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Abstract: Iron and aluminum minerals influence the stability and sequestration of soil organic carbon. To assess the effects
of various forms of iron and aluminum mineral complexes on the accumulation and stability of organic carbon in peatlands
across varying water levels, this study focused on three peatlands in Hongyuan County with distinct water levels: peat

swamp (S1,-1.9cm), swamp meadow (S2, —10cm) , and alpine meadow (S3, —19cm). The carbon and iron-aluminum
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contents within crystalline metal oxides ( DH) , short-range ordered minerals (HH) , and organometallic complexes ( PP)
in the peatlands were ascertained using the selective extraction method. The results showed that the carbon contents
extracted by the different extractants and their proportions relative to the total organic carbon followed the sequence PP>DH
>HH in each peatland. The total carbon bound to iron-aluminum and the carbon content extracted by PP peaked in S3 and
reached the minimum in S1, with this notable difference primarily evident in the topsoil. The contents of the extracted
metals (Al+Fe) in each peatland were in the order of PP>DH>HH, and the C/M ratios were all greater than 1. This
finding indicated that iron and aluminum minerals primarily interacted with soil organic carbon through coprecipitation and
complexation, forming organometallic complexes that dominated soil organic carbon accumulation in peatlands. This effect
was most pronounced in the surface and subsurface soil layers. In contrast, the interaction and accumulation effects of
crystalline iron-aluminum minerals and short-range ordered iron-aluminum minerals with soil organic carbon were relatively
weak. This difference was particularly evident in the surface and subsurface soils of S3, where organometallic complexes
played a more significant role in soil organic carbon stabilization and accumulation. The correlation analysis revealed that the
accumulation of organic carbon in S1 was influenced by the interactions among crystalline iron-aluminum minerals, organic
carbon, and organometallic complexes; the accumulation in S2 was solely influenced by organometallic complexes; and
iron-aluminum minerals exerted no decisive impact on the organic carbon accumulation in S3. It can be seen that different
water levels in peatlands had significant impacts on the combination modes of minerals and organic carbon and the
distribution of organic carbon, and the increase in the content of organometallic complexes drived the stabilization and
accumulation of organic carbon in peatlands to a certain extent. Given the critical role of peatlands in the global carbon
cycle, this conclusion is essential for understanding how mineral-organic interactions respond to water level fluctuations and

for predicting carbon storage dynamics in wetland ecosystems.

Key Words: peatlands; water level; organic carbon stability; selective dissolution; iron and aluminum minerals
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Table 1 Basic physical and chemical properties of soil and vegetation community structure

BAR
pH 5.52+0.01c 5.93+0.02a 5.67+£0.03b
S Total carbon/% 9.14+1.28b 26.84+ 0.70a 25.17+2.78a
SVA Total nitrogen/ % 0.66+0.08b 1.99+0.02a 1.75+ 0.19a
TR L 195.08+22.18¢ 348.63+22.80ab 445.04+81.30a

Dissolved organic carbon/( mg/kg)
ARHZEX Carex muliensis |

Yo Deschampsia cespitosa

BER Scirpus triqueter

L F RiRiE: Equisetum ramosissimum | BHIEL Carex meyeriana .
Dominant species = ZILE T Halerpestes tricuspis TR Equisetum ramosissimum

FFTA [F)/ING T8 R R AR R K AL 8 A 6] 22 53 .35 ( P<0.05) ; ST #EHE 1 Sitel JEH IR Peat swamp; S2: FEiHL 2 Site2 {8 #i i) Swamp
meadow; S3: FEHL 3 Site3 = FEH ) Alpine meadow

1.3 FEam ATl E

1458 FATH] DCB 52 AR [IE S 2 BP0 B0 T A 3 BGR & A A HLL & ) (CIn R iR 3h Fris
BRER) AT T R A s A at e v B AT DB 25 e, SR P 58 4 T L 700 U B 50 - o A e i A 1) A
WA ST Heckman 550 BG4 S B HR B SR BUR [R 2R B8 0™ 1) B W0 285 & 54 WILBI 2 ik, FLv 4
WM EN M ( Na-pyrophosphate, PP) B85 JEFH T S HAR SR 7 R AT A e, LLARBEIR IR B S E T
s SIS N e | TR 1 rp 4% B S50 S HLER s TR IR P T W ( hydroxylamine-HCI, HH) Ve R4 I
WU A P (SRO) RTEHLERARIRN] , 2 LAZK -G AE RDR IS AR S BT SRO 44, DXL HBR RO T T
W 5E 5 RARA PR SR 45 & ALK L S 4 I8 2 i % AR R BA I UK ( dithionite-HCI, DH) 42 B U8
TE S RS B kBB A SO 45 G A AL DL S B ) i, BAR DT R AR 48 i in A 40mL
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0.1mol/LAYy PP HH i&H| T 1g Js% + ', %% 16h J5 2000 RCF &.0> 20min, FIFHGT 0.45um A 38K 5 75 3]
AHRHEBOR . BEAM A 30mL 0.1mol/L B DH i T 1g Jes t i, 47 LR LIRS 15 215 2R HUK .

