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Abstract: [ Objective] This study aims to investigate the stability of soil organic carbon (SOC) in plateau
wetlands under water table decline (WTD) , and to clarify the distribution characteristics and key influencing
factors of iron-bound organic carbon (OC-Fe). [Methods] At the end of the dry season Cearly June) in 2024, soil
samples were collected from Napahai wetland on the southeastern edge of the Qinghai-Xizang Plateau, spanning
hydrological gradients and successional types of plateau wetlands. The relative magnitudes of WTD-small,
medium, and large-were represented spatially by three wetland types: swamp (S), swamp meadow (SM), and
meadow (M). The forms of soil iron oxides, crystalline mineral composition, iron-bound organic carbon (OC-
Fe) , mineral-associated organic carbon (MAOC) , and particulate organic carbon (POC) were analyzed.
Redundancy analysis was employed to examine the changes in iron oxide-mediated SOC and influencing factors
following WTD. [Results] Along the S-SM-M succession of wetlands with WTD, the SOC and MAOC
contents in the 0—30 cm soil layer exhibited an initial decrease followed by an increase, while OC-Fe content
gradually decreased. Additionally, the contributions of MAOC and OC-Fe to SOC decreased, while the
concentration of POC and its contribution to SOC increased. In terms of iron oxide forms, SOC in wetlands was
primarily associated with oxalate-extractable iron oxides (Fe,). Along the WTD, the contents of DCB-
extractable iron oxides (Fe,) and pyrophosphate-extractable iron (Fe,) first increased and then decreased, while
Fe, continued to decline, leading to reduced activity of soil iron oxides. Furthermore, the content and stability of
clay minerals in wetland soil were relatively high and showed insensitivity to water table changes, thereby
resulting in minimal impact on MAOC. [ Conclusion] Along the WTD), the stability of the organic carbon pool in
the surface soil of wetlands diminishes, as evidenced by an increased proportion of POC and a decreased
proportion of OC-Fe. The binding mechanism between organic carbon and iron shifts from co-precipitation to
adsorption. The main influencing factors include root exudation of organic acids, microbially driven redox
reactions, and the aging of Fe,. The findings provide a scientific basis for the conservation and carbon
sequestration of plateau wetlands.

Keywords: carbon sequestration; climate change; edge of Qinghai-Xizang Plateau; water table decline; soil iron

oxide forms; soil minerals; soil organic carbon stability
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Fig. 2 Changes in soil iron oxide forms and organic carbon components along water table decline
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Fig. 3 Mineral content of wetland soil with different magnitudes of water table decline
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40 cm (3.3%0), 1] B8 /& 10 Hb 1 9 B 4 J2 TR B 14 4
A DD AR B 0 SR A RS i, A A Sid (FeCO,)
M8 B . B8k (Pyrite, Py) {76 % 0~10, 10~
20 em B, BT EE AR B0AR0 R 206 R 3060 o S B TE PRI

RKZE PR E B S, FEIREKMT R
ER 38 J5U RN ER I8 T 43 0 R SO Fe (D 7 462H
S HI Fe(ID) , {15 5 B0 BE 05 T WL , 1 28 Wk 3 B /K A
TR R MR ) I B A AR

TEIR A [ IR AL R A & + 2R E A/ 53R 20
¥ (illite-montmorillonite mixed-layer mineral, 1/S) it #&
A3 BRI A 0~10 em 78 2 (21.6 %) << 18 % % fa)
(25.0%) <<H 1) (27.4%) , 10~20 cm Hi ] (0) <8 %
(0.4%)<JH B %41 (32.3%), 20~30 cm ) (0)<<{A
P (16.7%) < IR PE A (28.2%) , 30~40 cm 18 ¥ #i fa)
(72Y)<UBFE7.2%)<<HA)(18.0%) . % +ZRE
R £ Cllite, T T 32 43 O /MUY 2 0~10 em {H #5%
(12.0%) << 78 ¥% % ) (15.8%) << # i) (16.0%) , 10~
20 cm ) (11.4%0) <<¥H ¥ 5 fa) (11.7%0) << IH ¥
(20.9%),20~30 cm ¥H LA (10.3%6)<THFE(18.6 Y <<
LA (27.5%) ,30~40 em VB (10.5%0)<Fifi] (12.6%6)<<
R (28.1%) % 2R 14 A (kaolinite, Kao)
R 3 BRI g 0~10 em 78 B 41 (5.1 %) <<3A
B (5.5%)<<#A (5.7%),10~20 em 78 B &) (4.2 %)<
] (8.2%) < ¥ (20.3%) , 20~30 cm H ¥ E A
(4.276) <R (6.9%0)<<HAa (11.7%) ,30~40 cm iH %
(3.9%0)<THA(6.3Y)<JRF R A (12.1%), £ +ZH
JE 2% 8 £1 Cchlorite, C) Ji 1 40 £ K /NI Ky 0~10 ecm
TR P B ) (5.1%) <<TB B (6.9%) << H 4] (8.0%) , 10~
20 cm M P B ) (4.8%) << HE f] (20.3%) < B #F
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(11.5%),20~30 cm ¥ B F ) (4.2 26 <R (6.9 760 <<
] (11.7%) , 30~40 cm 78 & (3.5%) <A ¥ & fi)
(779 <HEA(8.1%), vl W Ht/5IRZ A Lk
YeAr v W A Bl K AL e 1) A8 Ak R AR A ol &2 2, Lo ot
o G RSV VA N o SO 2 S5 e w0 R o O
Wy o B L ELBE ) e K 7 AR A o] B
X REAE , W MAOC £ BR i A HE 2 i 4/

