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ABSTRACT

ABSTRACT

Soil organic carbon (SOC) play an essential role in sustainability of soil physical
structure and mitigation of climate changes. It is of globally recognized significance to
understand the preservation mechanism of SOC. Until recently, researches on SOC
stabilization have predominantly focused on acidic soil environments and the
interactions between SOC and aluminium (Al) or iron (Fe), While the interactions
between SOC and calcium (Ca) have typically received less attention. The researchers
believe that Ca minerals are more related to the preservation of SOC in high-calcium
soils, but more detailed studies on how Ca minerals interact with SOC are still lacking.
This study selected three calcareous soil profiles and, to comparation, two zonal soils
in karst region, quantized of SOC fraction released after sequential selective dissolution
of minerals associated with SOC preservation, and characterized extractant soluble
organic carbon fraction (EOCF) and alkali-soluble organic carbon fraction (AOCF)
using Fluorescence excitation—emission matrix spectroscopy (EEMs), revealed the
relationships between the quantity and quality of SOC and corresponding mineral. After
sequential extraction of limestone soil, we obtained the following preliminary
conclusions:

The first extractant is deionized water, which could remove small amounts of
water-soluble calcium (Caw) minerals and EOCr from soils; Caw show a high
preservation efficiency for EOCr. These organic components contain a large amount of
fulvic acid.

The second extractant is magnesium chloride solution, which could remove large
amounts of exchangeable calcium minerals (Camc) from soils. The amount of EOCk is
very low, but amount of AOCk is high. The Camc show a high preservation efficiency
for AOCk. The EOCF contains a high content of soluble microbial products and is highly
changed by microorganisms.

The third extractant is hydroxylamine hydrochloride, which could remove a large
amount of calcium carbonate and amorphous Fe/Al minerals from soils. The amounts
of EOCFr and AOCsk related to these mineral are very high. These minerals have a high
preservation efficiency to both EOCr and AOCr. The EOCr contains high content of
aromatic protein, while the AOCF contains high content of humic acid.

The fourth extractant is sodium pyrophosphate, which could remove the organic
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complex Fe/Al minerals from soils. The content of EOCF is high while and AOCk is
medium. These minerals have high preservation efficiency to EOCr but low to AOCk.
The EOCF contains a large amount of humic acid-like substances, and is low altered by
microorganisms, while AOCk is highly altered by microorganisms.

The fifth extractant is Sodium dithionite, which could remove the crystalline iron
minerals from soils. The amounts of EOCr and AOCkF related to this mineral are
medium. The preservation efficiencies of crystalline iron to both EOCr and AOCk are
low. The EOCr shows very low fluorescence, while the AOCr is highly altered by
microorganism.

The contents of various forms of calcium minerals in limestone soils are higher
than those in non-limestone soils, while the contents of organic complexed Fe/Al,
crystalline Fe/Al minerals in limestone soils are lower than that in yellow soil. The total
amounts of AOCF preserved by metallic minerals in the limestone soils were
significantly higher than those in the non-limestone soils, and the preservations of
organic carbons in limestone soils are both related to various forms of calcium minerals
and Fe/Al minerals, while preservations of organic carbons in yellow soil are more
related to Fe/Al minerals. Most of the limestone soil fulvic acids do not bind to minerals,
but exist in a free state, whereas most of non-limestone soil fulvic acids bind to
amorphous Fe/Al minerals. The EOCk are lower altered by microorganism than that of

non-limestone soils.

Keywords: Selective dissolution; Limestone soil; Organic carbon; Mineral forms;

Fluorescence spectrum
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Symbols

SOM:
SOC:

MC:
HH:
SP:
SH:
OCr:
EOCk:
EOCw:

EOCwmc:
EOCumn:

EOCsp:
EOCsu:
AOC:

AOCk:

HSCwmc:

HSCuu:

HSCsp:

HSCsq:

EEMs:

ESW:
ESMC:

Symbols

Soil organic matter

Soil organic carbon

Deionized water

Magnesium chloride solution

Hydroxylamine hydrochloride solution

Sodium pyrophosphate solution

Sodium dithionite solution

Total organic carbon in soil

Extractant soluble organic carbon fractions

Organic carbon fraction extracted by deionized water

Organic carbon fraction extracted by magnesium chloride solution
Organic carbon fraction extracted by hydroxylamine hydrochloride
solution

Organic carbon fraction extracted by sodium pyrophosphate solution
Organic carbon fraction extracted by sodium dithionite solution

Alkali soluble organic carbon after extraction of sodium hydroxide
solution

Alkali soluble organic carbon fractions after extraction of sequential
selective dissolution

Alkali soluble organic carbon fraction after extraction of magnesium
chloride solution

Alkali soluble organic carbon fraction after extraction of hydroxylamine
hydrochloride solution

Alkali soluble organic carbon fraction after extraction of sodium
pyrophosphate solution

Alkali soluble organic carbon fraction after extraction of sodium dithionite
solution

Excitation - emission synchronous scanning fluorescence matrix
Supernatant extracted by deionized water

Supernatant extracted by magnesium chloride solution



Symbols

ESHH:
ESSP:
ESSH:
ASdW:

ASdAMC:

ASdHH:

ASdSP:

ASdSH:

FI:

Supernatant extracted by hydroxylamine hydrochloride solution
Supernatant extracted by sodium pyrophosphate solution

Supernatant extracted by sodium dithionite solution

Supernatant extracted by sodium hydroxide after deionized water
extraction

Supernatant extracted by sodium hydroxide after magnesium chloride
solution extraction

Supernatant extracted by sodium hydroxide after hydroxylamine
hydrochloride solution extraction

Supernatant extracted by sodium hydroxide after sodium pyrophosphate
solution extraction

Supernatant extracted by sodium hydroxide after sodium dithionite
solution extraction

Fluorescence index
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and Skjemstad, 2000; Kogel-Knabner et al., 2008; Liitzow et al., 2006). Sollins et al.
(1996) i€ 7 LA =Ml (1D HIBEVIRRS TR CHUREMED: (2) X%
AR AR AT S (3) SENBTLHA B KA EAER- . M2 T, Krull et
al. (2003) KX LR 7 PR “LEABUEE A<D BRI, von Lutzow et al.
(2006) Z5A T A R EK FE SOC B/ AR M IR IR 73 =2, BB LR
77 AT KA SR MG B R TR EAER . RIS, g, &
BLERALES, SOM FaiE B LA LS| AT fe [ #E /e, HEEEAR (von
Luetzow et al., 2006). HIRIXLLHF 7T X2 6] SOC FasE M FINLEIE T A F
g5, B5 3R R SRIAE H AR £ 8O0 7 Bl il (Chenu and Plante,
2006; Six et al., 2002; Sorensen, 1969; Sorensen, 1972; Sorensen, 1975; Throckmorton
etal., 2015; Torn et al., 1997; von Lutzow et al., 2006; Wang et al., 2014).

1.2. B3Ry Y-AHURAHEAER

SR A B B A R R TR AN 3G HLUR AR E N K (Eusterhues
et al., 2003; Hedges and Oades, 1997). #%, SEMEVUREAME T WHE
BUSAHLE, WRB T80 0 AH A IUSR ) 2 il SE4E, REEET R . 500 MIRAER OM

(FEREMEEREAESD ML, T REAHURE CN HEBIK (von Luetzow
et al., 2007; Wagai et al., 2009). 15 &I [H K1)+ C Ao 25V MR MR
FHES T IR A NI E SR #4556 (Heckman et al., 2018; Kleber et al.,
2015; Kleber et al., 2007; Kogel-Knabner et al., 2008).

LI TN A HLT (SOMD [HFRE 7T ReAALE I FPALA] . L3 W b
IFLEREE /0T SOM FIPnER LRI /E HI LA KT 1R THI 5 SOM. A HLEL AT ik 2 H 5k
SR AR EMER . R ALBR ARG E MU ARAE T 0F R (D)
SOM W fft T B 42< 50 nm [f1/NFL, B ik /K SR BB A0 o AR HLER B (2D HLIR
BEANE£<20 nm LB, BT /KA BN AR KT FLAR B4R T HEBR 7E 41
B 1E B fR-B 4 (Mayer, 1994). (3) E4E 2 — 10 nm /NFRFL H RS = 500k S8 42 1 il
(Mayer, 1994), @A\ NA] 2718 FIERCAE L (Mayer, 1994); (4) 7£ Al F1 Fe %
WEIERITEOL T, < 2 nm WAL AT REA B T HUR A BAIFRE (Kaiser and
Guggenberger, 2003; Mayer and Xing, 2001). fERA ML K B FSE ) 73— MEE 2
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TEN VIR 5 A WU 45 & T ik 2 8 o S T80 A L7 77T FH I (Kaiser
and Guggenberger, 2000; Kaiser and Guggenberger, 2007b). 7 HLJ5i ] 52 5 [ 35 B
TR AT REME (9140 Kaiser and Zech (1999)), tHA] LLEGAEIR B 4> F IR & ,
SHEEME A ELE (Myneni et al., 1999; Namjesnik-Dejanovic and Maurice,
2001), FiE &G B RBIMEE, BRI (Parfittetal., 1999). IXFH2L
MR e 52 A AL I 70 % (Sollins et al., 1996).

Kleber etal. (2015) I\, AHL-H VIHEHEIE S B AARTF I, RATE T
RGN, GWNIEFIINZE 5y, Fah-& ik A B () B 25 507 5 85 (0 1 i
Wb AW MEFRISNE, WFRABIIEX, mINHE T (Bl AR Ca) fE
NAHUERARZ MR (Kleber et al., 2007), AMNEH MR > TR R AR T
W2, BRI E NS (Kogel-Knabner et al., 2008). HILA L, it fL
BEXT SOM I BRIP4 21 #)-SOM 2 [l 3 Bk 45 &, i PHES T (Fe AL 1 Ca)
Bt SOM HIfRAF B A BEAEH . BT AE/ER, X m P2 77E 3 DL
T YIS AEAE (Chadwick et al., 2003; Coward et al., 2018a; Shoji et al., 1993).
a1 Fe A1 ALAY), S9@BLERERN W) CHAREA PR YD SA RIFIIEERD
Y, HESEIREEGRRBEVINE IS EEMRET .

1R %2 IR E RGBT WA VLR A E PRI TT#ER (Deconinck, 1980; Masiello
et al., 2004; Percival et al., 2000; Wada and Higashi, 1976). 3% Fe fl Al # 5 & 4
HLB% (Johnson and Todd, 1983; Kaiser and Guggenberger, 2000; Skjemstad et al., 1990)
AIFET 14C P BEINHA] (Masiello et al., 2004; Torn et al., 1997) 2IEMH*KR,
X TR A X e JE A (TR AR S ARD 5t LG ML RS e M STRRIR K. Fe (%
RV A 2 V22 R A AN R 1 398 b V5 AR A LR A 2 U B R (Kaiser
and Guggenberger, 2000), T A4 KEFAHA N (Shang and Tiessen, 1998), Jf
Sof H AR P2 A2 B R (Miltner and Zech, 1998). Fe Al Al /E NZMPHE 7, H
BRI R E T LS AL (IR ss) 455 MAHL-&BECAY) (Boudot et
al., 1989; Higashi, 1983), 1] LAf& & A WLBHLPLRA Y 1) Wit (Mikutta et al.,
2007; Schneider et al., 2010). FFEAFHS (SRO, Ul Al-BL Fe- (£ E M.
KSR MR TA G, RESHERKENREMBZEIETRE (Coward et al,
2018a), J@E OM MHH HAE FTEAL 2% BBy kA3 WL Bt ook A 4k — 25 oy i

(Kleber et al., 2015; Kogel-Knabner et al., 2008). 7KEA" . £HEH F/REA S84
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WA LT AR B AR KR AR T pH E A58 S MTEHLH 257, WnBiER #h AN

BEEREE (Gu et al., 1994), HXF 55 & WA G W FI & 71 2 A WL 206 1R 58 1) 1k

P (Guetal., 1994; Zhou et al., 2001), 3£ HJLFRZ AT H] (Kaiser and Zech, 1999).
RILSME R RIR R B A B R 2 SRR, B e 5| AR MR