C/N 43HH( Mulit N/C 2100, Germany ) I %2 8B H A9 HLAR 5 f2: 5 HJERHR 5 56 55 IR & 614 (1CP-
MS, Thermo, MA, USA) s HAek &&=,
1.4 Bdsobr

K SPSS 22.0 AT EHE AL BES3HT 5 FH Origin 2021 BT E . B R I 2253871 (One-way ANOVA) >k
G3 T R — KA AN ] 4 JZ2 A ] — 1 J2 AN R KA (B0 9 AT HLAR 22 5, FH Duncan 46 56 X5 548 F5 43 5 76 7K 437 A+
JE AT 22 57 W P U AL (P<0.05) o BRI ZR 5 26 70 AT > 43 B K ASE i - J23 B FEAE AR IO AN [) 4 B i By
fe 42 )m BE IR LAy AR 52 . R H Spearman 5 5076 %0 W] S HURK | 4 J8 R L A HLER A TAE S ME S0 AT

2 ZBREHS
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Fig.1 Distribution of amorphous ( PP), non-crystalline (HH) and crystalline ( DH) iron aluminum carbon in peatlands with different

water levels

PP . fE#§REN Na-pyrophosphate; HH: 32 ¥2H% Hydroxylamine-HCl; DH . ¥ — W AR FRHH-EE/R Dithionite-HCI;S1: #4th 1 Sitel JEIRIAEF Peat
swamp; S2: FEHL 2 Site2 VAPERIMA] Swamp meadow; S3: FEHb 3 Site3 R FEFA Alpine meadow ; AN[EI KRG FREF R ] — KA A [H] 4 2 i 2 2%
5 AR NG FREFRIR ] — 2 AR KA 35 25 5 (P<0.05)

A 2 ], e A R A A3 )2 o) 3 R BGRI BB A ik 7 2 o A ALk R B PP>DH>HH 7
S1.S2 F1 S3 H LA A 42.66% 23.30% Fil 44.25% , Hov PP $EHUR 5 A HLEKR 1 H 73 tb # IR S3>S1>S2,
HH 1 DH $25U% 5 A UK Z LR IR S1>82 =~ S3, st /2 m 5,3 e BGR#EE a6k & & S A VU &
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o AR e st i B R USRI <WARJZ ~ RJZ . AE S1.,S2 A1 S3 v+ HH A1 DH $RIUAY AR 5 2 i A ML ) 1
Or RPN RIZSWRIZSTRIZ 1T PP SREU AR 5 A LAY (123 LR B RS2SR ESTRZ

F2 KUMLER I MREFRNNBRSENHESAVNBRNBES LHONERTESH

Table 2 Two factor ANOVA of water level and soil layer on carbon content extracted by three extractants and its percentage in organic carbon

PRI PR o5 A LA 9 43 L
A Extracted carbon content Extracted carbon as a percentage of organic carbon
Freat pp HH DH PP+HH+DH PP HH DH PP+HH+DH
IKAZ Water level o # NS o s o o . . e o o
+J2 Soil layer # # NS #* * o # #
JKfix 1t JZ Water levelxSoil layer e o o * NS e o o NS NS * NS

PP. fEBSMREN Na-pyrophosphate; HH . #hRFZEHE Hydroxylamine-HCl; DH: & —PAEFREH-E2R Dithionite-HCl; NS : /N i3 Not Significant; P>
0.05; * P<0.05; ** P<0.01; *=** P<0.001

+LE/em [ 0—30 [N 30—60 [N 60—90
| PP+HH+DH/ .  Aa PPkt

—_—
w O

58]
S

TEHR A HLAK o L
Percentage of organic carbon extracted/%
O

(=}
PRI A HLER & bb
Percentage of organic carbon extracted/%

E 2 AEASRES SOC Z LLERE KA &5

Fig.2 Distribution of extracted carbon to SOC ratios of different fractions in peatlands with different water levels

2.2 RREIAHLER S0 A b 0 4 @ AN [RIZK A U6 o bl b 7 43 A

R 3 AT, 3 FOR[RIK AL b A HLER R0 R S IR B 48 (Fe+Al) & oA — 2, R Bl PP
>DH>HH, £/ PP $RHU 2k ABTEA TR A b oy E B, 7 2200 B 20, AKX &0y A LR ) &=
A B A a2, Hop PP RIUNER R R S3>82>S1, 1 HH A1 DH F Ak 45 7 W AH
R, ik B R BAK A e s b AR HE PP BRI 4R BRS BER N, kR PP A1 DH $2HUW AL SN, £EXT 54
AP SRR AT AR 0 & A B, ST PP HH S0 48 23R 90 R 2 i i
f, MTE S2 F S3 H N ZREE R JZ>W K2 STR)ZE . DH $REUAE F08 A WA B

