loam massive vifm 125 36.95 50.55 76

Forest

A 0-13  10YR4/2 Loam/Sandy  1fg Fr, ss&sp Mf&Sm, sc Sc 10 37.875 52.125 0

Loam

Bwl 13-32 10YR5/4 Loam Massive Sm+sc Diffuse 20 35.375 44.625 5

Bw2 32-50 10YR5/6 Loam Massive Fc 20 40.375 39.625 10

C >50 10YR 6/5 SandyLoam 15 31.95 53.05 20

'1: weak, 2: moderate; vf: very fine, f: fine, m: medium; g: granular, sbk: subangular blocky

2: loose, fi: friable, fi: firm; ns: non-sticky, ss: slightly sticky, np: non-plastic, sp: slighty plastic

3f: few, s: some, m: many; vf: very fine, f: fine, m: medium, c: coarse

4¢: clear, a: abrupt, s: smooth, w: wavy, g: gradual, d: diffuse
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B41-+rH7FLEwTEI G B4-2 o2 w2 ED

M43 Fir ez i 2 #3105 B 4-4 Fir=c 2 s 2 820
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43 3 A MEF

A LA FHEREF AR IR (22 HP LSRR ERT
RRIRIBPLZE > AAEER? T2 HRIETRETLIEE G BRFAZ
o bt AR ELET > 2 LE S (Loam) » = 4 45 % 8] 5 473 2 (Clay
Loam) 2 ¥ f73 2 (Silt Loam) ; & F 4 7 Ltk % > 2 3 5 3% 2 (Loam) X ¥ F13g 2
(Silt Loam) » =t 2 454 % B & 3 4 (Loam)s* &7 & 2 3% 5 %) 5 3% 2 (Sandy Loam) -
BLAREPLER CARIEEZEFOLE60% CR ZFF A28 80% > =< 2 +%
FHRIETPIAABTO AFWHRFLEF CAKE CHZEFN5 T5% =
AHERIEARZFFABTOOBAEZ CERIEZ I AB L T5%%
20% °

EJA%%%ﬁﬁ%ﬂ Br L HEMBRY AT lgom? Fiv L
HIE BB LI EEAMBAE A RLEIN1.02~121gem3 > @ =0 24 3 HE A
BREMARAE0T5~1.01 gem? -

ABRALHBRAE 2L DRI RG> R S0 HH 2R R
Br LA kaRpHE LB RPE A FLETE2 d Fird T2 HhEH

ki pH B AR P2 P& Fir=t 2 4R -RiZiRpH B5 5 42 =

o LIRKRRPHESS 39 495?W4%%W@/MPHWL3

Lh(% 3 £ )
B MARE 2F A BT LE BT BRE M S REEFE
AHIE OB LI BRERDL 5% ~8% 22T EAENE 023 %~
035% > |G BR L 2§ kAL IEFERM GAKF > TR PREF 2
P AL /#}giﬂﬁm,ﬁv,ofﬂlﬂ;ﬁl FTWARER S 09%~4% 3>
FIERX:010%~036% 2GS 2§ EREIBFRAEMR B P LD
BRF W5 20~33> PRIEFRAMGAREF > AR ERFT N5 6~
13> 2 Rgd BIRAER Sem P50
BELE4 kI CEC F"EFA ™ M > x4 k3 3 CECHUIER £ B R
B L EEE B2 CEC 95 14~19 cmol kg'!'soil » =t # +: 4 3 CEC
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% 9~20cmol kg'soil o 23 H4m - 4T S AEFF AT B AL IR (BS) Ak bl Bt 4
HEFHELE S AR RR P LI ERAAGIOR T 21 %~49% > =0 4 1
FRE 10%~25% %%ﬂs%w' BB A oR 7 39%~T73% 3 Hhd
BRI A 12%~19% B4 THELBEE2 HER L BB AG RS 1 g
R EMM(E 5 £ 6)o

75 i 2 2 e Ussiri et al. (Ussiri et al.,, 2008) * & # a2 = 2 ch- 2 2 F i
Bl (R 7)) g R ARG WACE )2 G e Tk
15% > B1- % R AeiE B oliend B AR UATEE D § S TG A
RE R LIEOEW BRERGLE 23 TRE)Z T2 HIE s g
t%:"ﬁ R T E(A 8429 P rugFld WHFLIET EFF 0 FY
HREPLIEFRAMERRT AR ES > RE BB E S ARSI A 4R

0-30cm 2 3¢ > LA E LI EFPBM2E S 6371 tonChal > 84 &

EE 7

7‘41

én
jar
(.

B oo
MR & 53.11tonCha'l » ARiT= 2 +kF 2 E 5 67.97tonCha' 5 FH# 7 L
A G B >E 5 5543tonChal > 54 kma £ 5 48.13ton Cha'l » ARiT=k 24 4

4 > E % 62,61 ton Cha'l -
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44 F AR

LA FWHET LB AARERE TR AR R pH B R FARE 0 B
AHEECBRELEL KRR pH ET5 460 A HREE kAR pHEL K 5.0
(%3); FB B2 L2 kBRpH B3 510 2 th# £ k3% pH & 5 4.8
(3 4)e PR Fhr BB ATy RIS 280 2 g2 pHEF W
KA R pH E -

BETFWAE 2F A B LE REFLG WAL 2T S EEERN
TAHIE L ARPLE T I WAERNL 21% 2FERENE 012% 4
HWREZFPRERMZ 019% > 2F ERYE 005% (% 3); FH#BTLETT
%ﬁ%a@;meﬁ%%&@;om%,ﬁiﬁ%zﬁﬁﬁka@éow
% 2% EROE003% (24 - HBELEFREWHE 17 A4k ERT
i34 BELEFRME VAN AHRET > LRI EPF > P LR EFR
I (L3044
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23 LARFAREETARY

Shifen Depth BD pH (H20) pH (KCI) SOC TN C/N
(cm) (g em?) (%) (%)

Coal waste 0-10 1.03£0.13”  3.81+0.25%  3.34:+0.12%  5.63+3.13*  0.28+0.14" 20.35+1.58"

heap 10-20 1.21+0.11"  3.68+0.15% 3.24+0.06" 5.87+0.44% 0.26+0.01* 22.87+1.08*
20-30 1.21+0.104  3.53+0.094 3.15+0.03* 5.27+1.624 0.24+0.07”  21.94+2.28%
30-50 - 3.48+0.13» 3.09+0.09 5.46+1.23A 0.23+0.04" 24.07+1.97A
50-100 - 3.35+0.10* 3.02+0.08% 6.54+2.424 0.26+0.08"  25.47+2.46"

Secondary 0-10 0.84+0.118  4.98+0.528 3.65+0.03* 4.22+1.23A 0.36+0.074  11.73+1.208

forest 10-20 0.96+0.08%8  5.47+0.64" 3.74+0.065 2.03+0.758 0.21+0.04A  9.50+1.578
20-30 1.01+0.108  4.36+0.228 3.81+0.048 1.29+0.498 0.17+0.03*  7.74+1.51B
30-50 - 5.68+0.76" 3.78+0.028 0.89+0.188 0.14+0.02*  6.21+0.63"
50-100 - 5.30+0.79% 3.82+0.038 0.86+0.30% 0.13+0.02%  6.43+1.46°

Rock of - - 4.5810.23» - 2.14+0.117 0.12£0.01A  17.58%2.44A

Coal waste

heap

Rock of - - 4.97+0.374 - 0.19+0.028 0.05+0.018  3.73+0.61%

Secondary

forest

DBl TR R £ A m AP F A B A RPN K Y B L L e AT A R R L B(P>0.05)
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24 FRRFIEEEE ALY

Jingtong Depth BD pH (H20) pH (KCI) SOC TN C/N
(cm) (g cm™) (%) (%)