23 TEEVHMASREKLTHENTL

i 52 OC-Fe . MAOC 1 POC %t SOC iy & %
ML T LR K AL T B AL (R 2) . ASRAIRE R +
eI T I e s AR A 1 B w2 813 by NNV TR 29 L)
SOCH b 5 ZnFaI3g K, R, 257 5241 43 SOC B +
JZ BB R IxE SOC BTk ok, I8 4% 4 73 SOC Fa i€
PEBUSR o WL SOC vk B2 B + J2 T8 B /9 385 im ifi o 20>
MAOC.OC-Fe ¥ B B 1 J2 78 B 35 Jin i 9s 2>, {5 XF
SOC 1 5T #ik i+ )2 U8 B 15 i 38 i, )2 Bt MAOC .
OC-Fe [t H Ath 4 43 9 SOC & 5 . 1ij H. OC-Fe Xf
MAOC 1Y 51 Bk B - )2 3 B 38 hnimi 3 i, B OC-Fe kb
MAOC fa & o 0~40 cm 8 B L 0~30 cm A & 5 A
10~40 em F A i, POC ¥ B FTH X SOC 1 51 ik Bl +
J2 TR BE B 0 s 2, 2 POC A& 52 1 OC-Fe Al
MAOC 2, Al W, , SOC Fas M 38 55 )7 > OC-Fe>
MAOC>POC.,

SOC #e B2 7610 A [RLR AL S R R g 1l 25 57
1R SOC - ¥ ¥k JI2 f ey 1) /2 4 (22.23 g/kg) , Kk
JEVHVE(17.39 g/kg) , B IR A J2 VA R ) (14.05 g/kg) o
0~10 cm A 3 SOC ¥ Jf f7 75 (29.40 g/kg) , Hyk &
FA) (20.04 g/kg) , ¥ ¥ B ] A AR (19.44 g/kg) 5 10~
20 em H ) SOC #e J¥ % 75 (33.76 g/kg) , LR B &
(19.34 g/kg) , ¥R E H A fe fR (13.99 g/kg) ;20~30 cm
B SOC ¥ B 7 (19.44 g/kg) , ik &2 B &
(12.45 g/kg) , IRFEF A F AL (10.40 g/kg) ;0~30 cm £
+ M2 4 LLR PR AR SOC ¥ BE fie A%, 1M 72 30~40 cm
DU 3 o A v (11.75 g/kg) , HEUR 2 5 4m) (8.66 g/kg)
FIVHEE(8.36 g/kg) o A WL, B /KA F B 0~30 em SOC
W U D, K ASE AR 2T I ST IS

e 1 H AN [F] R AL 2 B OC-Fe - 34 ¥ B #5171
JETR P (9.68 g/kg) , HoUR I VA B #fa) (4.09 g/kg) , KA
A% (3.75 g/kg) . 0~10,10~20,20~30 cm OC-Fe ¥k )&
KN R 78 7 (13.62.10.73,9.37 g/kg) = ¥ V% & fq)
(5.40.4.44 . 3.87 g/kg) > %ifi) (4.82.4.14.3.38 g/kg) ,
OC-Fe %t SOC 1 51 ik Jy 1 % (46.3% .55.4% . 75.2%) >
T8 5 B M) (26.9% . 31.7% . 37.2%) > F ) (17.5% .
12.3% .17.4%) ; 30~40 cm OC-Fe #¢ B K /N i 5
H B (5.02 g/kg) > T8 % B f) (2.67 g/kg) > i fi