HH 3% 3 AT AU S1 R)ZH HH (9 C/M /T 1 HOR & e AN R 2 70 1) C/M KT 1, A FIEST Y
i, = AR R ZH 4 DLk 80 SRR C/M #3294 PP>DH>HH, 3 R BGH Ay 4R HUS 24 i
R C/M B HbK AL T B3N, teah bR S3 H HH (% C/M {4, = AR BGR B C/M ¥kt 4 2 i
B,
2.3 ARRAVER S P2 AR BRI A FLER S 4 8 AL ALK A AH M5 B

N 4 FroR AT R BT S1 rf PP RN HH B2 I fie 5 X 1) 4 J & it 52 Wl 25 IEAH G (P<0.05) , S2
o HH A1 DH $2E AR -5 H N $R E 4 R % 2 W & IE A DG (P<0.01) . S3 W PP Al HH 2B Ak 5 =X Lz
L JE E i R WA IE A DG (P<0.05) . LAk, S2 Hh HH 42 ER AR & & 5 PP 2y 4@ & i DL ) DH $2HU1 il
55 HHAR A 43 a8 & it 52 5 3 0 AH G 3 B2 R £ B A 5k 7% 1 5 SOC I A & 43 A1 i R, S1H PP FIIDH

http ; //www.ecologica.cn



2205

EACHLER R 5 R A LR 250 A1 R I

j

ANTFKA

i{%

(OFi

5

T 88 61 (TV+2) B 1 IN/D

SN SN SN ok SN SN SN SN SN EHF XTI
SN SN * SN SN * ok ok * * ZF 9OURLIRA JO SISA[RUR SIOJORJ OM],
SN SN SN ok SN * SN * * e ATE & 1) 13
BV IFH1T BYI0'0FOC'T  BVPEOFLIT  BAOL'OFHP'1T  BVSI'0FSS0  BVIFOFSI'T  BVII'IFSSO  BYISOFLOE  BAEH TFEC'L wr06—09
BYV60 IFI1°C BYZIOFSIT  BYGELOFSS' T BUSCOFSHT  BYLO0FES0  IVTTOFLI'T  BYO9TFEE'L  BYLP'OFEE'T  BU6I'SFI6°L wr09—0g
BYVELOFYI'L BVPI0FCTT  BYOPOFSHE  BVICOFIOT  BVGI'0FISO  BV690FR0'T  PASHOFLLY  BYLI'OFIL'T  ®BVSITFO6'11 woQg—( €S
BV 1F89°] BYLTOFLET  BAISOF86']  BVTIOFIL'T  BVHO'OFFS0  BAVEOFSH 1  BVSS'0F8SL  BYSI'0F8E'T  BAST0FIT'S wr06—09
BYZ9 1760°C BVECOFYY T BAOI'EFHOE  BVOTOFEH'T  BVCO'0FIO0  BUECIFIL'T  PALLIFOP'S  BYLL'OFOTT  ®BVSI'IFCI'L wo09—0g
BYG90FSL'] BVICOFLST  BYSOIFLPY  BVBI'OFIST  BYHO'0FCS0  BVS0'0FOI'E  ®ATL0F80'S  BYSI'OFHO'T  ®BVHOTF09'8 wrOg—( S
BYZO IFH8] BYETOF09 T  BVOEL'0F8ET  BVOIOFOF'L  BVGI'0FLO0  BHOS'OF6ET  BYCO'0FCO'L  qVLPOFI8T  BAT60F9V'H wr06—09
BY9G0FL0'T BVPTOFIY T BYPG'OFLOE  BVIFOFEH'T  BYGI'0FLO0  BVHI'IFR0'C  BVIS'0FFO'S  BY6HOFHC'T  BV09'0FS9'L wo09—0¢
BY8T0F0I' BYOCOFC8 T BVCTIFERy  qAPTOFLLO  BVSIOFSHO  BALI'TFRTT PP OFSK’E  qHETOFLLO  qHOLOFI6E wrOg—( IS
wo S R (A 7 B N o s o o
=HF 21
HA HH dd

S[AAJ] JIJeM JUAIIJIP YA spuepead ur soxa[durod [erauru [y pue 3 JUIIJIP Jo uopnquusiq ¢ dqeL