Coal waste  0-10 1.02+0.174Y  4.22+0.424 3.56+0.28" 7.04+1.107 0.35+0.08"  20.12+1.36"

heap 10-20 1.14+0.15*  3.96+0.43" 3.33+0.214 5.54+2.224 0.22+0.07A  25.18+2.50*
20-30 1.21+0.07*  3.85+0.39% 3.28+0.214 7.20+3.08% 0.25+0.08"  28.41+3.33*
30-50 - 3.84+0.717 3.25+0.334 7.63+3.61° 0.23+0.07A  33.17+8.31*
50-100 - 3.77+0.324 3.20+£0.217 8.06+0.48" 0.27+0.02"  29.85+0.774

Secondary  0-10 0.75+0.14%  4.19+0.01° 3.76+0.08" 3.72+0.658 0.29+0.03"  12.98+1.41B

forest 10-20 0.77+0.07®  4.17+0.08" 3.83+0.06" 2.68+0.38% 0.21+0.02"  12.58+1.898
20-30 0.88+0.09%  4.14+0.08" 3.88+0.048 1.77+0.07* 0.15+0.01"  11.52+1.08B
30-50 - 4.17+0.02° 3.93+0.03" 1.31+0.44 0.15+0.07"  8.71+1.23"
50-100 - 4.16+0.10" 3.94+0.028 0.92+0.258 0.10+0.03%  8.90+1.08"

Rock of

Coal waste - - 5.08%0.66" - 1.7240.25% 0.10£0.01"  16.84+1.294

heap

Rock of

Secondary - - 4.83+0.10% - 0.13+0.04% 0.03+0.01B  4.28+0.258

forest

Thp TR R B A A AR AR 2 EETTE A R Y Bl R AT A R A F A B (P> 0.05)
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25 LA HFIRCECEBALIR

Shifen Depth CEC Exch. Ca Exch. Mg Exch. K BS
(cm) (cmol kgtsoil)  (cmol kgtsoil)  (cmol kg?tsoil)  (cmol kg soil) (%)
Coal waste heap 0-10 16.75+3.6541 1.46+0.52* 6.10+3.75% 0.29+0.03% 49+32A
10-20 17.11+3.79° 0.69+0.05% 3.03+1.75% 0.18+0.01% 24+14°
20-30 17.29+1.83* 0.50+0.08% 2.96+2.10* 0.21+0.07A 21+9°
30-50 15.92+1.044 0.50+0.25 2.72+2.187 0.23+0.04% 22+16°
50-100 14.19+1.58A 1.16+1.25 2.41+1.20" 0.18+0.04% 26+154
Secondary 0-10 20.91+7.39 0.78+0.27A 2.80+0.35 0.37+0.09% 20+5A
forest 10-20 17.42+4.45” 0.37+0.05B 4.13+5.23A 0.28+0.18~ 25+23A
20-30 15.32+3.16" 0.38+0.144 0.95+0.09% 0.13+0.10%* 10+34
30-50 14.78+4.02* 0.40+0.074 0.96+0.19 0.30+0.19% 12424
50-100 11.22+4.70° 0.72+0.46" 1.16+0.27A 0.31+0.24 23+15%

THHE TR L A R F AR B R R L e T R AR Y L B (P>0.05)
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26 FIWHEH2IHCECERALR

Jingtong Depth CEC Exch. Ca Exch. Mg Exch. K BS
(cm) (cmol kgtsoil)  (cmol kgtsoil)  (cmol kg?tsoil)  (cmol kg soil) (%)
Coal waste heap 0-10 19.47+2.34A1 3.45+2.46" 9.91+5.97A 1.42+1.117 73434
10-20 17.32+0.52A 1.82+1.82A 7.84+4.247 0.76+0.93* 61+324
20-30 17.30+0.874 1.14+0.70* 5.42+1.97A 0.30+0.104 39+74
30-50 14.71+1.647 1.51+1.73A 6.88+2.98% 0.25+0.08% 58+204
50-100 14.73+0.93 0.53+0.244 4.96+2.28» 0.27+0.10* 39+154
Secondary 0-10 18.35+5.24A 0.75+0.47A 1.89+0.27A 0.37+0.05* 18+74
forest 10-20 14.28+4.15” 0.38+0.08” 1.01+0.16 0.29+0.107 13+5°
20-30 12.21+4.09° 0.31+0.05% 0.74+0.024 0.29+0.044 12+48
30-50 10.16+4.13* 0.59+0.374 0.71+0.18% 0.18+0.024 16+88
50-100 0.02+3.88% 0.58+0.48% 0.73+0.26% 0.23+0.034 19+13A

THHE TR L A R F AR B R R L e T R AR Y L B (P>0.05)
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7 BT LEF L EE T KRG #8(Geogenic organic carbon, GOC) ¢ +*

Coal waste Depth SOC BOC GOC BOC GOC
heap (cm) (%) (%) (%) (% of SOC) (% of SOC)
Shifen 0-10 5.63 4.61 1.02 81.87 18.13
50-100 6.54 5.67 0.87 86.65 13.35
Average 6.09 5.13 0.96 84.26 15.74
Jingtong 0-10 7.04 6.11 0.93 86.76 13.24
50-100 8.06 7.02 1.04 87.04 12.96
Average 7.55 6.56 0.99 86.90 13.10
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L8 LA M R

Shifen Depth SOC BD Rock SOC Stock Biological Geogenic*
(cm) (%) (g cm™) (%) (ton C ha?) (ton C ha?) (ton C hal)
Coal Waste 0-10 5.63 1.03 58.8 23.89 19.56 4.33
Heap 10-20 5.87 121 60 27.70 23.94 4.36
20-30 5.27 1.21 81 12.12 10.21 1.91
0-30 63.71 53.11 10.60
Secondary 0-10 4.22 0.84 0 35.45 35.45 0
forest
10-20 2.03 0.96 0 19.49 19.49 0
20-30 1.29 1.01 0 13.03 13.03 0
0-30 67.97 67.97 0

'$# #1020 cm %2 20-30 cm 2 # & GOC v 612 15.74%3*+ &
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3O FRERI T ARG

Jingtong Depth SOC BD Rock SOC Stock Biological Geogenic?
(cm) (%) (g cm™) (%) (ton C ha?) (ton C ha) (ton C ha?)
Coal Waste 0-10 7.04 1.02 66 24.41 21.18 3.23
Heap 10-20 5.54 1.14 84 10.10 8.78 1.32
20-30 7.20 1.21 76 20.91 18.17 2.74
0-30 55.43 48.13 7.30
Secondary 0-10 3.72 0.75 0 27.90 27.90 0
forest
10-20 2.68 0.77 3.5 19.91 19.91 0
20-30 1.77 0.88 5 14.80 14.80 0
0-30 62.61 62.61 0

"# % 1 10-20 cm 2 20-30 cm 2 3£ & GOC v #]12 13.10%3+ &
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45 2 B BT - FEH BT
1.DCB ;2 % B~2_4 ~ 47 (Feq ~ Alg)

232 Feg Alag B4c 102 4 1397 » -2 2 FHAKE - H T L
FHFe gz 2B WA AIRIE A AlGR M2 I A RTH £ F
i 43 Feq /1% 29-37mg g'lsoil ~ Alg it 1.4-1.5mg g'soil » =t # 4k 2 3 Feq
i3 21-27mg g'soil ~ Alg 13 5.8-63mgg'lsoil 5 EFHie® » £ L2 HE
Feq /1 >+ 26 -32mg g'soil ~ Alg i ** 1.5-2.0mg g'soil » =t # 4k 2 3 Feq /i 3+ 17 -
22mgg'soil ~ Alg /i >t 4.9-69mg glsoil - Feq¥? Alg 7 £ &7 3 B RAE % 1“ M (27
P AE o
2. ¥ LA X B2 48~ 48(Feo ~ Al)

232 Fea® Alag £4c& 102 4 13977 » -4 2 FHAHER - #HF L

2HEFe i TET 2RI EFeOo 7 EvARFLR > a1 Al BIP A K0

ZA A B Ao AL AER B E LB S kA M Feo s £ % 43 33-53mg
glsoil» ML F LA AL ZE A3 1.2-14mgg'soil » =t 4 +k2 3 Al, /329 -
41mgg'soil 5 AFWHTF > #7123 Feo /13 3.8-53 mg g'soil ~ Al, /1 %+
1.2-1.7mgg'soil » == 4 k4 3 Fe, 1 >t 4.3 -5.9mg g'lsoil ~ Al, 4 3+ 2.7 -3.5mg
g“soilo“,T BELIEALZEEIEFRE M B3P R £ 701 3 Fe,
B A R Feo 2 Al "2 IFR m BB > o
3. EERFL AN £ 5 P2 48 ~ 48 (Fep ~ Alp)