(2.66 g/kg),OC-Fe %t SOC By 57 ik M ¥ % (60.0 %) >
A (30.7 %) >R R4 (22.7%) . Al WL, BlEAK AT
R, OC-Fe ¥ B Xt SOC A 5T ik I/

P M N TR IR AR 2 B h  MAOC F 2 6 I
S A B (14.43 g/kg) , HLR & 74 (13.05 g/kg) , 1R
A (914 g/kg) o 0~10,10~20 em MAOC
e BE RN A I B (23.97.15.78 g/kg) > i i)
(16.28.15.05 g/kg) >V ¥ #f1) (13.69.10.28 g/kg) ,
20~30, 30~40 cm MAOC ¥ FF K /N il % A1)
(12.95.7.92 g/kg) >R (9.72.8.25 g/kg) > 1A
f1(7.97 4.61 g/kg) . 0~10,10~20,20~30 cm MAOC %f
SOC B 5T #k M IH 3 (81.5% .81.6% . 78.1%) > H &
) (68.3% .73.5% .76.6 %) > 54 (59.3% .44.6% .
66.6%0) o W WL, Bl K A7 R B, 0~30 em MAOC Xf
SOC B s #k I/ , MAOC ¥ JEE Sg sk /0 1 J 38 A .

TEVE AN [ IR AL 2 R v, POC S 24 96 5 i e 1) 2
FA) (9.28 g/kg) , RSB HEH A (4.91 g/kg) , TR F
i (2.96 g/kg) . 0~10,10~20,20~30 cm POC ¥ &
FNIF g #4 (11.19,18.71.6.49 g/kg) > V8 7 iy
(6.35.3.71.2.44 g/kg) >R 1% (5.44.3.56 .2.73 g/kg),
POC Xt SOC By 5T #ik K /INIUF 2 B ) (40.7 %6 .55.4 %
33.4%) >R F A (31.7% .26.5% . 23.4%) > 1B &
(18.5% .18.4% .21.9%) ;30~40 cm POC ¥ J& K /Mt
FE oWV B B4 (7.41 g/kg) > Ei 4 (0.74 g/kg) > %
(0.10 g/kg) , POC X} SOC 1y 5T #ik K /NI Ay 17 1% B
1 (60.8 %) > /i) (8.6 Y) >HPE(1.2%) ., nl W, FifiK
£ T R, 0~30 e POC Y& JEFIHG SOC 1Y DTk 34 K.
24 RO

I3 IR I IE A L OC-Fe MAOC 5 + 3 3=
LA AL AR R AT U e A (B D o,
B 5 S T W TUAR S A Ah 5 LRl SR 2 4l R
TR B 38N 69.36 %6~99.99 % , 1t B 4% 1 32 5 5 6™ 49
G, FEMH R AL2E EYX OC-Fe 1 MAOC A i
F5W . HAAREMRYIEAS SOCH HHEFEEM R
(K 401 LLF 1 ,0C-Fe 5 Fe,.Fe, .Fe,.Fe,: Fe, . Fe,:
Fe, 22 IEAH G, 5 SOC 423 A 5.0k 57 5 2k A AL W B 25 0
OC-Fe 5 WTD .BD £ #H%, 5 WL . MC MBC £ It
A MAOC 5 WTD #:3E A8 E 4 57, 5 MBC.SOC
POC \biomass £ 1EAH &, 5 pH . Depth & i AH & . H 8k
AALIE A (SOC 5 58 5 BT i #1456 & (] 4b) W] LA
F i ,0C-Fe MAOC 5 Py Dol Cal It £ 1EH15¢, 5 Pl
A Quz A ;MAOC 5 Clay AR E AL, 5Tt
EIEAHOC 5 T/SH Quz 2 57 OG5 25 1Al AI 56 2 il Y
FRU B R AL N 52.12% , W 7 1 38 5 BRA 4 o 18
OC-Fe Ml MAOC 52 i 8¢/, A Sy 5 9 &b 52 6 49 A1
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L, b BT A L T RURES A RE BN Ik R
WA SOC 5 LHEFR T CFR (K 40) , WTD 51
AN AP AK B MR AT C/N I LT 8Bk iE S 5
AN AP AK N K 2IEM 5, 5 C/N £ G # 5 0C-
Fe 5 AN AP AK N K £ IEAH X, 5 C/N 5 61 [ 4]
¥ 5 MAOC 5 AN AP AK K P IEM K. & 4d 7]
M, Fe,.Fe, 55 Catalse i & fb & i 22 IE A K ; Fe, 5
Urease [Jk i . Invertase i #ififf . Protease 45 [1if# . Catalse
i E A A R I AH G ; OC-Fe 5 Catalse 13 & 1k & 8
5 OF R 3G 5 B Wi T M T 390 Fe, | Catalse 1 %8 6 &
fit D] 3 i 2ok A8 A 20T ]k e RS S R rh Y 28
RN 3 AR OC-Fe . Fe, fil Fe,o 13 2 + 3
OC-Fe MAOC 5 + 41 18 /9 5 & (& 4e) , OC-Fe,
MAOC 5 PR [ a4k %5 B ] (Chloroflexi) AT B
[T (Bacteroidetes) | B IE [, 5 4 %0 0 [ 40 2F B R0 B 1]
(Gemmatimonadetes) | | #ft ¥ & [ W ik £ & 1]
(Actinobacteria) ] & b ; i1 3R )2 13 OC-Fe MAOC
5+ MR M55 R (F 4D, OC-Fe . MAOC 5 K A B
[ WN3E B 1] (Chytridiomycota) ] 71 B 7 7 56 B i E He , 5
WA W L F % B 1] (Ascomycota) | #H F B 1]
(Basidiomycota) 2 & B | 1(Zygomycota) | Bzt 5 5 24
P 2 45 £ (BR Shannon 8 2040 ) L EL B =F B2 48 $I0U8U
o WU, OC-Fe MAOC H)Fa 2 1 AR AXL 32 41 B F EL
TS BE 52, T E DR TR A A AR A DA T AR T
2, BV R A it Fe(ID /Fe (DG ML ™ #4751 HL
] T B4 T D) 30 ok A 0 R B o
RIS B