YR HEATN LY BYS B LB By €%

//www.ecologica.cn

http



2206 xR 45 4

FIUHA LK S SOC 2 W FIEME,S2 Hh PP #2EA HLIK S SOC 2 35 1IEA ¢, MAE S3 H 3 FhH I $2
BA LIRS SOC 470 B e

x4 AEKELRHKH PP HH,DH A5 54 E (Fe+Al) 1 L EEHBRME X

Table 4 Correlation analysis of PP, HH, DH carbon components with metals ( Fe+Al) and soil organic carbon with different water levels

K L4y 4B 415} Metal component (Fe+Al) peerin
Site Carbon fraction PP HH DH SOC
ppP 0.833"" 0.219 -0.418 0.749 "
S1 HH 0.623 0.728 " 0.100 0.234
DH 0.325 0.306 -0.217 0.700 "
pPp -0.153 -0.383 -0.033 0.817 7"
S2 HH 0.723* 0.855 " 0.455 -0.633
DH 0.628 0.667 * 0.817*" -0.395
ppP 0.755" -0.627 0.273 -0.431
S3 HH 0.400 0.814"* 0.655 0.183
DH -0.624 0.472 0.012 0.038
3 g

31 HEEAVER BT RS ETSE SA VRN R

AT 7R, B ST H DH . S2 5 PP FI1 S3 H DH $2HUE5 4N, 3 Fh G B HR B Bt 34 A0 LX) o $12 1
M4eEEEREREEME(ES) , XSZATHNEEE R R0 5 e A Lk 4
TR SRR, AR TE T PP IR AU BRI A DL B 45 S W R ER R i Re iR i A AL R
BRI AT PR FH ) IR T B S 34 R R Al . ABESE b PP SRER A RR & fe s (181 1) ,S1 A1 S3 H PP iR
Ham e R EHCHE (R 4)  RBW R R EOR IR TANLE RS A 2>,

KRB 42 J8 (Fe+Al) B EEJR HE (C/M) S VAL 5 4 W FFE A AL 1) BE 1 LA T2 A HL-1 ) 02 & 45
R KRR 2 /M NT 1B A USRS AR ) LA R FR S A5 1 C/M KT 1 B, 4@ A
FHU AL DUTE a2 A VE F S i, EARIFFT Bk S1 RJZ HH 19 C/M <1 A, A R ¢/M 1
>1(%3) , Ut s H A HLRR A4 8 7 1) 32 B DU E A S Ve R 3 B Sl /oy, ek, 4%
et C/M H¥RIN PP>DH>HH , 3R R E BB 0™ W45 & B 3 hn , 4 I8 5 A DU AH BAE FH AL TTVE |
2 T W RRFARE FRVEG A T AR AR 2 IR SE W BE ) HH 1) C/M (EK T 45 S i DH , B 3050 % [ A AL
WAE I 2 SRS AR R, X T RESE FH TR A K A A L4 B 45 B W O JE 0T K A7 A el
YR R B 4k, I T SRO W9 BIE B, 800 58 DL 2 (8] 10 45 A VE AR DS S ), X5 HH 48
By SRO 2R & s IR 45 R — 3%

W4T R C/M (HAE 2R 2257 8%, PP Al DH A C/M (¥R NIRZE ST RIZE>EE, PR+
SRR BE B3N, ) S5 AURR A AR AR P OB SR O S AR EEAE , X AT RESE i T 4SS B DL TE
RIZTE G LM VE FHE AR , e 7K SR % 1 BRI B 03 v, S B0 2 BR80T W e s W BN B8 22 (0 A HIL A
BEAR, ST B 362 -3 PP SRR & & 0 K T %2 AR 2 3% i HH BEHUR & & 7E S2 Al S3 Hh &3
HEERE REREIRTRZ (B 1), X7 RE S TR A e e bl o v 5 40 S 2B e n =" A BILsk
AR A SR A ) SRS Y RS TR A P e R Ak R T, B S2 R S3 JR AR ML 2 R Y
AR R ARG P ) R 0 I TR R B M T AL B o,

3.2 AR[REKALE s A HLER SRR A AR o AR

T BRER T 45 S LI WL B 45 B35 0 3=, FE WA 8 o U RS (4 W /K IR SE A B T B - 1 5

FEA, R A 5S , PEEE rp EAA AR O TS RN B 45 AR L R, VR R b A K A
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] BB KA LA 8 25 W 9 IE AT 77 A6 6 7 0 104 2 JB s 2 2= Ak, 1) SRO B IR 1 7, i e
XA HUBR MBS LoD, ASBIFFE 45 3R s | BV AR S Bk S AR K (7 P8 o 3t Fh 8 30, 9 22 B HL
SRRV X I i T VRS MR K A B A B A T A A SR SR A 4 T kAR )
i EHE, G TOR E iR R SEUCE R W R B SR, SRR RIS 5 B L
R E A LR PPAS A WL A A R LR B 5Tk, 25 5% R, 3 R IO B2 BUABR & & o R BRI
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