232 Fep#t Al 8404 102 % 13957 » 122 FHa &% » £ 2L
3 Fp, @ AL 7 E P HFHOTRA 4RI L A% - ¥ FE L3 Fe, 130
0.4-1.8mg g'soil ~ Al, 4> 0.7-0.8 mg g''soil » =x 4 k2 3 Fe, 4 > 5.1 - 7.2 mg
g'soil ~ Al 4 *+2.6-3.1mgg'soil ; 2F k% > #7123 Fep 13 04-2.3
mg g'soil ~ Al, /3% 0.4 - 1.1 mgg'soil » =t 2 k2 3 Fe, /1 >+ 5.2-9.6 mg g’!
soil ~ Al, 13+ 23 -4 1mgglsoil o 37 Lig2=t 4 $h3 3E Fep 2 Al, 2 £ & 42
HFRR A @ BB 0 Ak g o
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4.7 FFE R BT84 s 4R

(1)Fed/Fe; ~ Aly/Al;

232 Feo/Fea & Alo/Alg B4rk 10 X 4 13 %77 » - A2 FHAHRFE - 4

335 R Feg/Fe vt B30 =x 4 th3 > A Al/ALR] M= 4 dhd 3 o AL A

% 0 #7028 Feg/Fe /3t 0.71 ~0.87 ~ Alg/AlL %) % 0.01 » =t # +k 3 3 Fey/Fe
i %0.62~0.68 ~ Al/Al % & 0.06~0.07 5 &F it % > 4 7 L 3 3 Fea/Fe 4 »0
0.68 ~0.80 ~ Alg/Al %) 5 0.02 » = # k2 3 Feg/Fe, /i 7 0.54~0.68 ~ Al/Al, % %
0.07~0.09 « -4 2 For T ds 7 L2 24 452 2 FeoFo &2 AlJ/AL 2 3 3§
ERM T A RE o

(2)Feo/Feq ~ Alo/Alg

232 Feo/Fea & Al/AlgE4r# 10 2 4 13477 » - A EFHa % ¥
b 43 Feo/Feq ' M3t =0 2 k2 3 > @ Al/ALGR B304 4k 3 - &L A8
% ORE
Feo/Feq f§ % 0.13~0.24 ~ AlJ/Ala % 2 0.50~0.66 5 & F % > £ 7 1 4 3%

L 4 3 Feo/Feq 3% 2 0.10 ~ 0.16 ~ AlJ/Alg 5% £ 0.82 ~0.97 » = 4 +h 2 3

Feo/Feq 3% . 0.15~0.18 ~ Alo/Alg 5% & 0.83 ~0.92 » =t 2 +k 3 3 Feo/Feq i% & 0.24 ~
0.28 ~ Alo/Alg 7% & 049~ 0.56 = - 2 2 F it %46 7 L 2 3 22 =0 4 54 4 Feo/Fe
MEAOEERM A E R A Al/ALG G LA A HRER R I RER TN 0 LA
BELEREFIEF Al/ALGZ 3 BRERM G Y
(3)Fey/Fe, ~ Aly/Al,

2 Fep/Feo 81 Aly/Al, Eded 10 2 % 13957 » - A B F A% > £
7 L 3 3 Fep/Feo 22 Al/Aly % 320 4 4k 3 o 2L A% » % 7 L 4 3§ Fey/Fe,
%1 0.11~0.33 ~ Al/Aly 5% & 0.50 ~0.67 » # % L 3 3 Fep/Feo % & 1.29 ~ 1.57 ~
Alp/Aly 7% 5078 ~0.92 5 & F ik % > % % L 3 3E Fey/Feo % & 0.08 ~ 0.44 ~
Aly/Aly 3% £0.33 ~0.65 » = # k2 3 Fep/Fe, 7% . 1.21 ~ 1.87 ~ Aly/Al, i% 7 0.83 ~
1.17 o + 2 # % # 7 1 2 3% Fep/Feo -F"ﬁ\‘:‘ﬁ %45 7 L 3 3E Fep/Feo 2 =0 4 k2 3
Fep/Feo 22 Aly/Al, B4 3 H7E A 3 4e @ " 14 L A % = 2 $52 3% Fep/Fe, »
AlyAl, B RIE2 HFRH 4e > 222 FHHEFL T L2 ALJ/AL £ 2 HIER
T ARRE o
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210 ~A BRI RE AT ERBEETET

Shifen Depth Fet Fed Feo Fep Fead/Fet Feo/Fed Fep/Feo
(cm) (%) (mg/g) (mg/g) (mg/g)

Coal waste  0-10 3.89+0.42A1  33.5+4.72° 5.3+2.07A 1.8+1.12A 0.87+0.13*  0.16+0.06*  0.33+0.10%

heap 10-20 456+0.42"  35.9+3.80" 4.3+0.637 0.9+0.46" 0.79£0.01*  0.12£0.01*  0.20+0.072
20-30 4.88+1.04%  36.2+4.317 3.8+0.67° 0.6+0.05* 0.76£0.104  0.11+0.03*  0.15+0.03"
30-50 4.46+0.56"  33.3+4.07° 3.3+0.16% 0.4+0.08* 0.75£0.01  0.10£0.01*  0.12+0.02*
50-100 4214051  29.9+3.05% 3.4+0.27A 0.4+0.292 0.71+0.05*  0.11+0.01*  0.11+0.08"

Secondary 0-10 3.48+0.09  21.5+0.81B 5.2+0.67A 6.6+1.648 0.62+0.01*  0.24+0.04*  1.29+0.40"

forest 10-20 3.84+0.10"  23.6+2.05B 5.3+0.934 7.2+0.238 0.62+0.048  0.22+0.02B 1.38+0.258
20-30 3.90+0.08*  25.2+0.708 4.7+1.224 6.2+0.788 0.65£0.03*  0.19+0.05*  1.36%0.21B
30-50 3.90+0.15%  26.7+1.47B 3.5+0.20* 5.1+1.008 0.68+0.04*  0.13+0.008 1.46+0.218
50-100 3.88+0.14%  24.5+2.447 3.3+0.45% 5.1+2.308 0.63+0.07  0.13+0.01*  1.57+0.69"

Rock of Coal 382+1.04A  224+215°  30+146*  03:031°  0.63:0.13*  019:0.09°  0.07+0.06°

waste heap

Rock of

Secondary - 456+1.05%  27.8+10.04"  4.2+0.41A° 1.3+0.158 0.60+0.16"  0.17+0.06*  0.16+0.03*

forest

Thp TR R B A A AR AR 2 EETE A R Y Bl R AT A R A F A B (P> 0.05)
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2L FH R 2 B E E E AT

Jingtong Depth Fet Fed Feo Fep Fed/Fet Feo/Fed Fep/Feo
(cm) (%) (mg/9) (mg/g) (mg/g)

Coal waste  0-10 3.75+0.72A1  30.4+9.67* 5.3+1.12A 2.3+0.614 0.80+0.11%  0.18+0.04*  0.44+0.15"

heap 10-20 4.49+0.61" 31.1+7.98"  4.7+0.61" 1.1+0.21A 0.69+0.09"  0.16x0.06*  0.24+0.03"
20-30 4.42+0.63" 31.5+6.89"  4.7+1.02" 1.0£0.25 0.71+0.08"  0.16£0.07  0.21+0.01*
30-50 3.84+0.26" 27.1+458*  4.4+1.03* 0.5+0.114 0.70£0.07*  0.17#0.06"  0.11+0.03*
50-100 3.86+0.35" 26.3x4.42"  3.8+0.76" 0.4+0.324 0.68+0.06"  0.15+0.01"  0.08+0.07