IKAE N [ 5, T8 5 ) 4 28 7 DOV KRR A #)
TR B RAEEAE  Ff R IE S N TR A8 R
SRR AR W54 MR E Y)Y & R
A W RE T Al A R IE PR R AR A

g3 M T B v R AR ) 25 E A Y BT o BOW R
TR SR B A EEE X, KA TE
+- B AR A B AR U B R R (Fe) T0E A
BRAALY) (Fe)) 456 DAY (Fe) Tl i 45 i B A
Bk . Fe, X B A A KA Lo 2 1w FRURI IR B A7 6, 38
B RE W BN [ I rh 0y A L . DX A A AR AR R
XiF A HIL A B4 PR R B g AR X 4 5510 AR YR B 9T AN A
Z g, W X AEE T Py (FeSo) 117 7E 45 78 5k 8
JRIRES A ALY ) Fe(TDHE 2 5% 48 I 45 & R ™
W, gl EEE Fe i, S8R A R —3. MKALT
W, T8 P ) b 1 R S A PR, - 0 B b 7 AR Ak
T TP 285 ) A e, 5 800 o ) A A 0 R AR AL B
VS AR ATURT (9 Fe B B T Fe, £ 1 B AR X AR E
AR T ok B AR A S i —E 4 Fe, JBK Z 46 h

Fe, ot i A ALY, S 80UH B 74 Fe,: Fe, 28/ i
TR A X AL /3 RS A: W 38 B TR R, Fe (1D /
Fe (MDA #F Fe, I B 0 TR BT Fe, fl
Fe, 038 fn g B2 R — , i 45 K 52 F [ W Y Fe,: Fe, 48
RSSOk S T B, T 8 15 5 f - 3 o
Fe, i) & i B AL B8 Fe, 24k, RAG ML T 7%
THARE TN Fe, B #E B NFE , Fe, /DAl fig /& 32
MR ZR S I AT HLIR 52 ' [, Fe, Fe, fil Fe, it —25
I8 /L sFe,: Fe, B8/, Bk Fe, [t Fe ol /015 8 £ M AR
IR R 3 s Fe,: Fe M AR K, m BE -5 7 ] %5 4a)
4 2 T ¥ SR K i i T A - 8 Fe, b/ R B
A Fe, Ko B, BKAL T B, S AL RS AR 1L
TR IR ZR 6 IR 5 R S R AR B A L i T 5
i 2 A AL P 3 SOC 9

L SRR ) VAN N ) i BTk o P | R PA SR IS
KEAEY A A A S AR R R T A o i e s R
# POC, 1M SOC e 2 s Hoh v R A 7E TS T
T S B A ) R W B - BE T - BB A BE i A SOC
FREL o fift 5 [, 08238 B v SOC B /K /Y 3F 7 7T fig
R A SOCEMLM IR . Bk, 23 SOC Fifi
IKASE T B Se s I B n iy e g