EEHIERSHREN LTS (Guetal., 1994; Kaiser et al., 1997). K& —

R FEN A WU R P Sk A R AL AT IR 7E B M iR e v e e 1)

(FIYEF (Eusterhues et al., 2003; Kaiser et al., 2002; Kaiser and Guggenberger, 2000;

Wiseman and Puttmann, 2005), {H[RIRAUEHE R HHLERE R MR E Lhdik

HEEH (Hiemstra et al., 2010; Kiem and Kogel-Knabner, 2002).

e ALY SEE HUR O IRAF A B A, Bl KB sa f R
A KPR AAFE T KL R L, AFE T IHABIREE R (Parfitt, 2009).
IKERTEA HE BRI  DERIR Y, (Theng, 1995), H MGG A E KB TEA
P IEEEAE pH A A R MR A 55 722 #8871 (Hashizume and Theng, 2007;
Parfitt, 2009). A HLUEC A AT LUE i W HH7E 16 3y 1 s A0 2 R4, R mT DUd i B
FEREB I ERR AR NSl (EAR< 100 nm) B iEAEYIMBEESET (Parfitt,
2009; Takahashi and Dahlgren, 2016), 3|3 (Huang et al., 2016). BPEL
e, IR KA R kol L, 7E R BB R AP HE K S R (Takahashi and
Dahlgren, 2016), Al Bef8 S5HHLECARTE A BRIEE S48 (Scheel et al., 2007), 3
AR RIIRAT . SR, Bl pH AR, RJeTERR Al-2 A LA HLEC
i (R ERRD A F S (Newcomb et al., 2017) 34007 A HUR
S oA BB o IR AERE T I N R (A AR AR ERD AT HL-EREC A R
PERIAS B F2IE (Miyazawa et al., 2013; Verde et al., 2005). 7K4R A 384 HL5 H)
JE B EL AR KAR T 18 (Parfitt, 2009), 'C I %E I C F45 B B 1] Bb A+ 2
KAf3% (Nieropetal.,2007). 7EHRIBARMIHA = TIEH, CHERS Al (B
RESFHD A, MERLMHIIER (Percival et al., 2000). {E Costa Rica, +
1 C RS Mg b X /K BB A L DR SR 1 26, (RIS IX 57T HL
SEE A Al 21EAMSE (Powers and Schlesinger, 2002). 53E/K 547 +-1%E
FALE, AKESHA AR A AT RSB T K90 13 C RN B (b R 2 5008
(Legay and Schaefer, 1984; Zunino et al., 1982), /K55 A HIEF A C 12,
C HIMAARLENE (Parfitt, 2009). 5 Al YHLE& R RECANLUT /8. 5T
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Z AR KILIR AR L, Ol R R HUT A2 BRI R AT e, T R
AFEEIZ (Naafs and van Bergen, 2002; Nierop et al., 2005). Parfitt et al. (1999)
WNEKEIA AR AT LLER 7338 € 20 (>13%). Podzols 1 Andosols H17K
I FEE SOM LUK &AM E A i 9+ (Gonzalez-Perez et al., 2007; Naafs
and van Bergen, 2002; Nierop et al., 2005), 5 HAANBAEYIEM N L&, TiiE
YrIE Y R %A (Buurman et al., 2007), AR R £ A5 (Nierop etal.,
2007; Nierop et al., 2005).

KT Ca™ BTG BB 3 il 52 W A 72K 2 98 S 3B A5 b oot L3712 2
[1Jid#2 (Clough and Skjemstad, 2000). F-7£ 80 “EHij,  Sokoloff (1938) #tZE—iX
KT Caly SOC Z A EAEMIRIBIFL, S¥in Na EhAHEL, 750N Ca FhEAHL
AR L AR . J5 Oades (1988) AAH & CaCOs BB IR A HL-0 YA I
TEFFEEH Ca Mf%. Ca MW #nt SOC HIRRENLEIE =Fh, BN Ca
LI (Rowley etal., 2018). BRERES FIELEEW K AW 1E M, fEx—id
P2 SOM JH G B ERIF B AR S AL R (Verrecchia et al., 1995), il g5 AL AR 40
P B 2255 A TER R B IR IR B 7E SOC Wi A e i R 2 S E T (Rowley
etal., 2018). T IX—J5 AT I T ZE I FIE A HLEK (DOC) M7 A Z 1) F)
B SRS, Suzuki (2002) HIWTFEERW], BRIERES AT LA B2 WAL VA IR B DOC
Moy, FREEHTHE S ERE (9.5 (Grunewald et al., 2006). Ca 58k CaCO;
BRI T E T LUET S Ca? B T AR A HLUR (Muneer and Oades,
1989a; Muneer and Oades, 1989b). #A1fi, Clough and Skjemstad (2000) 3 = ZI{X
IAFETE CaCOs FHEAFEI A BT I FEARIE, ACHAS Ca MAELEX T A KM L3 H
PUTI AR € 28 R 2L B S I AN SO R, P AEHeds Ca 1 SOC MR FE 2 ] &
PLIEA %% A& (Bertrand et al., 2007; Clough and Skjemstad, 2000; Gaiffe et al., 1984;
Oades, 1988; Paul et al., 2003; Shang and Tiessen, 2003). Peinemann et al. (2005) 2
AU ZEBR P 35 rh R A 2 R e M R /N, B AERRTE pH 264 T Fe AN
Al B R AR IERT AT (FHT 7-9;  (Sposito, 1989)), MIfI 4 &b
A AN Y. RETERMEZ R pH 040 T, XU VIR R S
Mifa B/ MR (Kaiser and Guggenberger, 2000; Kiem and Kogel-Knabner, 2002).
SR, Suzuki (2002) MELRIG NI A0 A S &, IR Re 2 Ry e TEmE
ST 2T IE FLAT (2529 05 9.5) . Ca S5 A A LT 32 B A v B M B 45 1y (it
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T LR RIZI3E ) (Olk et al., 1995). Mikutta et al. (2007) #R45iAN
Ca? - Mri Sk 55 &) . Baldock and Skjemstad (2000) A4 Ca?™ il [=] T 51l
AR SRR P AR SRR, AN 2 5 AR U i

1.3. BR-R & FPAMERER LS

WOR—RHERE (EEMD 58t RERE IE 2 —FhBgusk . 3B 1E . AERIRTER
Jiik, TR TR E AL T A/ 8 R T 5 DOM K45 & (Heetal., 2015; Wu
etal.,2011), EGH TR /KA LB A MEA LT (DOM) IZH AT AE sk ik
4G (Chen etal., 2003; He et al., 2011; Wu et al., 2004). YRAHVAMA N K H
AR CRIETEIR . KBTS FIPOGME 5 T H T HoRIEARFE . EEM
JEIEFR ML T A 5T DOM H A R GE B (Heetal,, 2013). E N4 EE
A F SRR A HURE S SRR 2 A0 A0 S H R EAT TR Z 07
R FER B, — 28 DOM A 5 B2 AR S R #,  13iH] DOM i —1%
A 5 AR JE T R 2 (B A7 /EBL & (Fulton et al., 2004; Klapper et al., 2002).
FOLTREL (FD 20K 370nm B (RS2 L, & 5N T a5 i I
FHLYX DOM JEFIAHXS DTk 2 UIAH 9% (McKnight et al., 2001) . 2¢ 't HE v ] 5.
BEANY, ASSZIRREYE 48 IS (He etal., 2013). E4EK R T HUR 4L
FEFERR WAL, FHARH T UM T 2O i B AL TR R (Kalbitz et al., 1999;
Milori et al., 2002; Zsolnay et al., 1999). (Zsolnay et al., 1999) L\ 338 m {5 fig i1 A AL
YR FExS R, 32 B E ORI K 254 nm, & ST SE Bl 435-480 nm THIFH (A4)
55300-345 nm [H (AD Z WA NEREATEE . ZIBPRFRN Ad/Ar. Kalbitz et al.
(1999) HIRIB 561w L3 b (A il w8 BT T o — P S B A0 TR 4L,
EI 400 nm 5 360 nm 4b 5% 638 FE LLAE (Luoo/Tze0) BX 470 nm 5 360 nm Ak F) 5% 6 ik
FELEAE (Tu70/T360)« Milori et al. (2002)38 1L Wl & 465 nm R 3K T ¥ il 5H SR 1)
R AHCIEHEAL, TS =AY E AL S Milori etal. (2006) {E¥AR K 351 nm
AEAF BN RS G AR, 2 T S8 DR AL FEH (Ass), HHAB=A AT
PRANTE], AR AR e T AR AL HR A AR L FE S O I 20 i . IR DU FE AL

EARIS B A B FIAISRME . (Milori et al., 2006; Milori etal., 2002), KZHAFHL T,
RIS 2 — B . EEM D45 & FRI. PARAFAC F1 SOM #% F KAtk
HEAE L FE A MR H . (Marhuenda-Egea et al., 2007), H T # 1 FE A HLA 5
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EAIE JE N (Cory and McKnight, 2005) F17E /K Ab ¥ i 72 b B LY 2 R 30R
(Bieroza et al., 2009; Bieroza et al., 2011).

Z W 7L EEM J6IEXT S I8 DOM #H1T T 2R 4E: Baker and Curry (2004)
FIA EEM JERES b = AN 5 A7 2 8RR 5 . Huo et al. (2008) {84 EEM
FEEF FEAS [FAE BB IR A 5> AT DOM #4548, Lu et al. (2009) @it 45 & % HE
BHZ ML 5 AT IR Tk e B I8 EEM J6i LA 6 5 £ 4 EEM 6. EEM
St H T EIEA PR WA, Hu et al. (2018) FIf EEM Jg il 78 %A A Hl
FEVRLGS 2 5 S B M O IR RS, DA SRS IR L AR 2 3 T R S0
()75 B 45 & 2% . Sen Kavurmaci and Bekbolet (2014) % 3L 54 51 1 5¢ 6 6 1E 1)
FHAE & Ex/Em 3K BK

14, HRERT WEFEEFRR

R LR B VR VA IR AN RS IR ER T P R R T2 B IR 58 i
BEERARAT I S — MR I AR R AN - A IR - R SN 1 VR S TR (Souza et
al., 2017; Yin et al., 2016; Zhao et al., 2017a; Zhao et al., 2017b; Zhu et al., 2016). 1%
T DASR B 200 B A (Bl n 3R AR R R AR KRR
HvD, (HARESEECH L ¥ 45 #%k (Lalonde et al., 2012; Mehra and Jackson,
1960; Wagai and Mayer, 2007) . 3% — V&% B2 5 %F FCAth - 34 90 M0 52 i A K
(Borggaard, 1982). AR R $h 2L Be ok 38 LT 2 Vi 7 Hob iitiE ),
AHEEEL (Schwertmann, 1988). 302 A WIEREEH ) (BN R REG P4k
B 55 AERERT YD) R ME— RO TR - RERR IR AR (Souza et al,
2017; Yin et al., 2016; Zhao et al., 2017a; Zhao et al., 2017b; Zhu et al., 2016), # i
TR KK R KA+ (Parfitt and Childs, 1988). it R AEE R Eh B
ERLIER . FHSEE BEEE. BED) BT MR R — R SR
B4 (Yinetal., 2016; Zhu et al., 2016). FEFRIESEMEBE FEELSES, 0.1M M
RN 2 T E LI 5E PR E S MELRE (Loveland and Digby,
1984; Wagai et al., 2013). #FINA, Bt BRI DUA MR RIE T APL-5
%40 (Higashi, 1983), W& FI/KEBTE A/ ES AR (Farmer et al., 1983;
Parfitt and Henmi, 1982), 15— J71H, EREfEFEREANYIRIATIRAL (Kaiser
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and Zech, 1996; Schuppli et al., 1983). —fil N, HIFEEIALE ALY
MZE T AN, ToE B T RS S A TG s B A
WMEHBESENY) CEYSSEEE)  (Wuetal, 2016; Wu et al., 2017).