Secondary  0-10 2.99+0.15%  19.9+3.42%  5.1+0.26" 9.6+1.658 0.66+0.104  0.27+0.06"  1.87+0.37°

forest 10-20 3.18+0.14" 21.5+3.40"  5.9+0.33" 9.2+1.658 0.68+0.10"  0.28+0.04*  1.57+0.27°
20-30 3.23+0.20" 21.9+1.66"  5.5+0.47° 7.5+1.178 0.68+0.03"  0.26+0.04*  1.35+0.21°B
30-50 3.34+0.14" 19.9+0.217  5.2+0.49* 8.0+1.678 0.60+0.03*  0.26+0.03"  1.55+0.45°
50-100 3.30£0.21" 17.7¢1.51°  4.3+0.78" 5.2+1.088 0.54+0.038 0.24+0.048  1.21+0.098

@Z;Z ?]fegsal 428:037" 194+506°  20:053*  01:008*  051+0.08°  011£0.02°  0.08+0.04%

Rock of

Secondary - 3.52+0.18%  15.6+2.56" 3.5+0.338 0.4+0.26"* 0.45+0.05*  0.23+0.06"  0.12+0.07~

forest

TRt T B L A 0 A F AR 2 BT K B L BT A I RAR T LB (P>0.05)
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212 L AREIRASEFERBEIPY

Shifen Depth Al Alg Al Al Ald/Al; Alo/Alg Alp/Alo
(cm) (%) (mg/g) (mg/g) (mg/g)
Coal waste  0-10 10.47+0.37A1  1.4#0.30°  1.2+049°  0.8£0.22°  0.01+0.00°  0.82£0.17A  0.67+0.09”
heap 10-20 10.23+0.35°  1.4+0.22°  1.3:0.24*  0.8:0.12°A  0.01x0.004  0.89:+0.06"  0.60+0.04A
20-30 10.17+0.08°  15+0.08*  1.4+0.16A  0.7+0.02*  0.01x0.004  0.97+0.06"  0.50+0.08*
30-50 10.34+0.71A  1.4+0.19A  1.3+0.26A  0.7+0.06*  0.01x0.00°  0.89+0.08"  0.58+0.08"
50-100 10.72+¢0.11A  1.4+0.22A  1.2+0.32A  0.7¢0.114  0.01+0.00A  0.88+0.13*  0.59+0.07A
Secondary  0-10 8.79+0.37%  6.1+0.138  4.0£0.42®  3.1+0.668  0.07+0.008  0.66+0.08"  0.78+0.22°
forest 10-20 9.08£0.498  6.3+0.245  4.1:0.35%  3.1+0.14®5  0.07:0.018  0.65£0.058  0.78+0.09°
20-30 9.83+0.29°  6.3+0.408  3.7+0.428  2.9+0.17®  0.06+0.008  0.58+0.04®  0.81+0.128
30-50 10.03:0.36A  6.2+0.378  3.1+0.208  2.6+0.108  0.06+0.008  0.50£0.02®  0.86+0.048
50-100 10.00+0.36A  5.8+0.368  2.9+0.308  2.6+0.68%  0.06+0.008  0.50+0.04®  0.92+0.25"
Rock of Coal
waste heap 10.16+1.15°  0.9+0.05*  0.7£0.02*  0.6£0.07A  0.01x0.00"  0.75:0.02"  0.82+0.06"
Rock of
Secondary - 11.18+1.23A  3.7+0.81° 2.5+0.198 1.3+0.158 0.03+0.01*  0.68+0.14*  0.52+0.03®
forest
"B TR R R B E AT o AR F AR BTN Y B L e TS G A R E L B (P>0.05)
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213 FRRRH2 RS H L E AT

Jingtong Depth Al Alg Alo Alp Ald/Alt Alo/Alg Alp/Alo
(cm) (%) (mg/g) (ma/g) (mg/g)

Coal waste 0-10 9.34+0.43A1 2.0+0.30" 1.7+0.17A 1.1+0.25% 0.02+0.00° 0.84+0.04A 0.65+0.094

heap 10-20 9.83+0.30% 1.7+0.34A 1.5+0.23A 0.8+0.16” 0.02+0.00° 0.92+0.13A 0.53+0.08°
20-30 9.70+0.23» 1.8+0.22A 1.6+£0.13A 0.8+0.044 0.02+0.00° 0.89+0.05% 0.50+0.05
30-50 9.31+0.83» 1.5+0.24A 1.2+0.13A 0.4+0.36” 0.02+0.00° 0.84+0.04A 0.33+0.26A
50-100 9.97+0.29° 1.9+0.36% 1.6+0.31A 0.8+0.09% 0.02+0.00° 0.83+0.05% 0.50+0.08

Secondary 0-10 7.14+0.078 6.7+0.918 3.5+0.238 4.1+0.738 0.09+0.018 0.54+0.098 1.17+0.218

forest 10-20 7.80+0.448 6.8+0.768 3.5+0.098 3.8+0.378 0.09+0.018 0.52+0.078 1.09+0.138
20-30 8.03+0.288 6.9+0.685 3.3+0.26" 3.5+0.608 0.09+0.01B 0.49+0.098 1.07+0.25*
30-50 8.43+0.53» 5.7+0.42B 3.1+0.24B 2.9+0.44B 0.07+0.01B 0.54+0.038 0.93+0.128
50-100 8.70+0.338 4.9+0.888 2.7+0.488 2.3+0.508 0.07+0.018 0.56+0.028 0.83+0.078

Rock of Coal

11.39+0.044 0.9+0.17A 0.7+0.16" 0.5+0.10% 0.01+0.00° 0.82+0.047 0.74+0.03A

waste heap

Rock of

Secondary - 9.67+0.778 2.7+0.365 1.7+0.14B 0.8+0.058 0.03+0.008 0.65+0.134 0.50+0.078

forest

"EAp T IORAE R R L AT AR F ARSI EETNEI Y B e LI EE T R B ERF L E(P>0.05
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4.6 1 k7 £ ¢ Hedley B 7| % B~
7‘;2';12‘ l?fﬁ"ﬁ‘-l‘/w\’f? fo"r?Eﬁ’,{kF%}*-‘%"fr(%\ 14)7 }.J_,v}r{ T B1 =X
AHRERIEIBIEAFREO-2000FAEELRE 2 E A3 1100-

1300 mg Pkg! o ¥ 7 L 4 3 4% A& 20-30~30-50 % 50-100 =>4 > 287 &
A 1100- 1300 mg Pkl 2 & > 2323 B AR B3 RRM 227 P &g S
TAFRIEAFER 20-30~30-50 2 50-100 = & pF > 2EEZ BB R T 700 -
800mgPkg! =+ > 22 Z EES HIFR K 4e A & BE L o

Hedley 4B 7| 5P~ %kt » AL - LB 4+ 2HEBAE Y L E
4 Hedley & 72 3 B~% 5 P~ Residual P 5 2 > #£ 7 Lk % 2 3% Residual P it
2REZE A 90%-94%RF (4 15) 0 =t 4 +k2 3E Residual P it 2752 & 41> 87% -
92% o ¥ AL F B R erph? 5 £ 7 L2 NaOH-Pi(NaOH & ¥ #%) 5 4 > bt 4 %
2.8% -4.2% » "g {5 B] 2 NaOH-Po(NaOH 7 #$#%) ~ NaHCOs-P, ~ HCI-P; ~ NaHCOs-
Pi 2 H,O-Pi=x 2. ; x4 #2312 NaOH-P, 5 3 > bt 435 45%-73% » £7 %
f 12 NaOH-P; ~ NaHCO3-P, ~ NaHCOs-P; ~ HCI-P; 2 HyO-Pi=x 2. » &% T4 7 L
BET AT L HO-PiE ™ Bk BT g B 3P gk e iy S U
#(H20-P; ~ NaHCO3-P; ~ NaHCO3-Po 8, fv) e % 2 3 % &1k 280 1% - 3% »
M e 4 3 % 1% cgi(HCI-P; ~ Residual P 3, fe) B ik 4 3& > 8% 88% - 95% o
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214 LA RRIREBTFHMEINEZ RS