AR A N R B VRV MR W R TR B 5 2 AR S & A LBk 1R
(Zhao et al., 2016). A 3 Fi =, H— @RI F I BV AR 0I5 R G HLER 72
5% (Zhao et al., 2017b). 2 —FiJ5%E, FIRHANESHNBIIRR, WE ISR
WA NS BRI E S A RN 4 A A MUK & & (Wagai et al, 2013). 2
=P B SR EGRSRES ISR R A UK, X R A R VA R
Vot R A HUB U AR, RS A LA AR, 3 T AR R £ RT 8 R
RPN PTESS, A T IEIX—H B, Wagaiand Mayer (2007) FF& | —Ff
ToMURRAS, B B i — AR R A 25 I L 33 v AR SG R 1. BRARTE — WEIR IR
A BT BRI S5 1 284K (PinheiroDick and Schwertmann, 1996), {H7EIX
Se SRR AE R I (WIS A s HBITE I — BRIR 2R A F2 A H
X B PR R k7 VAR B B nT SR BB MRS T — P TE 1 iE R bt
AL FE b B vE ML 25 & 218 2R S A I v I PE A HLBK (Wagai and
Mayer, 2007). M2 —FOBIZERG), HTBRAMNERE, HTREER
A E AR AL (Heckman et al., 2018; Ross et al., 1985).

BB IE R VI L E B 5 S A A MU 2 S Tt F e
+IFH -G HUFREREE (Fox et al., 2017; Gabriel et al., 2018; Heckman et al., 2018).
e 8 L S R AU IR AR I YRS, WIS T AN RES 50 )
IAEHL GRIGFNE R, 2007), H & T w4 (e 1 - 38 i AR B VER 5307
A HUAR FLAE R IR R WARGE

1.5. FREX

REHTANUTE T X R A A R T T ER 4 R IR 2 v vk pH 2514 R
ff11-3% (Hassink etal., 1997; Schulten and Leinweber, 1999; Shang and Tiessen, 1998).
BPE 3 (pH>7) KR &R - IEHEIRA 12% (FAO, 1996), —HAZEM. R
#5 FAO (1996) M4 A1 Batjes (1996) IS5 RITH, AEROEME T IEH A YLK &
N 81 Pg, HAERTIEAHII SRR 5%. Bk, &2 T e HiEha L E
iR, KZHpoRE rmit 3% h Na S 855 (Nelson et al., 1999; Nelson et

9
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al., 1998; Peinemann et al., 2005), R A/DEHE T K F| Ca & BEH &1 1%
(Clough and Skjemstad, 2000). 2% /=545 T 3A MG LRAF HORA DI LI i AN 42

H1T SOM 7> T M &R YR 2 FE0E, A HLSORA7 7 L350 M) 3 1H AT RE
Z 15 For iR . DOM /& BV 2 it /K RH LA FH RN 205 45 4 T R /N2 2H R
(F1, MRS KT DOM 43T [ 5> F 8] J18F, DOM 43 [al f)
P I REWIRE (L etal., 2016). S5H PR MESRAMIIBR M T4y GEF
SEHUK TR S B AL TR S LG, T BE SR AR
DOM A 1EEHHAFAE, T3 DOM 4374018 (Kaiser and Guggenberger,
2000; Kaiser and Guggenberger, 2003). A WL Y E A& FITE AL T AEE— Mk
I 2, AHFI PR H R DB, (ARG NS A - A TLAE H
e IR HLUTR 2 TRIEEYE (Rowley etal., 2018). —LESCHRIFHE £, Ktk
FrE B, WsE BRI, T3 D an B, S 2 iR R B
Al REWE H I IR BB (Brodowski et al., 2007; Jin and Zimmerman, 2010;
Miltner et al., 2012; Scheel et al., 2008; Schurig et al., 2013; Spielvogel et al., 2008).
WHPFREY, —LSiEET YRE, W Al. Fe i, 7TAES HERE A1 H AL
Py Clna 5T AR5 R A A EY)) AR R B A O (Heckman etal., 2013;
Kogel-Knabner et al., 2008; Xiao et al., 2015). Coward et al. (2018a) BT EH,
FLARA PR A, S T PR O A A ROR I 3R A 53 T 45 o P88 S v PO
FE5RWIR DOM 255 . SR, ARDH T TER N AW S 5 L g b
TETERE MR (Rowley et al., 2018).

ST IO 9 S X S 3 K A AU R, AR EENURE
HoE SRetk o A K LA WS e T[RRI
Ny BoOKAE & BEh o7 & & 8L, AU AKYE SRR EARSE . ATt
— DA CAE AT K A WUSURF R TR R SR TR A L — 0 TR B 5 L e WL
FE LI IR APIRES

AN A A LT AE 138 R AT 5 N IAT AW A0 5 338 o ™ 4 LA SE P L i A
S5 AT G T IR A D AR i o DR L 224 3K A28 SR AP AT WL BT PRI P 2 A 3 fE 25 Bk
J&, 524G WA HUR AR DUBEG &S 138 5 H MR ORAT A R )4 Ca
W0 S AL, R T LR W0k v L 3 AL OR A 6 TR 1 AT
5, ORER TN, s g b o A L R A SN R 50, {H Fe. Al
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e, AFARMHB RS, 78 LIEDAFETEAR Cay Fe MALE™Y), [F
I 00 R S B A A Lok A% B i Bl AT ML I & B, IR RO - B0 R 25 4 4
PTG, RRAEILREUR A HUBR DL B TR IVE T, DUIER T 5 A B4
FHSRIBR AT LT A1 R ALE
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FTE RN

FE WMIREHR

W SRR 5 A2 AR IS rp — FOBURE A M R OO, DA n AR (R H R e Bk
SrOMLERL TGRS P BT S50 R 0 3 [ 4 R — S SR B I R A L 40 (R U S ) )
NEEARFHE, TER T MEss RAESIEL Clel@ss, 2005b; #H1E, 1990). &k
oL VDU SRRSO E PR ARSI X (R 1ESE, 2005D).

o 5] 78 i e TR [X 3 A R B K B IR #h0% 1 tH B X, Z X AR A R
JIR, WEARFEMESS, o5 KA. AR MR LRI R, &
WORFES R, ROMERIIR, 347N (Jef#4s, 2005b). H [ 75w i
RE DX I AT A A P08, DA FIZ X 3R OO S R 5300 48 g, B 4 v
WRFTIAR o5 448 LI TIAR Y 73.6%, 48 95%IME (1) AWEHiEsAn, J& T
RIS X, I ORI FRE A3, 4 B AR R K. 5%
7 PRI BAERENEG ORI, 2014). FEAL I R A AN e
HTRE DX A SR B RO R BRI . B e T RHE L, KBk, TR
VRSl 7 B S T DX ROl P A SR AR DR B R R T AT
W AR F RO B, XIS 7, G E: FEIRE T R IX
S B SR A ER SR AT AL R R OC R IX (R T L5, 2014), A1 BALAE %
YR AR5 2R DA B X 3K it i B b R S AU (SOMD &5 & P AIG, 0 4= BRBRAG 1
FOBRMC S A A EE L

SN AL T [ P R TR AR S R O, A 2R, LR
Kb 78 g AR PR 1, ¥4k 1900 m PA_E RIS Hb X 8 Tt vy, 2Rk
PARIEAIERIE, TPIRIEIR 800~1400 m J&IR AT, KE A KM, K
Hu X IR 700~500 m JBAR AT, A H 403, XUl T o R St
FFIXOE R B A e M L8, ARk, B, AN KR . B
TR A SN RS AN 17.5%, &SN A UK T e 5 — Rk 3,
NI M T2, IFAKLWEERET . REEHE & A KR T YR
B, BRIR A IS AT LRI T ZE RS Si02 Fl RaOs SRRV & =A%, —
FEAE 1-3%2 18], H S WMy (CaO 1 MgO) 1R, 1 em L2 — B FHH
1.3~3.2 734 (MER TS 58, 1999) o Hof K - i SRR Ay e 148 | 258
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THEAESE, B KIRE, AREHImIAREN A-B-C =, RE A A
FEITZEBONA R, AR B BERERE, T C ARRE, &EZREAE—
Yot PR B (RAEEAE, 2005b) . T A1 2K A HL X 2 ST H PR I )2 B (R
Bz C EER), RIBES 5 I S R S RS, 2005b).

W U1 IX 3 g 77 B ) A 5 W) R A A VA ) R o W TR A T R ITE : M
RALA. DI AR IR OufEss, 2002; ES%, 2005b). Hit
R RS RA B AT, BRI TR R, P EE R A R
BE, HEERAZRARMN fds%, 2002; JefE%%, 2005b). B R FE 2
W Ry L R GE NN TR R T AR DR B IR B I (R BE AR, fEIXAN T AR
H T — Se R FRAE AR AE, RIS R B A s, PRI A 7 md i
B B B R AARBIL K (75 £0HM, 2006) o AR 325 47 % T AR E gt T A
BB RN AR, SRR, BRI RRIE S N T0 B A AL TR TE AT
. BEAEA. RO AL ARORE B (BT, 2002).

[ A Ah 2 A B BT KT 3. ARSI BRI A B IR AR S
THT XS 8 SR A VAL T R B A AR HEAT T FE (R BH S, 2003; I fd%%, 2006;
HEFE 46, 2004; (5T, 2006; FR4EiRFIASC3E, 2000; BAHEKSE, 2006), AN
Wi ST ARF A VAN SR X 3 1 AR S R0 N S B 3 [ A L a e LR AL (FRER,
2006; FHiFLAE, 2003; HFHAE, 2006; T S, 2009), iS5 M5 PR AR Ak
AR, NG LI R FH A Pod A Ak 1 B B2 R Bl R (2= BH £ 5%, 2004b;
T, 2002). ZEHGFRSE (2003)48H, A S XA ARG RENLR, 4
IRk X SRR A 0 A1 A B B A A . BV R (2006) F8 HE AR N 775 1% ks
AR AR T, ML R R R AR R i EE . M S (2009)
5 HH b3 DR -t R 0 BT A R 06 A b R A VA B R A L
FARGEA N R A B BEAGAE R [ M5 30 2% 1 D s 1, N Rl DA i R 4R
AR o H 2 N TR AT DA A AR, A BT A 0 A AR FE VA T
DAAE 2 A1 AL HER R S0t A A I 5, DR L Hh N S0 Bl ox A b S IR Bl R
¥, RN R E AR REZ A BAAE R, XSG 0 TRE X AR A R N
HE,

AT AN IR A A 08 = Bl T AR L LR (B 4R4%, 2003), A

VR EAR (FFHEEEE, 2004a; 25FHER5E, 2006b), 1% A2 W W RRRE 8 Hb 5 P05 1 5
14



FTE RN

(K1 B0 RS A Ao AR v AR A PR B AR A IO BIE 7 A SV ARSI L A
FERIHAS . IR R AR T (FEPHLEAE, 2004c; X754, 2006; i, 2002;
WARE R AR I 8B, 1999; MiFE K45, 2002). ARk & AR R FE i A 57 e s 2 ™ 2 1)
HERAG AR, R A IR R (LA, 2006a; 25BH AR, 2003).
222 (2011) A Mg B 3 A B R, 2 P 5 W TR AN T K R R v
REABEA I FE R SR ARIRAT, o 3B AT W O A A FE R B 5 T, 3t
Ji 5 S5 I ZE AR A R K R I 1 — AN AR R R IR T
TG TR A ST LI T B AT (SR, 2005a; 453 BRAE, 1983; BORZE M)A
Z£,1988), (HURTE LR A R S L 398 7 S V70 07 T (R FU AR R e /b O
25 2005a; Jefi#ZE, 2002; Juf#ZE, 2003).

TIEA MR (SOM) & i B ZEAH oy, R W 5 s & b,
(E - 39 B SRS S BRAE D, 9 dnoHs - 3 R &5 BRI B A (Tobiasova,
2011), JERLTIEILIRLEH (Jastrow, 1996), &wm TIBIE R TR
DM BRI FER A K B A BB BA AT THARAE, 1) RIS B850,
KEZLE 10%LA E, FREefy T2 A2 1A K+ SOM & & =ik 80~100 gkg!,
H T 100 gkg™! (AL, 2006), & T FXEAEIEMLIE (Ma et al., 2015);
2) JEFERRES SR (7L, 2006).
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£=F MHE5HZ%
3.1. FEAREE

PESORIH (LD KB 2R SO, Sl Tifa g R 5 A K+, Rk
=JZ, AoJZ (LJAo, 0-10cm). A 2 (LJA, 10-50 cm) H1 B JZ (50-60 cm).
R (LT K H 2P R R R e L iy LT, 30k 7 B, 3t
KAEPZ T3, 5518 Ao (LTAo, 0-10 cm) 1 A JZ (LTA, 10-12 cm). %5 H
KA (LMD HITHER B % 20 R AR ORI i, HIRE RO B AR, #%
WPt HR R, HRE36em NI 3 Z, 7385 —E (LM1, 0-12cm). 3
T2 (IM2, 12-24 ecm) FIZE =2 (LM3, 24-36 cm). 734 LLER BH T AR IR ARAR 2>
e E%E (Y, 0-12 cm) PARB T #ARIE (B, 0-12 cm) [ 12 IR RAEA K
TR SR A A B LA 1

£
" e W L ‘1
E% =
(cs s
/o\/. 5
n3 L AN
e Wwi=o .
7z
-/.
BE (o
HI‘;;E o‘o.o.o.o.o.o’
' . omo . o o
m;/"j ﬂ]‘ﬂl . o o’
. o s e ﬁjfo Ko

1 S A DX 3 P BRA s oA o 2L

Figure 1 political map of guizhou province and sampling locations

17



I X S LIRS BT MR RSSAM BRI RATR

3.2. BSR4 M B RRHIE

3% pH {E M E K H7K L 1:5 B 2 min 55 E 30 min, FE5H pH i
D& VR pH. LIEMHE T2 E (CEC) W E K FH 26 H M 5 IR 47 =)
(Environmental Protection Agency, EPA) WFr#ETT{%. 13 Fe,03. ALOs P
CaO ZEH x $H£7 6631 (XRF, ARL Perform'X 4200, Thermo Fisher)
E, IERREELL (3. BSRIE R & 1. 200 LFERSANLER (TOC) Al
SE(N) B EE LRI R, 28048 T EHTR X (vario
MACRO; elementar) il RGEMIE . T EFEAM: FEE WK 1.

R 1 LIENFRANER
Table 1 The basic properties of soils
pH Fe203 [%] ALOs3 [%] CaO [%] TOC [%] N [%]

LJAo Nd 518 12.51 1.43 14.28 0.74
LIA  7.54 6.67 15.36 1.12 3.67 0.21
LB 7.64 7.19 15.51 0.87 2.66 0.16
LTAO  6.86 3.6 10.73 0.96 9.59 0.52
LTA  6.77 3.82 11.36 0.67 6.42 0.36
LML 6.67 6 14.16 2.16 3.12 0.34
LM2 6.9 5.8 14.41 225 2.26 0.25
LM3  6.88 6.2 14.65 237 1.92 0.22
B 571 7.16 14.16 0.50 231 0.26
Y 464 12.14 23.92 0.22 2.01 0.16

VE: Nd BERLFR, R
3.3. HIBRFIIRE

A B el kn, SR HUR I RAAAR KRR B 5 Py A 5%, =
XA Y MG IF LR R, 52 ERa LIRS VR T 5
W IRAFAT RN AS L —Ff, DRLMCR B SR O F A LB 3 P R 2
Yo, CURETSURS € A ILSTA 73 o X R AR SR E R AR B . AT TR R
TEZOU RS R 5, S5 B B Y A B /A B AR R, AR A

18
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R N B R AR W) T 1R AE AN T IR M 3% (Heckman et al., 2018) 2
fitl b, I A ETES T R E RS CRIEA A, 2007), A TTEEALK—
RN ERE NG A S LI R PR B A R T
W AR T B GUE BB Ve & 5 2 4 G A NURAEE— A, i
R8T SRR 25 B4 J VTSGR 6 8 — 350 20 B TSCA WL o SR T 38— 35043
PR RISy, AN RIS TV, AR 5y o 1 Sese BT A R
RN CFERERREARRSL) 1 pH 3UBUIG, X hid s 1 HRBGH 2 T g bt
A1) ) ol R T8 T 3 MR, AH BB T LB AR B AN I T3 BGRI T 3 80 11K
AL S A A HU S . B 7R, 75 pH < 4 B 52 B 3
TR 2 FFe AL — U R B R PR VA A S S, VAR T BRI 8 AL & ] e LL T 1
1K, oA 4 @A (5 FRonTo 8 BB AR WO AN i B BB ) BRI —
SRR TE VA R 5 7T e EHT e B BT (Coward et al., 2017; Wagai et al.,
2013). [AtL, B2 R 5 TSR BGR A HUBK AT REARAY T S5 AH R 45 A i
AW
PRIk, FRATTREL T SR BGRIEEUS P A S BV VU AT D 7R SR U VR R
PRIX— ). FAASKSE, FER—UARIUN ZBRIF )5, F S A i i R
LI, 19 3L BRI W S R BR A WU o (H T S AV VAR A AL
BAMUAUR 5 ZTESH WA LA WU, &) seaHE e e MLm a dlek, 3
ST - S SR P R A B 595, 5 R b A AR A A (R A B LB 2 R FE 2k
2, R A AN RO T A U & B S, K R R A NI, S
LR B HER IR A A LB IR FE IR, 5 — 0 B TR A P 0k 2% 1 — DR B A A
R R B 0 JE R TP B A LR (R4 FBE o SRR A T LAt el T S S A B
P& B UK R, AT 75 B 52 1 5 AR L AR 45 & A DL - B3R
M e e 1, BB
A. FREL RS 1.000 g T 208, JEFREL 6 LT bR 5L 50
B. KELS (W) [AIECE TN 20 mL ) milli Q 7K, Iz 5 TG
BN L, BL 120 rpm FI3EE T 25°C = T E % 20 h, 5.0 (8000 r/min,
8min), I LiEW, PRic NS | AURE S MAERE R 258, BABlGIEAT A BT,
AR il 0 B 2k SRR
C. THE (MC)  MEOLEFIAN MgCL W (1 mol/L, 25mL), Ili/&
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[ %8 1/2/3/4/5/6 ]

] _l K (IKiBEEE)
[ EiEmwW ][ FRvdW 2/3/4/5/6 ]
¢"§Lﬂ$f§€ (ATHR7SEE) SRk
A4 \ 4 v
| ki | | Hitamc 3/4/5/6 | | Btz dmc | [ This ][ W |
iﬁ:’iﬁﬁﬂﬁ (RFRE5. TEBERER) SE1kh
3 —+
[ﬁiﬁdHH 4/5/6] [ #iE3 dHH } [ R ] [L;‘r%ﬂ'%idMC]
TR (BN ATRE) FrY:
g y v
[ b isP ] [ RSP 5/6 ] [ 254 dSP ][ Bt ] [J:;‘%;‘f{‘sidHH]
ECTHREM (RBKE) | SRALH .
v v e
[ bitiesH | | ButidsHe | misasH | H# | [ EEigase |
SE1LIN

(7 | (Ewmase |

2 IRV R S SRR

Figure 2 Flow chart of sequential selective dissolution and extraction of soil minerals
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B HESHE

T ERAGEGHL L, LL 200 rpm AT 25 C=iR TFEY 2h, BO
(8000 r/min, 8 min), {RAF LI, M 25 mL &£ &5 /KIEHRITEE 1 K,
B0 BIES MgClL 3L E3EW & IF, 5 2 ZFEM LR £BR, 3
MEATAL B, AR S R 4k SR EL
A. SRO BEEEMMEAE (HH) [ &0 8 PN 3R 52 e i W
(0.25 mol/L, 30 mL), LA 200 rpm FJ#EE T 25 CEE FEH 2h, H
(8000 r/min, 8 min), TRAF LI, HIEE T 7K 15 mL IEBEILHE 2 K.
B0 G RIS SR IR FIE A IR, BB 3 AR AHERE Bk,
SROMCHEAT A B, AR i (R R 4k S8 E T T 4k S

B. AHLEEAGP) [AELEHIIN pH A 8.5 FIAEBFFRENA (0.1 mol/L,
30mL), MG AGESNLE, LL 200 rpm BT 25 CEIR T
B 2h, JUE 24h, F0 (8000 1/min, 5min), {RAFLIER, HEETF
K 15 mL WG BRITIE 2 K. B0 ISR S EBRMIEI SR EIE, &
4 AFE S SRR TR 22 B, BROMUBEAT AL B, LR I BRI 4k 4L

C. BB ANMEEEA(SH)  HE.LE PINNE AN (0.15 mol/L,
30 mL) V&, /K 85°C IR T HE 15 mi, &.L» (8000 r/min, Smin),
e BIEW, FHZEE /K 15 mLiGHRITE 2 IR B0 E HIEREE
TRERANFEI EIEWEIE, 28 5 AURE S ANHERE 25 B, Sl AT b 2

D. 5iER (R) A EFE, HAGH/NSHERFESNRER;

E. ®OIRECEBRBEAT FOMUAL B AR &, 0 NaOH ¥ (0.5 mol/L, 15 mL)
PRI, RAFE BB, FESEFI/K 15 mLIiGHRITE 2 K, BEokE BiE
W5 S A AN BRI

F. BT fERE S B OB AT, FRE LS.

IS TSR, AR BE SR AT A 2 43 5 /K TS R A e A A
R AR YIESEONE R, A RERES . A 0 RS ¥ i
FERRRENIE U A HLSE & 0085 SRR 5 & = W BR RS- B A A4k
YRHY) (Heckman et al., 2018; £XiFA1 F 175, 2007).
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3.4. FERaHT
34.1. £BBF (Ca. Fefl Al SE

BRI R B I B T A A KREA N, 2R Cay Fe.
Al EEE, KH HS0s-HNOs-H0, VR LA HUTR . THRD BN REL
S mL FIFRBOR TR RS, IIRERER | mL FURASER 2 mL, fEv[#sd) b
150° C Witk FerEd B RAEZL (BEARBMD; mEF AN 30%1 A
KSmL, REMBEK, BEEFERLESREIREG; SREaribE, H53)
FERARRIA R AR (BEEAE D BUF R, R RIR AR 50 mL
b, ER. HRIEBGITEIUN LR ZM IR, HAR AR B
B IR

Mg Ca BIARE SN 2 WA S, R R FIr 6eEETE (AAS, A
7 PinAAcle 900F, | 7 PerkinElmer) i€, f32IFEM Ca WKL, #Heb i tIigEH
[f) Ca WFZ LI R 5 438 Ca I 20 EE

Al I Fe & &R AHARE R 2 (0% . RO IR USRI 10 1 sk A v T
15 mL 30 F, 7K IRARE 3.0 mL; 0 0.3 mL AURERETR (1 mol/L);
LRV (100 g/L) 1.8 mL; ML RIAW 0.6 mL, BEA W SIS -IR 4k,
o E 5 R Ah-1T W 66 E i (Cary 300 UVVis, Agilent Technologies)
ATIIE, HBIFEMI Ca IR, MR IE GBS LI Feo ALIRFELLR (5
+HEEE Feo AlIEH L.