Shifen Depth H20-Pi NaHCOs-Pi  NaHCOs- NaOH-P; NaOH-Po HCI-P; Residual P Total P

(cm) (mgkg™)  (mgkg?) : Pﬁ , (mgkg")  (mgkg?)  (mgkg?)  (mgkg?)  (mgkg?)
mg Kg-

Coal waste heap 0-10 0.77A 7.68% 24.32A 38.06% 36.95% 13.32A 1055.954 1164.73A
10-20 0.74~ 2.46" 12.447 35.24A 27.117 8.94A 1172.34A 1259.27A
20-30 2.13A 414 15.6% 48.987 22.77A 9.98% 1070.10% 1166.07A
30-50 1.05 4.06" 11.29* 49.167 16.074 6.76" 1207.57A  1290.60"
50-100 1.47A 3.067 12.74A 41.624 11.78A 5.82A 1104.38% 1180.87A

Secondary 0-10 0.98% 10.647 16.417 38.987 78.87A 3.348 1115.854 1265.07A

forest 10-20 0.4A 5.928 14.98A 22.44° 57.06" 2.828 1170.514 1274.13A
20-30 0.00% 4.2A 14.47 17.68 58.914 2.767 713.787 811.73A
30-50 0.27A 3.6% 17.7A 19.568 55.965 3.268 718.188 818.53"8
50-100 0.00% 5.02A 16.03~ 16.185 47538 3.568 620.614 708.934

Rock of Coal

0.80 0.25 0.00 70.74 0.00 26.09 1141.76 1239.634

waste heap

Rock of

Secondary - - - - - - - - 955.27A

forest

Tl 32 A7 L BTN EY B LRI R R F LR (P>0.05)
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215 2B AT EAEBEAG b A sk R B 2R AP B

Shifen Depth H20-Pi NaHCOs-Pi NaHCOs-Po  NaOH-Pi NaOH-Po HCI-P; Residual P
(cm) (%) (%) (%) (%) (%) (%) (%)
Coal waste  0-10 0.07 0.66 2.09 3.27 3.17 1.14 90.66
heap 10-20 0.06 0.20 0.99 2.80 2.15 0.71 93.10
20-30 0.18 0.35 1.34 4.20 1.95 0.86 91.77
30-50 0.08 0.31 0.87 3.81 1.24 0.52 93.57
50-100 0.12 0.26 1.08 3.52 1.00 0.49 93.52
Secondary  0-10 0.08 0.84 1.30 3.08 6.23 0.26 88.20
forest 10-20 0.03 0.46 1.18 1.76 4.48 0.22 91.87
20-30 0.00 0.52 1.77 2.18 7.26 0.34 87.93
30-50 0.03 0.44 2.16 2.39 6.84 0.40 87.74
50-100 0.00 0.71 2.26 2.28 6.70 0.50 87.54
Rock of
Coal waste - 0.06 0.02 0.00 571 0.00 2.10 92.10
heap
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I~
50 £ F LB 4 el £ B

AR F AR B BT R T e G i o il &
R L MHETHRE U RART mﬁ:’ziﬁiﬁﬂ%[ﬁ o PR AN B %
R FNFIEFLARErEFE RIS HhES g LR A AR TR B
oL iR L A ikt > A DBH A3t 1 S alHE Y BT 60% 0 @ - A
T AT BEARTAE S S0 2 B A 0 F 01T 40% 0 BF
W T B L ERAE L BATEE AUkt 0 & DBH A %t 1 2 A il
¢ 46% 0 M A AR R B BN LA AP 0§ 9 28%
AR BEREA T 0 BRI ABEFRE R B LR RS S
PR R LERA R EEER R R A LR R A Y
BAMMNIAFRET c nH B Ak S RERERF o AFRE T LR R
ENLSAENER S i S SR S TEEE EEER S I Y e FF SN
FREAER DL S R ERER R LA BB LR R K
SEFE LHEEARR R R R R SR R 2B
WLEARE O BRAFLHMEDFRELELEERC ERTIE R F R R
A Y H IR R E S A R TR REZ R DB L eSS R
MER NGB NRELR > BT ERDAS I REEFFFER 4 PR Lo
HAk b € brE AR %l e 4 o

piu)

52 T LA el EG B AAPETLE

PR EIER IR SRR NIEE P RN e s ) R £

PR T AR BT AR R CR o BRI MG £ BE T

SHEE LS FOMAR KPR LG S LB L T UFIEL L
6

k=N
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SRARIER AN SUE Sl 2 CS AR IR S A -0l SRR SR RN iR SR L T
TIHEET P BELT P EET LR BRI DEBEK o A PIRG L
BEFLES IR THEL B TRE L E L@ o E ¥ e ik
BogodEgk o LGRS e A~ 23 0 R 2 pH T 0 K4 d
FAE &2 CECo oo > 5 (2000)4p L F e ®oh " 2 RFIZ 5 T BH
FRHY O APEAZER 0 FIE NI ETRBEE AT ERIS ALY
AT e pH BRI LR ERAEM - BEAL P FH R R pH E
BIFFORIE (2003 F % Apt o 2 pH @ R 2 g > B % S R E S
2T AR SEFLpIAFHFRL EFIFT R VR FxpH BEPREE
oo Fip 2 pH EAPRGFRE QOO L FH > TR BT ZFRE RS 0 A
AR HRKRES T IREL o
%zwiﬁﬁﬁﬁ\iiiﬁiwﬁ LR
&

3

s ¥R
£ FIMRS B P

PHFAR CHALAB VR EAIEIRTIAR L L LA

(Particulate organic matter, POM) s @2 58 » @ =t 4 k3 1 & L T 7 84
(Mineral associated organic matter, MAOM)shg 58 » &0 T 32955 F S fF e > 4
Bk AR A RE 05 10-405 5 ¥ T0n § AT RE o %

BOFAEA e AR B o BRE V) 5 8- 13 ARt POM L B A e g
(Lavallee etal., 2019) o ¥ ¢t » £ F L2204 dhk T i dp P AL 8 > » ¥ il B R
{6 % POM 32 MAOM h £ o gt o > £ 3 § 812,582 o cnfi 00k > 2 2§ 7
EFAFRE B PLAOREERIA KL PR LR P2F > HE P BT L
Ris 2 BT T el o

2 CEC Ea 7 L@t iy TR FAE% - v F CEC £7 52 i

b

g
put
b
=g

FREM O CEC Bt MARMARF LR » 1793 (2002) 2 & 5 L A1 7 4p
W B F L CEC @92 5 F "% 0 e 3P 5% (15-25 cmol kg!) © AR BEILIR
(1996)3 § & 5 (2000)%= 3 - CEC ER|F P A+ = o

53 B F LB fRend S 4R

BE L Mh2gE 2R R R AR A ER BT
41

do0i:10.6342/NTU202501985



P sl R R - RePh i fedB g o B Y 3 L2 3 Feq § 3Tt A R
Feq> fe Ala4rdp s » £ 5 L2 Feo i 2 k3 Feo 7 EABRF LR > e 4
HAEALEFF R E LI E AL WG e aE 2348 Fep ~ 48 Al ¥
E 2R A F B30 2 42 3 o Feo/Feq & Fea/Feo # AL 5 2 3R I chE & 4y
o B 5 b i gt Feo/Feq & #2 8 ch Feo/Fe #ici® » % 71 2 348 § P54
W) G A 2 B HARKRE 0 7 KF R 1 45 B(Tomohiro et al, 2018) - 7

) ll'L

5 HAEH A 0 2T Al/Alg > AlJAL AR F o S5 — R TR T i 4R

5

“3\;\:

R PRATBIELI ERES B IBER S0 TR AT LRSS KRR
% $ i c1 Feo/Feq & § % e Feo/Fe e ¥ it AXR>S4 Hend B o Fpt 2 g e 3§