3.4.2. BHEK (OC) &&

FHE OC HIFEMILA ML, 55— MOVIRBURHIRIUE O 5 SRS H L0, 26
TAREOVIRBGHIREUS AR, BN NaOH VAR IS O Ja 3R13 /) L IE . XLk
JFRE C &, TEEATIESNMRE. FMRE RS AR TOC 2 (vario
TOC, Elementar) Jll5€, 15 %45 RS 158 b oA HUBR (9K 5 R B 25 iU
BRI -

22
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3.4.3. /B EBEBRFS T

FRATTII S0 B MR BEAT SO, RIS SB35 5 RI
I, JERLE T Ca’\ Fe¥ Rl APHAR, KINIXELS:JE B 1A 25 1 98 eIk
[

AR 5E 1) TOC WK, FE D670 b Z B, BT A A A ] milli Q /KA BE 2 5 mg/L.
B — AR LIS REASTE I 25°C "N F-4500 (Hitachi, Japan) #E{T%%¢
EEM Y63 704t . WORMUR SRR $346, YEE3424 200 ~ 600 nm, F#5[A]F 5 nm.
WORFI RS IR B8 58 FE ¥ B O 5 nm, F 3 A 150 € 9 2400 nm/min, 75 F1%L
A P 22 A B S I R Al K IR O FE B

WOR-RESRIEERE (BEMs) 586 Y61 RAEA ML 25 M I B 4 167 50 L VA
HAH X #4770 B (Fernandez-Romero etal., 2016). EEM A %123 g T AN X 35
(Chenetal.,2003). A [X (EX A 350~440nm, EM A 370~510 nm), FR/~H&E
5 B IR AR A ) B S KT AR B A A i K A T8, — O R 2R AR (1 7%
Jt; B X (EX 24 310~360 nm, EM Jy 370~450nm) A1 D [X (EX & 240~
270 nm, EM Jy 370~440 nm) UK E BIRWOL, B XFIIRGMEH, 77
TR, HEGAFREEM, FER R BRI R A SE, BRIL5E, D XR
INEERTE /N, EERCEFIEREE, WiREE: C X (EX N 240~270 nm, EM
N 300~350nm), NREFYE; M E X (EX A 270~310nm, EM A4 300~
350 nm), FREEFEFAD =M LA KI5 B8 AR . BT % 52 HGR & Ca®*. Fe®
I APTIRA 3 BRI, Rt Tk X3 T BT i i e AL

3.5. BuEaE

AU F A B A3 H origin 2018 4514 .
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ENE AREARESE. SMET D0 H
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NE AREAERSS. NETYIE

AXSN

4.1. ZERDNE BT WEES A

Bl 3 AR LB R AR RN Cay Fe Al AL &7 2 & S 7 38
Ca. Fe fll Al FJE AR . £ 2 RIEFEIEZGE AT 118 Ca WKL
(Cap) M3 38 Ca(Cap) NEH . XM Ca IBZFIRHGER, KB T/K (W)
PREUM Ca A/KIEAS (Caw), MIEMEE (MC) $REUT) Ca NAZIAR (Came),
ASHRAS AR S L IRR I BT UE G MER A1 Ca, AT BARRINAZ
PHUZ P B TR (RIFAEA, 2007). ERRZIEER (HHD 24 thig i
[T 1 mol/L B ER IR A, PR\ D9z I VR B R T ) 405 3 22 9 IRV A (Cann) o
FHEW K Ca W) BRIRES » P] BEA BUE BRIR #h B B IR IR 26 - SR IR Y (SP)
RICNENL AR (Casp)s

GEILREA,  JURPHREUGRBE A [T A5 R R B B 5 LS (Car) 1
ELIAAR, 20 BN 1.26~3.43 g/kg 2 7.47%~39.11%. XFH, T3 KE 01045
BT BEAEAE TR L b, T 30 4% e A S 56 mh R SR BG4 25 i . 343
RIS ST P EIRE & b Car IELGIFI B LR S, 45K, +3% Cauc M
Cann W I 385 Ca(Car) B ELH B 515 730 0.61~1.29 g/kg & 3.63%~15.19%
Al 0.45~1.82 glkg F& 2.64%~22.54%. Caw W% K Car WLLBIIRZ, 43 5H
0.11~0.28 glkg K 0.65%~5.21% . Casp W J& i Car W L] &%, 435N
0.06~0.08 g/kg }% 0.34%~1.62%. IX—45R Y5 (Rl and FHA,2007) B0 TR
Rl ES, (R and A, 2007) BFFELEREKY, HHLLEEE Ca (Casp)
WP KBRS Ca ) 2-4 fif . X HE SR LA K,

IR PEVER RIS FREAF 1) L4 Fe IRIE (Fep) KI5 LHEE Fe (Fer) &
BRE S LLESIRE . BT Fe 579 % Ca M LIPS Z S, RE R
HGRBRELE Fe R R R AR Ca (FEES . 5 Ca YA EARF,
TR AU T B B Fe W) (Fenn), WK™ (Cowardetal., 2017), #i
R 5 DL R AR B4R ) (Kramer and Chadwick, 2016). HEBEEZENIRELK Fe ™)
5 CaW¥—kE, NEHIGEZA Fe (Fesp), TE IV RRFR NI & B 1710
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Figure 3 Ca, Fe and Al concentrations (left) and their contributions to total metal in soil

Al Concentrations [g/kg]
-~

(right) through sequential selective dissolution.

f Fe ¥ (Fesn), IXTE Ca W ITEAPAMEE. WK 3 MEFETTLEH, JL
ol 55 A 42 B IR AN ) TR 25 Bk 1 MUK BB B i B8 Fer (M ELBIELIR, 400 K
18.22~29.67 g/kg J& 7.47%~39.11%. Fesp F1 Fesu E 3R IR FE K 15 Fer L1
B, WESS AN 13.09~6.05 g/kg F 58.96~73.26 g/kg, 153 Fer I H 40 Eb
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R 2 BYORPEIEREMEIRBONIEI A5 IRE (ghkg) Kb HIBEASHIELH] (%),

Table 2 The concentrations of Ca (g/kg) extracted by different extractants and their contributions to total Ca in soil (%) through sequential selective

dissolution.
W MC HH SP SH Total
Cay Caw/Car Camc  Camc/Car Capyn  Capn/Car Casp Cagp/Car Casy Casn/Car Catg  Carg/Car

LJAo 0.25 242 1.29 12.61 1.82 17.78 0.07 0.73 0.01 0.08 3.43 33.62
LIA  0.23 2.88 1.01 12.62 1.80 22.54 0.07 0.91 0.01 0.16 3.13 39.11
LB 0.14 2.21 0.84 13.48 0.87 14.02 0.08 1.24 0.02 0.25 1.94 31.20

LTAo 0.27 3.87 1.00 14.52 1.14 16.64 0.07 1.08 0.02 0.30 2.50 36.41
LTA 0.25 5.21 0.73 15.19 0.74 15.46 0.08 1.62 0.02 0.46 1.82 37.94
LM1 0.28 1.84 0.83 5.39 0.62 4.00 0.07 0.46 0.02 0.10 1.82 11.80
LM2  0.15 0.95 0.69 4.27 0.49 3.03 0.06 0.34 0.02 0.11 1.40 8.71
LM3  0.11 0.65 0.61 3.63 0.45 2.64 0.08 0.46 0.01 0.09 1.26 7.47
B 0.09 2.64 0.26 7.14 0.13 3.73 0.06 1.68 0.01 0.39 0.56 15.58

Y 0.16 10.07 0.23 14.94 0.06 3.65 0.06 3.89 0.01 0.59 0.52 33.13
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R 3 BYORPIERE MR BN ERIRE (ghkg) Kb H3BEERRTELH] (%),

Table 3 The concentrations of Fe (g/kg) extracted by different extractants and their contributions to total Fe in soil (%) through sequential selective

dissolution.
wW MC HH SP SH Total
Few Few/Fer Femc  Femc/Fer Fenn Fenn/Fer Fesp  Fesp/Fer Fesu  Fesu/Fer Fere  Fere/Fer

LJAo 0.02 0.05 0.02 0.07 1.42 3.92 11.33 31.25 9.19 25.34 21.98 60.63
LJA  0.01 0.01 0.00 0.01 1.72 3.69 12.89 27.62 14.51 31.07 29.14 62.40
LB 0.01 0.01 0.00 0.00 1.32 2.62 13.09 26.01 15.26 30.31 29.67 58.96
LTAo 0.01 0.04 0.01 0.06 2.14 8.50 6.05 24.01 10.00 39.69 18.22 72.29
LTA 0.01 0.03 0.02 0.09 2.36 8.82 6.81 25.46 10.39 38.87 19.59 73.26
LM1  0.00 0.01 0.01 0.02 3.72 8.85 9.68 23.04 13.58 32.34 26.99 64.26
LM2  0.00 0.01 0.01 0.02 3.61 8.90 11.46 28.22 13.56 33.40 28.64 70.55
LM3  0.04 0.09 0.00 0.00 3.36 7.74 12.28 28.30 13.36 30.78 29.04 66.91
B 0.00 0.01 0.00 0.00 5.82 11.61 13.27 26.48 14.10 28.13 33.19 66.23

Y 0.00 0.00 0.01 0.02 1.69 1.99 28.04 33.00 18.52 21.79 48.27 56.80
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R 4 BYORPIEREMZIRBONIEI IR E (ghkg) Kb HIBEARRTELS] (%),

Table 4 The concentrations of Al (g/kg) extracted by different extractants and their contributions to total Al in soil (%) through sequential selective

dissolution.
W MC HH SP SH Total
Alw  Alw/Alr Alvc  Almc/Alr Algn  Alan/Alr Alsp  Alsp/Alr Alsy  Alsg/Alr Altg  Alrg/Alr

LJAo  0.05 0.08 0.10 0.15 4.47 6.75 11.06 16.69 0.00 0.00 15.68 23.68
LIA  0.02 0.02 0.08 0.10 4.58 5.63 13.15 16.17 0.00 0.00 17.83 21.92
LJB 0.03 0.03 0.06 0.07 3.95 4.81 13.54 16.49 0.00 0.00 17.57 21.40
LTAo 0.04 0.06 0.04 0.06 3.85 6.79 3.90 6.86 0.00 0.00 7.83 13.78
LTA 0.03 0.04 0.05 0.08 3.91 6.51 4.66 7.75 0.00 0.00 8.65 14.38
LM1  0.01 0.02 0.07 0.09 2.53 3.37 6.87 9.16 0.00 0.00 9.48 12.65
LM2  0.01 0.01 0.04 0.06 2.65 3.47 8.80 11.54 0.00 0.00 11.50 15.08
LM3  0.01 0.01 0.05 0.07 3.00 3.87 9.53 12.28 0.00 0.00 12.58 16.22
B 0.01 0.01 0.06 0.09 2.08 2.78 7.77 10.37 0.00 0.00 9.93 13.24

Y 0.02 0.01 0.10 0.08 2.29 1.81 10.96 8.65 0.58 0.46 13.94 11.01
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WA 23.04%~31.25%F1 25.34%~39.69%, Fenn & 2 BAK, WA 5 Fer B 4t
3N 1.32~3.72 g/kg F 2.62%~8.90% . /KHEHL Fe( Few) ML EEHEHL Fe(Femc)
fE L A EAEE G,
BRI T3 ALIKRSE (Alp) JH 5 B3R AL S8 2 IR EL

T3 Al 5 Fe WYIFERASHEL, SHhERBREARBCN TR AN Al 1Y)

(Alun), /KA (Coward et al., 2017), PHEHA . HERREE DL SALERT 4
TIFH R MAR B K (Kramer and Chadwick, 2016). AEBERRENIEBUNH HLLE
A AT (Alsp), HEVARINRBONE: & RIFH ALFY) (Alsw). JURMR
HFAH2 B AN R A B 0 IR B I IS (AL I LB, 2 3
8.65~17.57 g/kg [ 12.65%~23.68%. 5 13% Fe ¥ & m2ML, KIZEL Al (Alw)
HEMNBIRBSSIRE Al (Alvme) FEWAR, Alsp WREE J (5 L3 Alr I LL Bl =, 47
AN 3.90~13.54 g/kg AN 6.86%~16.69%. FLIXK N Alun, IREAE Alr 1 EL51 5
AN 2.53~4.58 g/kg M 3.37%~6.79%%. {H A K T AR E — VA FRAAFE UK
A REASIN H 25 i RAF 10 AL (Alsw), TSI & /D2 Alsuo

4.2. /N

L. w85 A K L i BB A WO AR A SR R A o
K

TEREEGTYINENS SRR, TERRKN SRR
i

3. S KRG RS, AP &R e AR
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FHE ARTIAAESETYEENEINRNIERD T

SRR ML 7> (EOCE) N HRIUHR AT B B PR AL BRI WL AR 5
£ BT KSR A HUBR KA ML (EOCw) o KA HUZ 153 B T 49 3 i
AR F g R E R R LRR R, SO O B TE L) b, @I e AR T AE
S8 5 0] A KPR S5 H (Zsolnay, 2003). SR KEIUE FLR 21183 < 1% 1
SOM & i, BB AATE K2 B b3 A W b BR A 5 R b s — A R I 1 £
(Haynes, 2005) FIXTR )2 T 3E T SOM 155 FE FIFe e 4= BRI b 70U 5 H 5 2
BTk (Kalbitz and Kaiser, 2008; Kindler et al., 2011). AL B H2HUAIE WL (EOCme)
AN NI 5A WA 45 B I HUBK o SRR PR I H I A MLk (EOCHm) BN H %,
MR PR AR, DR IR HLIR AT ML T 0,5 0 1 s 5 s s B 2 3 R P 10 5
T B BRFR M 1 AT LA BRI 8 BB AR, 5 BRI PR SR BRI FLRE IR0 A ML A
BG5S T E RARER T WA R PG HLRR . FE B RRANVE BRI A ML (EOCsp)
NG, e, BREETENUT, SR I T R R AR E ERBE B T K AL P
) — PSSR TEAERBEEE G0, &R bl M # Loy
AR FA Z BT, TERANIEHE G GRIBAEHZ, 2007). MAERERRHAE
I WL T R LA PRV VE FH ANAE 4 I 4 5 0 R R BRI AT BILRRG 3K — 38 4343 WLBR
AR LB 2% (Wagai etal., 2013). % WA ERAN TR BUBSR A AL (EOCsn)
NG SR BT S A A PR

5.1. ARIERT WS RRBGIEFIR & BER 2

RS RREEETR L, SIREGNEMN) EOCE 76 148 Fh ik B DA K o 3 Sk
(OCO W H 7 A B 2R SR L, JUMHRBGRITR I EOCF # £ A1 (EOCTe)
W PE Ko o5 3 OCT I LU 20 0N 13.89~41.84 g/kg fb 29.29%~84.97% . B4 % W,
RN (SP) ¥R EOCrikE (EOCsp) K 53 OCr Itk & s, 433k
9.88~29.16 g/kg K 20.41%~67.88%, iX15 Coward et al. (2017)F1 Heckman et al,
(2018) FIBFFE— 50, AT i 7 it SR I MR, 2% I A Bl R oy 7 it
JE R IR Bt e - FLUCA BRI IE (EOCHn) FE —WRRIREN (EOCsw), W4y
BN 1.48~5.25 glkg M 1.88~5.58 g/kg, 5 L IE S AN E o BN
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3.67%~8.83%AM 2.90%~11.18%, #HIGHETH BEOCk Hifk B i Ik 1 A 7K B A BEOCr
4y (EOCw) MBS BN EOCr 44 (EOCwmc), WFE4 A
0.20~1.12 g/kg J% 0.18~0.74 g/kg, 5 IS H YL E 43 LLar 318 0.57%~1.31%
A1 0.47%~0.98% .
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Figure 4 The concentrations of extractant-soluble organic carbon fractions (EOCF) (left)
and their contributions to total organic carbon (OCr) in soil (right) through sequential

selective dissolution of limestone soils.

SRR 42 8 B T B S5 ORI EOCE 4o &b AT 40 HT, SR EoR, 735
5K S AZ W55 5 ) EOCw & EOCwmce M 1 2 o 3% OCr T EL IR /N,
HR KV J A8 BB 0 L 3G LB R AR AE 85/ o OCim 7E 38 P (K ORAT 5 RV 45
TorE Bk K o e BUAR (/K™ (Coward et al., 2018b)) LA ERI4EH Y (40
IKEREA (Gustafsson et al., 1999; Kaiser and Guggenberger, 2007a)) 3¢, HiHRiX
PRI ) f5 B EOCE 4190 75 /N L IRAT HUBR ) 10%, diz /TR R
BNFREUR AT HLBR EOCsp, 1X 5 Coward etal. (2017) FIBFF—30. BRER E: X+
AT LTI ORAEAE F 5k 9 T B FEBITE S o TR B Ik A B TR 3 oy 4% 7T PR AIG
2~50 nm KLAE ISR FLBR A, R B BEAIR 1 70 e 8 Heale ik L SR A 7Y PO A LR PRI AL
4> (Falsone et al., 2010). Thomas et al. (1993) F 23l & A AN [E) B AR £ 2%
WAHUE GEEIK SRR AT AL, 45 KW, Jrfdf . A=A RS2 M b %
MERENEY), HhaiERg. B WL, B, 1. ZILmmmnt
WEREY . B TEH 1Y), HhERFRMIE nTHE IO & RS AR ) 1X PR
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£ 5 BREFENEBEIRBGIEANLRA 7> (BEOCe) WKIE (gkg) Kb HI|EAHIK (OCr) HILLH] (%),
Table 5 The concentrations of extractant-soluble organic carbon fractions (EOCF, g/kg) extracted by extractants and their contributions to total

organic carbon in soil (OCt, %) through sequential selective dissolution.

W MC HH SP SH Total
EOCw  EOCw/OCr EOCmc  EOCwmc/OCr EOCun  EOCun/OCr EOCsp  EOCsp/OCr EOCsu  EOCsn/OCr EOCre  OCre/OCr
LJAo 1.12 0.79 0.74 0.52 5.25 3.67 29.16 20.41 5.58 3.90 41.84 29.29
LJIA 0.22 0.60 0.34 0.92 3.24 8.83 15.03 40.93 2.10 5.72 20.93 57.01
LJB 0.23 0.88 0.26 0.97 2.15 8.07 18.07 67.88 1.91 7.17 22.62 84.97
LTAo 0.55 0.57 0.45 0.47 4.64 4.83 23.30 24.29 2.78 2.90 31.72 33.07
LTA 0.51 0.80 0.40 0.63 4.73 7.36 22.70 35.37 2.49 3.88 30.84 48.04
LM1 0.41 1.31 0.31 0.98 242 7.76 14.20 45.49 2.04 6.53 19.37 62.06
LM2 0.27 1.18 0.21 0.95 1.77 7.83 12.32 54.57 1.88 8.32 16.44 72.86
LM3 0.20 1.03 0.18 0.93 1.48 7.72 9.88 51.40 2.15 11.18 13.89 72.26
B 0.21 0.91 0.30 1.30 4.23 18.33 13.19 57.13 2.05 8.87 19.98 86.54
Y 0.18 0.88 0.25 1.26 2.33 11.57 7.15 3547 2.07 10.28 11.98 59.46
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YIRHA HUR I O/ AF &80T TR BRI, X PR Yl aefiise TR0 (n
RIS A AT S5a A HE CHHEAER (Khomo et al., 2017; Trumbore, 2000), 7E
2 BB IR AE Yt — 20 70 iR (Kleber et al., 2015; Kogel-Knabner et al., 2008). &
& BV AR e i W B AL T IE RS 2 SOM (Kaiser et al., 1997).

FEFIRANSE U I EOCr 414> (EOCsp) & (B 4) X5 Cowardetal.
(2017) [T — 30 FEBERENSEIN L BRI 4 3 B A ML & A IR 8RI0E™ 4,
RS BN G AT Y, RIE NS A BRSNS 8 ISR 45 A0 E PR
Rt A BB R o X—HF R 5 e F s — 5, BB e R L)
HHLBE (EOCsp) E ¢ (Heckman et al., 2018). 4 FEMRRINABUE L1, 7
W) — A e i AR E AR RSB HL- SRS &7 UL R e R & )
(Kaiser and Zech, 1996), HTIRATRAZESLZE G, 00w MEeEy vd
20 FH SRR I R b 25, BRI, FRATTIA R 90 Hh AR o R A S L 25 B ()
G RTCE BRI, KRE D AA LGS RS R . (EK T AR
PEICA HU I D2 BRALERATI A B A, H A1 09 77 150325 X 4338 1o FR v 4 FH AN B 1
FEUIA PR (Kaiser and Zech, 1996; Pansu and Gautheyrou, 2006). R, ik
FERF IR DOC & &5 5 m It — 3040 T DR T R A BRAE A s — 2
AL AT

P& AR EREN (SHD $-BUWH Y108 &6 84 RAF IR 4, BIansr ke, 7k
B ZKERE 4 R DOM. IR Bt (9T 7245 1 £, Kaiser and Guggenberger
(2007b) BFFCINA, EHEE TR DOM & AR IEREER, e R A LR K
FEBARMITEDL T, A WU S0 S A AN 2 i i B B B B8, ATk R i OM
WEERR I IEOL T, AN AR B« AR TR, R TR R
HUH) S B R (Fesu A1 Als) &5 155 dn L ERAEAT ) (Fenn 1 Alun),
{ELRE B % 0 AR AN SR BUR I A WL (EOCsn) & S 31 (K T h R 2 e L
BT A MU (EOChr) FEEBERRENTE BRI A Wbk (EOCsp)o & — LI RN
VAR W 3 v ) i BRI R TS A LB P R BB T — R4 1 S BB
1B TENREE, FEZH pH HIUETT (Cowardetal., 2017). #H LA AKI 7
HICAT S e A SR AR L. (A9 G R R ' FLRRD T HL 5y pHL AT SR GOR IR, 1
i PP EREIER RS ¥ DOC =&, MRERTE pH IKZ) OM Wt 21| Fe 41K 5

#i_E—#F (Tombacz et al., 2004; Vindedahl et al., 2016).
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5.2. NAERY WS A RBAFHIRAL (AOCH) HFEB R

B, BRI UM R K& ¥ Cay Fe A1 AL 1OA ), {RIEIEETA
(1o n] 0, 3R EGRSE S SR G UK T B AN e AR AR R W0 45 & (96 HLBK
43, TR A I L 4 Jam A 5 AR S R TSP 948 2 LRI ZE V5 A i T Rl B 0 B
WeBft (Coward etal., 2017; Wagai et al., 2013). 3% 70%LL_E AN A JE G5,
BFEHBIR (HA). & BRI (FA) FEBE (HM). XEEHEE, K 1 FA fE4F
fi] pH 2518 F39¥E K40, HM TEARFPRES FIAETIK, 1M HA RV TibEs
W WSIRIGIFLRI OC Wik E, RAEBIRM (pH A 8.5) $RIIH
BB S B, FORIEIGIIR IS BEIIUN OC MEIMKT 5 gkg (Kl 4, & 5).
B T EEBERRAN, HESRIGIN pH e ORREMED BN GhRRFRA
AR ER B, IX I B T SRR B AN g g ) DR 4 A LB . TR,
L — 2 [ SR IR LR U] EOCE AT RE/™ B Al 5 MM #4541 OC & &,

AT PRI SR BB G 2% Bk g S5 LR O AR ORI Y )5 A Bk
IR R, R — G B BRRE W5, 43 50l FH 5 1) S S A AN T 25 SR B S
A A HUR A Sl — i 5 (Y 3.3) JE AR RBRERT YR R
B B MR 7> (AOCe), LALHFF 7T 2 B — %8 TR A W40 J5 B B ALK (1R T
(/R

AOCk IR E R ILAE LT R4k (£ 6, B 5) 5 EOCr fAER#E %
o JURMREGRIREL AOCr fIEA (AOCTe) ¥RIE K &5+ OCr (L1451 A
9.41~28.34 g/kg [ 19.26%~54.81%. #hIRFENE Z:Pbr T IR ERIEES . Jo B A
B G RIS BRE  (AOCh) [IREE 2 OCT [ H 7 Ho 2 3 i T e iR S
Z2BRAH R JE R TR IR A LR ZE 7, ARae 328 o T A S 3R BRIV A B 2H 45
(% 5, B 4, SHAKIBERH L TCE BRFNEET V0% G AT ORAE ) B 22
TEH, B 5ZAMHBEAERANTCE 2 ARG LR, SIE T aT A, 48
FHARETI) OM 7LV i o W] e ST DTVE BUECHT B (Coward et al., 2017; Wagai et
al., 2013). HHEH W) L5 ERBIIIE AR AL, R A LB A M4
EARET YERIR AOCse BIFANEy, FLA Ll L IRATNLAE & AT 5E i
FRPRE TSR AR T A0 Y R A (R R B ) 25 B 5 R TSP AR F Lo B S8 A WL I L
Wl A WL G A G B Y EBR SRR AOCse, T BEERIE — IR
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K 6 BYULEFNEEAREAS HIIE A VLA 5 (AOCe) WA (ghkg) Kb HIELAHEE (OCr HIEE] (%),
Table 6 The concentrations of alkali soluble organic carbon fractions (AOCF, g/kg) and their contributions to total organic carbon in soil (OCr, %)

by sequential selective dissolution.