BEBA AR T B RCE AT L ek s B LKA R R

AR BT LB BB hFe ~ Al 0 BEm 2 4R G B
& BL2IERITE B HREHELIEG P
7ZPOM 3 4 0 4 +R23EF B4R MAOM 5 4 o ¥ ob s Sod ka4 32
Fep/Feo ~ Aly/Alo 5«30 10 3P AL F FRA%2 7 i B2 § 2a 52900 4382 7%
#

5

}_
=
=
IR
—
—7\-
éﬁﬁ:

A S AE(MREY 0 2016) ) AT ET A SEpR o b

2 FeofFea ¥ it AAL IR e 0 =02 Hhd ¥ 5 G 4BE GIF & 8303 7 L 4 3 o

54 7 L 2R3 BB mz;'ri%?
B SRR L RS REARRE 0 RB L RS B
TAHG AR PSS AT RO FHP I EROESE TR
AR d AR LR T RE 2T S e S L R s F
WETLLIEEFRIN GO FRIGR - EP ARBEBOINLS B E LB HR
hiEd E 2T 1 @ 3 a5(H0-Pi ~ NaHCO;-P) Bg ¥ 2 8 » g &7 1%
& 15 PH(NaOH-P) 2 154 % % 1% chgb(HCI-P)R| 24 7 Lig >t 24k o 29 > &
pH 14 ~ 23 B SEA PR ™ > 234~ 4RF 1V F 6 BRI A 2 S iEr
A5 B MR ~ ARERFA T o 7 RN A S STRAR ~ 4RFAFSA T o Martinez et al. (1996)
SR RNl FEEIE L TR F R e SRR - Ll SRR B Rohs

42

do0i:10.6342/NTU202501985



WA P > WG BT EIEY > @ T o £ 02000 5 3FEE
7 > 2003) > @ 4% ~ 4EZETF X £7 NaOH-P; 4p B 12 855 (3R 4892 » 2020) » A7 7 %
FELALBEBAPETT B 4FF L RSB RS LN E SRR
% Hedley #% 5 7B ¢ » ™/ NaOH *T5 PPz £ 3 H 8 B o ¥ oh 5
Pl gE 3 b A1 SR HCLIP) B > 2 4238 0 B AR F L ER DS 1
Bt A 4Ry PN A R CARA K 0 AP HIRCE E (3BT 5 2020) 0 gk
PR RAAFLEOPE ) R ENPD AES L HhE 727 Hedley 5 71 5
Br o

Hedley % P~73 @584 > NaHCO;-Po aedb 7 L2 0 2 $hd £ $ 30 a8
BHNaHCO3-Py) > fe 5 £ £ 2 A% o NaOH-Po =2 2 A F § 2 7 L2 3 > 7
REFZI AT F LI PR IAFEZ IR P TR G P57 EGRE
25 2020) 0 ¥ 4 HR2 G B 20 MAOM 54 0 457 004 3§ 5 P
POM 3 & » 5% 234 W 2 0hi B 6 At DI B4R L2 HREA )
% NaOH-P; 2 » = 2 4k 4 3B ¥_7 NaOH-P, % i o

55 BB LT TS
FAEM I FEH APRETER RRFLIENTIFEE X IEFRF TS o
FE - PRI EE T )T R S5 FA2 5 p FTEpEFE

o+

FEI G TEE RPEFORELIEE I RIS LR F
Eo P TMFREAPFROHIR CEMETEY S BOFELEFLIETEFR

B oA ARG R T HR T R A R B e SOC ~ TN 2 % 3 {448
BT BB A EOBBFRLI A FRE BT RADAR ST
i d R - A e o

43

do0i:10.6342/NTU202501985



Ald N Feo N Alo

Fet N Alt > Fed

NaOH-P;

SOC ~ TN - Fe, ~ Al,

» NaOH-P, ~ CEC ~ pH

Rk ke

Bwl

Bw2

Bl 6~#7L&=xd 41 Ee 7 LHF

%

44

do0i:10.6342/NTU202501985



S P A E BRI NSRRI ATARR > TR ERD A
B - H P BT FHEFL A AFRCTT G L H e L e
6o 2 BEE A AT AR T BRI A AP T o AR A e R AT
B PR e SR E Lfi At A BB B S A R A filk s T35
DBH ~BA 2 2 4 5 fiftip v PP A v = 2 450 B R B RE hF e 2 o
ﬁ%iﬁﬂBH&ﬁiﬁwk’fﬂ%?i%;ﬁﬁﬁﬁﬁﬁiﬁﬁﬁiﬂ@
e AN G AL EFLIEDE T AR AR T B AR g
T AFRAEAEA RS > AR F B RF  2EIFER & 50-100 2 4 pF
FERFMATARTNE  IHAATCFUTET > B LR LG RS
pH & ~ #% 9 SOC~TN 2 CEC > E#H M X P4~ 1+ F L Feg/Fe 2 # it
1Feo/Feq > iz BB BT L Lk PR B WA 4K T2 B EA BT R
Bh A HRAIEE o F - AR E R TR F DTN 2 ER BT - 4F
SEET OB LATIPRE T AT IR CERFTLR AT L 2R
LT EXERRE w FALERF]T o ¥ B Ld AR R
5o PR ATE G @ SOC kR HE 2 pH EHIS - P 2 FlF 2 LR
¥ELIENER TS o
€ _Hedley B2 R 7% % 87 » 3 7 L2 =0 2 dRenmd) fg ‘%7 Residual P 12 b

Ny
er\
Ly
=
%

72 NaOH-P 5 1 > 2248 ~ 4RaE3 % £, 48 ~ 48t B > £ 7 L eh NaOH-P 12 &
Wik s> ARG PESL > HFELIHESOC-TN 2 CNEFp kg ¥ 7
L2 2 4k SOM A £ F > 3 F 12 POM 4 4 > 85 R12 MAOM 3 4 < @ 2
Bl > P LA FRANRDBIEELIEFRART BT I EIETERR
B BEW AT T AR A
FHETLEERR L g RFTTRETRCPFTRY AP T4
MO RFPLIFMNTATEIEFRE 2P A3 FTOREREEL > J 03 F

b
N
\
o

1O Ot R ETR T ARR o d T
FHLEP AN EP A FE I T Sk F R E AR R
PR FiCEEE > e PSR T L L

do0i:10.6342/NTU202501985



F %% (2023) BRI F A L3 4 5> CWB Observation Data Inquire System o

TEMESIEL B g (1997) TiEsE o £ R o

vEE S F A FHE (2004) 2 EAF O Fles 2 B g it o fERE R
grae il B4 10(6) © 663-670 °

E A (2005) 2 DCB iz 553 37 53§ 4z it - M 2 gL ¥ g
PR Lt o

HOTE (2017) AR E ARG HRHIEF BRBEEEZ RIS RE - R
TR EEHRRETREF T TR LH?

Fhigah~ Tazid ~ B £ (1992) 2AEHFHREFFHLFP2PAE o ¢ k3
W E AR 23(2) 1 57-72 ¢

HAFAT (2016) o oM R p L ARk M2 FH LT L o R R B LY
LEEy LY o

¥ (2007) FHRAESE S ALE - S L B E R S 5](1897~1989) o B ¢
LA BEAL TR bR IR o

B (2012) TiEs BB EHF B E T RE S (1820-1969) o B & B 4 4
BUREFT s gLk o

k4 (2009) 2P BaESPHETF PERF R B RN L HFFLE
(=P ey B IR

AR (2023) AR AHL A FFEFL 2 L AF o FRAREL 2L
7 31(3) : 110-132 »

SE4RTe (2020) A B3 R AR 2 S B A o M AP S SRS
BT LY o

MAF (2016) ATt Hmf g2 Fit T IR 2 PFERBEHELE - B2
FH S EHRETETREF T TR LB o

REK (1988) (T FA2- FHFFTREPE BEse s £4) 2401 %
LI T 1 W AL

FEOk i s B gt (1990) A ARG GBS HRA 2 B o SR SR
46

*

oy

}

do0i:10.6342/NTU202501985



NERT 65 1-11 0

FHLIE (2003) B AR 2 I bRy P ST BN B I EAR L TSR o
B g EHEE ] Lk

PEH (2000) P ARHEBA L 2 H T HBI P RTLPE B2
PR EREET LGS -

.5 57 (2024) MR TEAAGEAE R A A HRALE T B ke 1 T R

o M B FEHBRETREF L THALG

§ L s ERAAT  FRBHE (2009) o s IRIE AR H2 B E LT Y o
SHHREALE 24(1) 1 27-40 ¢

FiLie (1996) 924 2 5 $ R P ER A HAL HI EB 2 - W2 484 £ 4
HEFT T Lk o

FiLie (2008) EiTE SR 2 B o Btk o HREF L B 15(1) ¢ 14417 ¢

4

|

4

=

|

x

Abdelrhman, A. A., Gao, L., Li, S., Lu, J., Song, X., Zhang, M., Zheng, F. & Wu, H.
(2021) Long-Term Application of Organic Wastes Improves Soil Carbon and
Structural Properties in Dryland Affected by Coal Mining Activity. Sustainability,
13(10), 5686.

Ahirwal, J. & Maiti, S. K. (2016). Assessment of soil properties of different land uses
generated due to surface coal mining activities in tropical Sal (Shorea robusta)
forest, India. Catena, 140, 155-163.

Ahirwal, J., Maiti, S. K. & Reddy, M. S. (2017) Development of carbon, nitrogen and

phosphate stocks of reclaimed coal mine soil within 8 years after forestation
with Prosopis juliflora (Sw.) Dc. Catena, 156, 42-50.

Amichev, B. Y., Burger, J. A. & Rodrigue, J. A. (2008). Carbon sequestration by forests
and soils on mined land in the Midwestern and Appalachian coalfields of the U.S.
Forest Ecology and Management, 256(11), 1949-1959

Barral, M. T., Arias, M. & Guérif, J. (1998). Effects of iron and organic matter on the

47

do0i:10.6342/NTU202501985



porosity and structural stability of soil aggregates. Soil & Tillage Research, 46(3-
4),261-272.

Barrow, N. J., Debnath, A. & Sen, A. (2023). Investigating the dissolution of soil
Phosphate. Plant and Soil, 490, 591-599.

Barrow, N. J., Sen, A., Roy, N. & Debnath, A. (2021). The soil phosphate fractionation
fallacy. Plant and Soil, 459, 1-11.

Don, A., Schumacher, J. & Freibauer, A. (2011) Impact of tropical land-use change on
soil organic carbon stocks — a meta-analysis. Global Change Biology, 17(4), 1658-
1670.

Doorn, M. v., Rotterdam, D. v., Ros, G., Koopmans, G. F., Smolders, E. & Vries, W. d.
(2024). The phosphorus saturation degree as a universal agronomic and
environmental soil P test. Critical Reviews in Environmental Science and
Technology, 54(5), 385-404.

Feng, Y., Wang, J., Bai, Z. & Reading, L. (2019). Effects of surface coal mining and
land reclamation on soil properties: A review. Earth-Science Reviews, 191, 12-25.

Frouz, J., Dvors&ik, P., Vavrova, A., Dousova, O., Kadochova, S. & Matgjicek, L.
(2015). Development of canopy cover and woody vegetation biomass on reclaimed
and unreclaimed post-mining sites. Ecological Engineering, 84, 233-239.

Frouz, J., Kal¢ik, J. & Velichova, V. (2011). Factors causing spatial heterogeneity in soil
properties, plant cover, and soil fauna in a non-reclaimed post-mining site.
Ecological Engineering, 37(11), 1910-1913.

Frouz, J., Liveckova, M., Albrechtova, J., Chronidkova, A., Cajthaml, T., Pizl, V., Hanél,
L., Stary, J., Baldrian, P., Lhotakov4, Z., Simackova, H.& Cepékova, S. (2013). Is
the effect of trees on soil properties mediated by soil fauna? A case study from

48

do0i:10.6342/NTU202501985



post-mining sites. Forest Ecology and Management, 309, 87-95.

Frouz, J., Prach, K., Pizl, V., Hanél, L., Stary, J., Tajovsky, K., Materna, J., Balik, V.,
Kalgik, J. & Rehounkova, K. (2008). Interactions between soil development,
vegetation and soil fauna during spontaneous succession in post mining sites.
European Journal of Soil Biology, 44(1), 109-121.

Gorsira, B. & Risenhoover, K. L. (1994). An evaluation of woodland reclamation on
strip-mined lands in east Texas. Environmental Management, 18, 787-793.

Gunathunga, S. U., Gagen, E. J., Evans, P. N., Erskine, P. D. & Southam, G. (2023).
Anthropedogenesis in coal mine overburden; the need for a comprehensive,
fundamental biogeochemical approach. Science of the Total Environment, 892,
164515.

Kompata-Baba, A., Bierza, W., Sierka, E., Blonska, A., Besenyei, L. & Wozniak, G.
(2021). The role of plants and soil properties in the enzyme activities of substrates
on hard coal mine spoil heaps. Scientific Reports, 11 ,5155.

Kompata-Baba, A., Bierza, W., Blonska, A., Sierka, E., Magurno, F., Chmura, D.,
Besenyei, L., Radosz, L.. & Wozniak, G. (2019). Vegetation diversity on coal mine
spoil heaps — how important is the texture of the soil substrate? Biologia, 74, 419-
436.

Kompata-Baba, A., Sierka, E., Dyderski, M. K., Bierza, W., Magurno, F., Besenyei, L.,
Btonska, A., RyS, K., Jagodzinski, A. M. & Wozniak, G. (2020). Do the dominant
plant species impact the substrate and vegetation composition of post-coal mining
spoil heaps? Ecological Engineering, 143, 105685.

Lavallee, J. M., Soong, J. L., & Cotrufo, M. F. (2020). Conceptualizing soil organic
matter into particulate andmineral-associated forms to address global change in

49

do0i:10.6342/NTU202501985



the21st century. Global Change Biology, 26(1), 261-273.

Liu, X., Bai, Z., Zhou, W., Cao, Y. & Zhang, G. (2017) Changes in soil properties in the
soil profile after mining and reclamation in an opencast coal mine on the Loess
Plateau, China. Ecological Engineering, 98, 228-239.

Markowicz, A., Wozniak, G., Borymski, S., Piotrowska-Seget, Z. & Chmura, D. (2015).
Links in the functional diversity between soil microorganisms and plant
communities during natural succession in coal mine spoil heaps. Ecological
Research, 30, 1005-1014.

Martinez, C. M., Marcos, M. L. F. & Rodriguez, E. A. (1996). Factors influencing
phosphorus adsorption in mine soils in Galicia, Spain. Science of the Total
Environment, 180(2), 137-145.

Martins, W. B. R., Lima, M. D. R., Junior, U. de O. B., Villas-Boas Amorim, L. S.,
Oliveira, F. de A. & Schwartz, G. (2020). Ecological methods and indicators for
recovering and monitoring ecosystems after mining: A global literature review.
Ecological Engineering, 145, 105707.

Miguel, P., Stumpf, L., Pinto, L. F. S., Pauletto, E. A., Rodrigues, M. F., Barboza, L. S.,
Leidemer, J. D., Duarte, T. B., Pinto, M. A. B., De Garcia Fernandez, M. B.,
Islabdo, L. O., da Silveira, L. M. & Rocha, J.V. P. (2023). Physical restoration of a
minesoil after 10.6 years of revegetation. Soil & Tillage Research, 227, 105599.

Mudrék, O., Dolezal, J. & Frouz, J. (2016). Initial species composition predicts the
progress in the spontaneous succession on post-mining sites. Ecological
Engineering, 95, 665-670.

Mukhopadhyay, S., Masto, R. E., Yadav, A., George, J., Ram, L. C. & Shukla, S. P.
(2016). Soil quality index for evaluation of reclaimed coal mine spoil. Science of

50

do0i:10.6342/NTU202501985



the Total Environment, 542, 540-550.