MC HH SP SH Total
AOCmc AOCmc/OCr AOCun  AOChH/OCr AOCsp  AOCsp/OCr AOCsu  AOCsn/OCr AOCgr AOCEg1/OCr

LJAO 9.01 6.31 14.74 10.32 0.75 0.52 3.84 2.70 28.34 19.85
LJIA 2.35 6.40 6.14 16.72 4.70 12.81 2.74 7.45 15.92 43.38
LJB 0.49 1.85 7.42 27.86 4.07 15.30 1.30 4.87 13.28 49.89
LTAo 0.41 0.43 11.17 11.64 3.28 3.42 3.61 3.77 18.47 19.26
LTA 1.35 2.11 8.20 12.77 5.07 7.89 1.22 1.90 15.84 24.67
LM1 0.03 0.09 6.05 19.38 1.76 5.65 1.57 5.04 941 30.16
LM2 1.99 8.83 2.87 12.71 2.01 8.92 2.68 11.87 9.55 42.33
LM3 0.95 4.92 4.78 24.88 1.23 6.40 3.58 18.61 10.54 54.81

B 0.04 0.19 3.15 13.65 4.29 18.60 1.98 8.57 9.47 41.00

Y 0.17 0.85 1.31 6.52 0.02 0.09 2.15 10.66 3.65 18.12
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Figure 5 The concentrations of alkali soluble humus carbon fractions (AOCF, left) and
their contributions to total organic carbon in soils (OCr, right) by sequential selective

dissolution.

5.3. ANFEERT YIS R A AU KA A HLR 0 fRAF R

N1 BRI A R YA MR 456 fE T, FRATTR FE SR BRI £ 25 B
R & S A 400 J R TS P T SR B ML ZE 4> (BOCe, AOCe) 554 )@ B 1 1Y
JRFiE L (EOCF/(Cat+FetAl)r K AOCr/(Ca+Fet+Al)r, mol/mol) KF RN )
TRAEA NI (R 7, B 6,

5.3.1. PAEEYT YR SEBHAEF PG RAFIF

AKX EOCE PRAE R IR & T WIS KIS (Caw) RANAEE
[¥] Fe 1 AL (Fesp Al Alsp)o BUTHICLEIRE], FEBERRNEFRIOY P28 - 2
NAWLEE & SYAEH ), (HRF 5 H BOCsp I REA B LA FEAT HLAE & S ML, 7T
REIEELARHRIARS, Bk, XA IR AU AT RE S il T A HLAS &35 Fel Al
T3 HUR IRAEfE /1 (Kaiser and Zech, 1996; Pansu and Gautheyrou, 2006).
RIS EOCr/(CatFetAlr HE R, RUIBIRES AL E R Fe M AL 5 1%t
ANUT AR RO, (EBIRI2, 9 1 FBIEAREX /3 A0EE EOChn Mk
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FRESORAT, TBLE BEOCHn NG E BB AR I IRAF o

R 7 AFETYIRHRBGIEG AR (EOCe) FIBREA AR (AOCE) HIRAF R
Table 7 The preservation efficiencies of minerals to extractant-soluble organic carbon

(EOC¥) and alkali soluble organic carbon (AOCF). (unit: mol/mol)

EOCF AOCk

w MC HH SP SH w MC HH SP SH

LJAo I1.1I 169 1.85 396 2.3 - 2064 519 0.10 1.95
LJA 279 100 1.10 174 0.67 -- 692 2.08 0.54 0.88
LJB 429 094 094 204 0.58 - 1.79 323 046 040
LTAo 560 143 184 7.64 1.29 -- 129 444 1.08 1.68
LTA 584 165 192 639 1.12 -- 555 332 143 0.55
LM1 443 1.08 1.15 276 0.70 -- 0.10 2.87 034 0.54
LM2 530 094 084 193 0.65 - 877 137 032 092
LM3 437 086 0.68 143 0.75 -- 457 219 018 1.25
B1 622 286 191 209 0.68 -- 041 142 0.68 0.65
Y1 3.4 219 1.67 066 049 -- 147 094 0.00 0.51

e 75508 EOCR/(Ca+Fe+Alr 1 AOCE/(Cat+FetAl)r.
—: A R

SR EBR A AT, R 7 M 6 Xt DOC KRR 53
PR 2 e B U 25 BRI R 3k DA% TE 2 B BR AR 0 S 7 A A LR PR AZ R A 2, 1568
A5 0 LB I PR AT A B AT A B B 7 SO0 T A e A1 LI LB (SOC)
WEZ MR R AR 2, —BIAAEIIEMIGK R (Bertrand et al., 2007,
Clough and Skjemstad, 2000; Gaiffe et al., 1984; Oades, 1988; Paul et al., 2003; Shang
and Tiessen, 2003). SCUG == EFRMWERH, FFHRABEPZIHIKEZS SOC 2 H1R %k
(Minick et al., 2017). J&%4L (Clough and Skjemstad, 2000) LA Kz COz MR A
(Minick et al., 2017; Whittinghill and Hobbie, 2012) fJ[&{%% 5%, Yuan et al. (1967)
W, A5 SOC Z IR 1EAH 9<% 22 AT F ] BRI AF I SR MERE, X109 SOC k&
P38 0 2 36 0 IR R BHES 7 AC#: B8 /7 (CEC). von Lutzow et al. (2006) HF 42
W, A SOC Z I MK REE SR RIASH4T 3= Bl ik 55 41 B AH B4 H
521 SOC
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Figure 6 The preservation efficiencies of minerals to extractant-soluble organic carbons

and alkali-soluble humus carbons (AOCF).

5.3.2. PIASEY YRIEF DB RIFHF

SACBRIA T 25 R 12 T3S 45 (Came), WEALRW, 28450 45 7K 1 AOC
FIRAT R A o o WA LR AR AT 25 R A s (R IR A Ak R 2 e 2 EDURR 3L 1 kR 5
MBI, Y. GBI EE Fe Ml AL 4% AOCr FIFRAE 3R IR .

H IR R BAR R IR A LT B e KPR RE o, 532 BGRIFEAEH) C:Fe K
B K BE R EL# & 1.0 (Lalonde et al., 2012; Wagai and Mayer, 2007; Wagai et al., 2013).
AN BB G AT P AR A . & S AN, BARSM CFe
{8 (>1) (Higashi, 1983; Wagai etal.,2013). AT AN Fe 4, &4 Al
M Ca iy, Hk C:(FetAl+Ca)fI LA Mzt /N 1. BT BRA ML &AW
PASKIER 4, Wi e MG MR B A LR (AOCe) R A7 R AE
0.58~2.83 2], H—f EEFMRAHIRAIRIZZERT TE, W Ao JZH A
JEREURISR U T () AOCE IR FTRE IR A ML, Tixd T RS, HTHKE &
F) S 3 B AR T B A B — B IR B AL R VR F o X T 18 R B0 JE R B AT
HUBK 38 #2545 DL S BRRR A5 TG i TR B 40 HSE IR U %6 1 1 2 5 T AOC,
F—UGEM,  S— BRI B JC R A 0 0 45 & A HLT
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54. /MR

1. S G AN £ ZNIE AL, KIETEA IR & D

2. WRIRER AN/ BT e RUBR AR . AT HLAS & SRR ) AL R WD R AF AT
RERAII, B FEBGHE A LK LU 43 LK -

3. AZHRASES IS AT WU I DR A7 R B =y, TR £ A/ BTE RE BLER AR P03 52
G AT WL ) DR AT R KT B

40



BARE ARTIEVRESRSET Y LR MBEHE

BANE  AREENBENRSRT Y LK 2R
6.1. NASEY WS & RREGIEEHBKE EEMs Ot &

AR LB G B VA AR R BRI FE E_FIE W EEMs 6t WL 7-8. H
TR GBI BAA TG, MiHEBGA A SR 35 19 EEMs 2960 . A,
FIEWFE K] EEMSs 2 JGRHE A R W A MU 761 5 8

MISEHRE b, 25 B F/KIREUR FIEW 0 B WA D IR 5, R RE,
XPUEAR IS — KR T BRREMYIIT, &H KERRIE (D %) stk (B
1) (Xiaoli et al., 2012)o X it HI -5 S MK IR EOCW I A &5 T % /N 72K
BRI, T EA KEPREEA G RIS IR B fe M &5 % T 7K.

SULBEIR R B D) IS B BB AR BGH A 2, B AR nVE A
YILLJe 55 & R . SACBRTEEL 22 R ) 2 R A8 A . X T RER A, A
ASHAS Ca I ARAFIIE HUBR T Re & A B2 T IS TAE I =4 . X 5 R0 NI 7L
RN —3k,  Baldock and Skjemstad (2000) Ay CaZHfiil [ T 5 1A= Wb ikt sl
P AR e . BRI A R LA HUT T R AR e S Ca B4R
B 5 A A 25 B (A WSS 20 B T A P B i o

SRR AR RIS VR s B RV 5, AT RS2 BN R pH 5
M o R RAR pH B 2 F#IK DOC 1756 (Xiaoli et al., 2012). (HFEE TR E1I3ET,
R BEIZ W TS AR, EOCr 431 2H it LA R 25 K4 1R AZ A mT R 2 B S L Y
JF[H . EEMs i on i — B BERRHE )y, SIERBGHERE LG, 23
BRAZ I HREL ) BB C BN B3, AR T —FMIRAE 5 /i E A Y. Lo
A bR A, HH SREU YIRS T Re L S BRIRES LA K TG B BBk AR ). IX 3R
B, X =280 T Re 5 A SRR I ORAEAG 0%, T RENBRIR W R 7E T 141 5%
PR RE Pl g, B AT RS 0 e R AR R LA T A5 DR . BT AHE AT
T KRS T8 A MU LUK A A E E N (Gonzalez-Perez et al.,
2007; Naafs and van Bergen, 2002; Nierop et al., 2005), NiX —Hl R IRML T 505,

FEBERRANIR I LIS TRE — /MEOR TR A W, X5 ERREGHIR AU -
TERRE AR eGSR EIE I A EATEE, HAeE 2 )H g, A A7
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Figure 7 Excitation - emission synchronous scanning fluorescence spectra of extracted supernatants by extractants by sequential selective

dissolution method of limestone soil profile in jiangyi, puding.
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Figure 8 Excitation - emission synchronous scanning fluorescence spectra of extracted supernatants by extractants by sequential selective

dissolution method of limestone soil profile in tianlong mountain, puding.
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Figure 9 Excitation - emission synchronous scanning fluorescence spectra of extracted supernatants by extractants by sequential selective

dissolution method of limestone soil profile in libo, maolan.
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TRBAAL, HIEM . BB T H AW 2 A A BRI AE R K, X
LRV RS o TR R ILEE, SRR EIHBIRSS M AR IR (Xiaoli et
al., 2012). FEBEFRREATREL 2 BRI R AN E WL &SNS, ERR L
W BB A WERGRULE, S5ANEEE Fe M AL B WIAHES & A HLERIR AT 2
GRS & R G Y EGR EEAKCE AR E R RR K A 52
FEXT R, FEBERRANTEI_EIFWR D g R g H 2 2k, XU EOCsp 1R
B BB /NG T RI U & B, B RS B N TR R IAAE
fE. XU, EOCsp A2 E SIS BIR A VLI & B Z, X— 55 Heckman
et al. (2018) MIBFFLZML, Heckman et al. (2018) FFH BN 1 4C X} AR FR A4
HUCRA WUBEAT S8 4, R I EE B RR AN B LG HUBRTE =Rl B R B b e e

3 AR R BRI BV SO R A, R AT L B W, RIRER A b
TR BRI o % BRI P  BER 45 R 45 1) Fe R Al
. U5 S AVET I Fe FIERET M4 & 1A HLSU AT Re e — SR A ML .