Nishigaki, T., Sugihara, S., Kobayashi, K., Hashimoto, Y., Kilasara, M., Tanaka, H.,
Watanabe, T. & Funakawa, S. (2018). Fractionation of phosphorus in soils with
different geological and soil physicochemical properties in southern Tanzania. Soil
Science and Plant Nutrition, 64(3), 291-299.

Rahmonov, O., Czajka, A., Nadudvari, A., Fajer, M., Sporna, T. & Szyputa, B. (2022).
Soil and Vegetation Development on Coal-Waste Dump in Southern Poland.
International Journal of Environmental Research and Public Health, 19(15), 9167.

Rahmonov, O., Krzysztofik, R., Srodek, D. & Smolarek-Lach, J. (2020). Vegetation-
and Environmental Changes on Non-Reclaimed Spoil Heaps in Southern Poland.
Biology, 9(7), 164.

Rumpel, C., Knicker, H., Kdgel-Knabner, 1., Skjemstad, J. O. & Hiittl, R. F. (1998).
Types and chemical composition of organic matter in reforested lignite-rich mine
soils. Geoderma, 86(1-2), 123-142.

Sena, K. L., Yeager, K. M., Barton, C. D., Lhotka, J. M., Bond, W. E. & Schindler, K. J.
(2021). Development of Mine Soils in a Chronosequence of Forestry-Reclaimed
Sites in Eastern Kentucky. Minerals, 11, 422.

Soremi, A. O., Adetunji, M. T., Azeez, J. O., Adejuyigbe, C. O. & Bodunde, J. G.
(2017). Speciation and dynamics of phosphorus in some organically amended soils
of southwestern Nigeria. Chemical Speciation & Bioavailability, 29(1), 42-53.

Sourkova, M., Frouz, J. & Santruckova, H. (2005). Accumulation of carbon, nitrogen
and phosphorus during soil formation on alder spoil heaps after brown-coal
mining, near Sokolov (Czech Republic). Geoderma, 124(1-2), 203-214.

Spasi¢, M., Drabek, O., Boriivka, L. & Tejnecky, V. (2023). Trends of Global Scientific

51

do0i:10.6342/NTU202501985



Research on Reclaimed Coal Mine Sites between 2015 and 2020. Applied
Sciences, 13(14), 8412.

Stumpf, L., Pauletto, E. A. & Pinto, L. F. S. (2016). Soil aggregation and root growth of
perennial grasses in a constructed clay minesoil. Soil & Tillage Research, 161, 71-
78.

Ussiri, D. A. N., Jacinthe, P. & Lal, R. (2014) Methods for determination of coal carbon
in reclaimed minesoils: A review. Geoderma, 214-215, 155-167.

Ussiri, D.A.N. & Lal, R. (2008) Method for Determining Coal Carbon in the Reclaimed
Minesoils Contaminated with Coal. Soil Science Society of America Journal, 72,
231-237.

Wang, J., Wang, H., Cao, Y., Bai, Z. & Qin, Q. (2016). Effects of soil and topographic
factors on vegetation restoration in opencast coal mine dumps located in a loess
area. Scientific Reports, 6, 22058.

Wang, J., Wu, Y., Zhou, J., Bing, H. & Sun, H. (2016). Carbon demand drives microbial
mineralization of organic phosphorus during the early stage of soil development.
Biology and Fertility of Soils, 52, 825-839.

Wos, B., Nezhad, M. T. K., Mustafa, A., Pietrzykowski, M. & Frouz, J. (2023). Soil
carbon storage in unreclaimed post mining sites estimated by a chronosequence
approach and comparison with historical data. Catena, 220, 106664.

Yu, W., Huang, W., Weintraub-Leff, S. R. & Hall, S. J. (2022). Where and why do
particulate organic matter (POM) and mineral-associated organic matter (MAOM)
differ among diverse soils? Soil Biology and Biochemistry, 172, 108756.

Zhao, Z., Shahrour, 1., Bai, Z., Fan, W., Feng, L. & Li, H. (2013). Soils development in
opencast coal mine spoils reclaimed for 1-13 years in the West-Northern Loess

52

do0i:10.6342/NTU202501985



Plateau of China. European Journal of Soil Biology, 55, 40-46.
Zipper, C. E., Burger, J. A., Skousen, J. G., Angel, P. N, Barton, C. D, Davis V. &
Franklin, J. A. (2011). Restoring Forests and Associated Ecosystem Services on

Appalachian Coal Surface Mines. Environmental Management, 47, 751-765.

53

do0i:10.6342/NTU202501985



N
RN B L

Shifen

Coal waste heap

Secondary forest

/A #1# Anacardiaceae
%X B A Rhus chinensis var. roxburghii (133)
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I 4c#* Araliaceae
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‘L% Schefflera octophylla (167)
% % #L Caprifoliaceae
B R % ¥ Viburnum luzonicum (33)

7% & f# 4+ Daphniphyllaceae

B =% & 4 Daphniphyllum

glaucescens ssp. oldhamii (100)
# # 4% Elaeocarpaceae

% & FElaeocarpus japonicus (67)
~ 4% Euphorbiaceae

W Aleurites fordii (133)

v %+ Mailouts paniculatus (233)

5 2= Sapium sebiferum (33)
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% #* Moraceae
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* 7 # Aquifoliaceae
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L% Schefflera octophylla (300)
% % 4+ Caprifoliaceae

E R % i Viburnum luzonicum (33)
. & 4+ Daphniphyllaceae

B <% & 4@ Daphniphyllum

glaucescens ssp. oldhamii (833)
1 #4* Ebenaceae

& k= 4F Diospyros morrisiana (100)
1 & ¢ Elaeocarpaceae

¥ & Elaeocarpus japonicus (100)
~ p¢4* Euphorbiaceae

BT ¥ & Antidesma

Jjaponicum var. densiflorum (33)

i MER % Glochidion rubrum (33)

v %+ Mallotus paniculatus (133)
#2171 Fagaceae

% & % Castanopsis cuspidata var. carlesii (33)
#-4+ Lauraceae

Sz tp Machilus thunbergii (267)
¥ 2+ L Melastomataceae

tp £~ A Blastus cochinchinensis (33)

B2 Melastoma septemnervium (33)
% #* Moraceae

-k B~ Ficus fistulosa (100)
% & 2§ Myrsinaceae

| E 8 Ardisia quinquegona (100)
B Ardisia sieboldii (233)
% % 142 ¥° Maesa perlaria var. formosana
(33)
< ' 4§ Myrsine seguinii (500)
¥ £ 4R 1 Myrtaceae
T E A
Syzygium buxifolium (33)
Li§e P L Proteaceae
iz ® B Helicia cochinchinensis (167)
¥ &#* Rosaceae
% BLB Y Prunus phaeosticta (167)
& ¥ 4! Rubiaceae
L% ¥% Gardenia jasminoides (33)
GEE T
Lasianthus wallichii (67)
1 & & Psychotria rubra (200)
% ¥ M Randia cochinchinensis (167)
-k % A Sinoadina racemose (33)
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L X B Symplocos glauca (67) ¥ ¥ # Tricalysia dubia (67)

% #* Theaceae A Ff& Unknow Species (67)
= =& Cleyera japonica var. morii 'k & % Wendlandia formosana (33)
(1167)
K #s A Eurya chinensis (133) £ 4 #* Rutaceae
+ g & Polyspora axillaris (133) B 3 4t Tetradium glabrifolium (67)
% ffr#* Urticaceae 7k %4 Sabiaceae
% 1L % Jir Oreocnide pedunculata (67) 4 B3 Meliosma rigida (33)

B BLE §L Verbenaceae LB 3§ Saxifragaceae
% # Clerodendrum cyrtophyllum (133) | 1= B 1 Itea parviflora (67)

4 7= #1 Staphyleaceae
L 4 [l Turpinia formosana (100)

% #* Theaceae
# = =30 Cleyera japonica var. morii (100)
F FAs & Eurya chinensis (33)
~ g & Polyspora axillaris (67)

% 4+ Urticaceae
£ 1L % Jir Oreocnide pedunculata (67)

B BLE §1 Verbenaceae
= 3 Clerodendrum cyrtophyllum (167)
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