6.2. NASEN WSS RIIEH PR K EEMs Rt

BEBR VR R IE EIB A 26 G TE R B AU I 5 R AR
AN FRAEAL B RS M — B0 X ATRe S Semstit Ao, R SRS
AR S22 1 HERENLHIA WAL IR0, PTREHE o 1 1B SR B A7 Bl
B ) B SR ARPAE (R R A AR i ) bE B DL R AR 22 KRR R AR i R 5 D Pk
ANERE, AT Resm 7 oG AT o AR IE LI BRI A LIS ) — A — 80
R shERFE AR B BB A WEEONIIE, X — ml SR BURHR BN _EiS
[¥] EEMs % IR AR AN ] o S MRFE % 25 R 10 72 3 b BB IR 5« TE € BLRAN R ) o

XL B SRS L JoE ARAVERY AL S A LS A B A S B I R A ek
BER K 1R HA I -

6.3 SR AIE A HLBR K St HE 4

W HEFEEL (Fluorescence Index, FI) N & % (Ex) 7E 370 nm i}, &5 (Em)
7E 450 nm 1 520 nm &b %6 K I G RE SR E I LUE (McKnight etal., 2001), &R H
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Figure 10 Excitation - emission synchronous scanning fluorescence spectra of extracted supernatants by sodium hydroxide by sequential selective

dissolution method of limestone soil profile in jiangyi, puding.
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Figure 11 Excitation - emission synchronous scanning fluorescence spectra of extracted supernatants by sodium hydroxide by sequential selective

dissolution method of limestone soil profile in tianlong mountain, puding.
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Figure 12 Excitation - emission synchronous scanning fluorescence spectra of extracted supernatants by sodium hydroxide by sequential selective

dissolution method of limestone soil profile in Libo, Maolan.
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T-2RAE DOM - JE 5 T A AE M) R IE AR )R U5 (MeKnight et al., 2001; BREE
£,2010), FITE 1.4 BTN ZREAREZIE, 11 FI>1.9 YCHRMAEDR. REX
— ¥R HE R IX 0 KA LS R G DOM KRGS B AE YR, (H g 225k iz
HF LA HUR, T U PR A SR R, FLE S, S 3L
B ER R . 1B 13 5 SREGRIBREL I N A H 22 Bt P Ja S A R TS TR
() FI o0 A, BRI WAR 8. HHTHEHGRI LIS . BRFIER & IR
aeetk, BRI, RIS PO B AR b R ISR A LT R RFAE -
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Figure 13 The histograms of fluorescence indexes of the supernatants extracted by

extractants and subsequently extracted by sodium hydroxide solutions through

sequential selective dissolution method.

AT A FISERGH A MU 7 (EOCe) Z AR, SAEE L BRACHAS 5
PIRETE A LB (EOCmc) LA IE AR IR BN 25 Bk i Y R U OB AR W e BT
AW (EOCs) B FT AR S, 3K Ui WX P AT HLE AT BE A f2E W SR O R JEE A
Ko AU, AV B BT AU ALy IRy SR b S ot 52 T i s e A
25 fiy RIF IR LS IR A7, th T et T HOX IR W ORAF A LR 2 T2 ik
TEEYD, IR 5 o0 o A B3 1 55 41 Bl AR A i 384 LB D 36 — Al
SR AL 1L o AEBEIRINIEIEBR TR HLES 54 Fe A1 AL P Ja BRI AT B
B (EOCsp) [ FIME &K, BB 5ANIE&BBRMBT YL & AN
A IR LB . X FTRER B, A HLEE & ST 0 A LB R R A7 B B 3K
— AR A HLE & SR D IRAT -

R 8 BYEFE R MRATRIIGH S A A AL S U BRI 2t Ha AL
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Table 8 The fluorescence indexes of the supernatants extracted by extractants and
subsequently extracted by sodium hydroxide solutions through sequential selective

dissolution method.

EOCk AOCF

W MC HH SP SH dW dMC dHH dSP dSH

LJAo 142 168 133 087 1.38 1.26 125 124 159 1.59
LJA 160 1.66 161 099 1.76 145 141 1.01 138 1.51
LJB 162 175 0.66 092 1.77 136 1.25 122 153 1.64
LTAo 156 1.67 145 095 1.68 1.28 128 1.04 136 1.54
LTA 1.69 202 149 1.05 196 .22 120 1.13 142 1.27
LM1 195 151 151 099 184 1.50 1.45 138 148 1.54
LM2 194 167 168 090 1.97 1.50 1.31 134 1.65 1.46
LM3 1.68 235 166 098 1.52 1.53 1.50 1.19 1.57 1.62
B1 232 218 135 083 1.69 1.25 135 1.14 156 1.52

Y1 262 210 154 1.10 2.19 1.61 154 147 156 140

E: AFSARC A 15,

BRIEHE R HS 1 FL 20050 (B 13, R 8) R A KL LI R
BS AR WA G A DB E Y SO R SRR R E 2R . A KT
BB MG A BRI 0 E A7 B HSse 25 B di ) R4 B R RNART 40 i R
(¥ HSsu 1) FIF5 308 = T 308 HS 414y IX 0T A8 Ui DX B Al 9% HS B~ Y
55, PIREZ P 2 B0 M B Al B T AT U 2 O K HS A3 8 5 T 53X
PR D44 o TS0 5 B i ) R A BBk AR 40 i R TP HSsm 9 FI AR BN T
Hed sy . ZUWFHRAA K L S HAHN A S AT R A e & 2, Al
Re S0 YIS AFA K.

6.4. /pH

1. /K OC K& BRI & R .o

2. S Ca 4551 OC SH B & BN AERZEY T YILL ko7 & ARV,
X FI AR BCR W ) 228 AR B A EIAEE

3. 5. LM Fe/Al W WI45 A1 OC &R s & & 75 B A KR, HS
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EHRETENSSEG SR TR BRI .
4. ANLE G Fe/Al Y45 &1 OC & KERWIBIRYI; FIIEEER, OC #
TR S A TR B B AIKTTT HS AR W SO AR FE AL
5. il Fe ™55 1) OC N—FARFOCHNL; FI KW HS #e A oiAs (e

FER R o
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FLE ARTEFRGRIFIRET Y LN EER

TEHERITEER IR pH B, A K0 pH B GR Do 423 pH EM
R AR P IS, AN 6] 2240 B I T AN AATT R 0 T 25 3 BT MR AR € 1) 2
P, R Fe* Ail/alk AP435 4 Ca®" (Tipping, 2005). BT &EANBHE T # 5 AN
SOC ffasE HLEIAHIC R, ik, 38 pH (B840 n] BER2 I -804 53 56 HLIKk
YERIBIMLE] . 15 LI P 0A LB IR AF, Rowley etal. (2018) #&H— TS
AL BRI LIRS, AN AR Fe¥" DL MRS % &
(Kalbitz and Kaiser, 2008; Scheel et al., 2008), 5% k45 AP 45 A [ 2 At ]
REFEHI A NI IS E (Oades and Waters, 1991). [ 4% pH (30, Ca®> 2848
FERSRERA i, R SRER 22 R E 4 K B I I 9 BRI AL Ca? Wr 4%, B 5N I R 5R
ER R e E3EE PR (Kayler et al., 2011). FE% T3 pH {EiE—SHms| pH>
8.3, I MUENHe LABRIRES 10 U vE AT/ D Ui 8 Ca?*, B I BRERES /T AL
il k€ A HLAK (Lindsay, 1979).

fEIL, FATE XS = KA AR K EERES, R A KA
WU J@ A P DR AT LA S 43 TR IR IR L o

7.1. RV MBFEEHER

R, AR pHAE S TR KL, AR LA SRS YK E
B TAea K L CGRERMEIED (R 2, B 17, NEESET Y mEE,
AR L FRIRES (Cann) FIAZHREY (Camc) & B T/KIEES (Caw), 1M
PRIERRIRES (Camn) WREHBAR, X5 3EN pH EAA K, pH IRESH V) JCi%k LUK
BRASIEARAAAE . KL (Fes) SEM S T AL G (Fesp), M
ALY M S REE R T A%, R AEY% (Fenn) 8 K5 L%
SRR B BMR T Kt AR AR PR RS, Rl E LS
T (Alsp) DAREERE (Algn), MSIERAANL G0 E B, B8
SER B (Alsw) 7.
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Figure 14 Comparisons of Ca, Fe and Al concentrations (left) and their contributions to
total metal in soil (right) through sequential selective dissolution between limestone

soils and non-limestone soils.

7.2. NAESBRT VEEAIRSERESR

ERAFRE SRS R YR, BT RBGH A F LA YL H
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AR A Z MU 22 5 AN K o W9 28 33 8 S 9 ¥ T AR IR YK BOCsp 15 3% OCr
LBl R (35.37% ~ 57.13%), X —LBlHER B3 . HUCHIET AT
EOChn (7.36% ~18.33%), FHINIE T1%E AR H EOCsh (3.88% ~10.28%)-
LA FERGH LRI R B JIUES, X LT UE, AR IR LI 2,
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Figure 15 Comparation of concentrations of extractant-soluble and alkali-soluble
organic carbon fractions (EOCr and AOCY¥) (left) and their contributions to total organic
carbon (OCr) in soil (right) through sequential selective dissolution between limestone

soils and non-limestone soils.

LEBAFRRM SRS EET YR, ARBEHIERAE T (AOCr) KR
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B EESENR (OCr BATXIEE (B 16), KBAKEEIFA K 2 (6% R
B BAR B, BRIRESAN/ B E AR . AL S B LR L R R )
PRSAT IR A R AR s A DURR ¥ A R A AR A, B A R iy
B YIREH EZR . A KPR ES AN JC 2 BRI Y 45 & i A Lo
(AOCsp) f /i OCr HYLUAE f iy, UESK 1 A K R B IR A5 AN/ B e s B BRAn A 1)
ST A PUBR B AR o HRFERERR AN SR L 2% B LI A LA & BB e B
JRBRIE AT HUBR IR, W, K R LA &8s Yxt LI plak th 2 A
ARH HZAAEH] . BRAEFEIE SPGB A7 HUK & B b s 1 N FE IR
PALER TR AL G SR, U B ER A LA S B ) S s A LK
FRIAH AR Y 0 B B o 1 33 L-P A AE A LS & 84D S0V A HLBR (1A ELATF
Hle S SHE A A URRAR A oy EEZ I IS S R . K+
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Figure 16 Comparations of preservation efficiency of minerals to extractant-soluble
organic carbons and alkali-soluble humus carbons (AOCF) between limestone soils and

non-limestone soils.

MASFIFPSR LA LA [F 25 B P Al AT AL B R A7 SRR KSR
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s T ARA K, S SRBGRIE AN R R SR EAR AR K L
MASTERRSE 5 350405 B AT DB 1 PR A7 R AE A K L 5 AR A K 22 1) 22 5
AR AHER T KRS (Caw) MTEHGHE A PUBRIRAFRCR i dh, HERM LT
U SEGRIVE A B ORAF RCRAE A R L 5 AR A R (GRS A8 2 a]
A WEZN o BN, A RARUL, A HLES & A BAER P0xS SEGH A LK
FISEBCRCR B2 T e RS, mapa K 238, HHLEE & SUAmy Yt
SEBGREA PUBR I1F A E /T Kt i T8 € REBRAR T W0 S G A HLBR 1A
FImS K+ A K

7.3. HHBREAS AERT DR MERER

AR SR SE I B W 8 A I T AT — R AR AL o PO B iR 1Y)
NEEF R, BT A KL EEY RS SRR s BRI AT X L

7.3.1. BR- KA FOLITHIE L 1 E S

FIAS RISEBGH AR A A+ 38 AT R BIUS EiRWH EEMs Stk ity
ARIAEREFEESR, RRY, DIBRIENZER T RGN T REAE,
M BOA BB RAF P M LER B AF AR R IRl AL SR B, BB IE
PARIAIHEAT, B E i 2 IURCNESSN, AL, B, CIEM D IESOLHREY 2
e D) IV AN <k

AR LKA B AT D AL T SR IS o, 1 B bR A B 4
IR FE IR BTN B IEAT D IR e SRS 9. B AT D I DR8I
PG XU, AR I E BRI E LRSS AL, R A A 2
= IR ] e SE 2 5 ARERY A 5

AR R SRR R AU EIE R C BN, HEAER KA i,
TR _ BB C g Ry, JUHZ TR ERA TR SR A Bk
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Figure 17 The comparison of non-limestone soils and limestone soil in excitation - emission synchronous scanning fluorescence spectra of extracted

supernatants by extractants by sequential selective dissolution method.
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Figure 18 The comparison of non-limestone soils and limestone soil in excitation - emission synchronous scanning fluorescence spectra of extracted

supernatants by sodium hydroxide by sequential selective dissolution method.
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Figure 19 Comparisons of fluorescence indexes (FI) of the supernatants extracted by
extractants and subsequently extracted by sodium hydroxide solutions through
sequential selective dissolution method between limestone soils and non-limestone

soils.
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