BRAAEY B W n] S A LE i T B A A
SAEHIE A AL-0- 2 AR ZERIAN RAR N 36 SOC
FEAEYEL LA SRR E X SOC 14 i 1% 2K 5
BREMY A SOCE T OC-Fe, THREZE T, 5+
W Can 1/ SO T e 45 5 W K R Ik 28 8, R A s 7Kk R
A FFRRL SRR WA s KA T B, S IS4 18 1 7T BE
i S AR AR 2L, (2 E A 5 SOC I HE R , 1k
WYL 0 A LR 5 58 ke, 1 T R B A Ak 43
fiff o SR R USSR B TR SR R R FIAR R AR e 14 B
AL FF OC-Fe WIE L, AFAR 2 53 W) v i) B 1R 55
i ML BB 8 38 1o V75 A 4k S 10 00 0 L T 45 1) A LB T ik
R, AR A W XA ML B BT Bt st — 4 Bl OC -
Fe W8tk [RIEE, Bl K07 [ L 39 3058 RN 40 1 22 B 1
B, SR, 3K 43 A A 4 EE S K RS B ek
2 IR AR I 2 R A S 25 A T T (ChD A5 IR 48U i 22 7%
PRV S BT, A i o A Qi 3R G S o o A S A R
IO TE MR R BEAS T A AU A SOC, U H R TE
BREAL DI AR AT R R BT SOC, i,
Rt 7K 37 T [, Catalse i 58 A6 SR , Xk A B2 o i
TSR AN R OC-Fe i fb. &5 1, KA FFE
IENZE 2N ECN TS IR S =R o 4 5 R NeA U1
JOEAZ AN A I 2 KA SR AR A ) SOC 43 i
T B0 b A R B OC R A L OC-Fe Rl #a
OC-FeXf SOC M mTmki /N, SOC FE PEREAR
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Fig. 4 Redundancy analysis of soil organic carbon and physicochemical and biological factors
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WYy AE 5 BR 85 v H A B 0 S T M 8 A
Yy BAR A B 5 A 4 AR A B AR B AE Y SOC A
Bia B ENT Y -AILE A BEOK AL TR,
THE R A B TSR R AR 1 B
A Wy 52 W K R R KT AN W b R K DI 4 L B
B SOC Al RegE 7 s, R Ko 9 Bt . o
Wy 3T B Ak 2E 1 PR TR AT 5 SOC BB RE A Cln
B R IE AL Y SOC 5107 W) 45 A iR
MAOC J& , 4 4y ff o] B8 75 22 S8 0k 3R 07 ) - 5 HL Ak
V] ) fl 2 B, B I As e Mk o MUK A gk 22 T BRI, B )
+ T Y AR L R R 3R T BE Y A — 2 N Y
44 L FL R, 38 0 SOC B W BREAS s 1 B 5 38
I, Bt 9 b 7K A2 R B I MAOC ¥ J 98 /) , 7K o7 4 42
T R 0

OC-Fe 5 Fe (I FE /R HL(OC-Fe:Fe) %% SOC 5
BRAAL S5 A LT, 2R << 6~10 43 51l 38 7 W Fff
ALyt EFE KB, R SOC FHE Y
Fe, . Fe, Fe, 5 — KPR A LY 4545 ,OC-Fe: Fe,
0.45~3.18, V-1l K 1.17, 8 4 SOC 5 Fe, 045 &
2 AWK Fff 8 3 5 OC-Fe: Fe, N 3.24~8.56, - #1{H Hy
5.27, 8 4 SOC 5 Fe, W45 & I X LALLHURE Ry &, LU
MR L 5 B A WM — B OC-Fe: Fe,
7.29~247.53 - 341H Ky 37.78, 8 4 75 % HYEEFh SOC
Y Fe, B4k & J7 2 1 L 00 5 g B e B PR . IRk
MM H SOC 5 Fe, 45 G, W OC-Fe ¥
2P R Fe,o 7610 LA [RGB {0 25 A o
OC-Fe:Fe, VS {E K /NP A 785 (7.31,4.59~
8.56) > Hi fa] (4.62.,3.97~6.17) > ¥ % % 1 (3.88,
3.24~5.04) o AU VEIKAL T BE,SOC 5 Fe, i1y 3 %
4546 77 AN IR POTE ™ 1) < W B U L i OC-Fe 2 &
PEREAR

AT 5% T AR T 4 v AR Ak i R o ek R Ak
WL - i B 90 -7 AL 4R 5 A8 B (B A7 7
Jai BR A o R b T PR S SRR UM SR 2 T g s OB R
B 1) — SO o 4 2 S W BiE 51 A D sk Sk L R
FORE SR R R AE 5 A 58 3 B — 3, OC-Fe 4 iR Hl
il A7 J 4 W 5 oK SR 22 Eh/pH % S50, Fe (1D /Fe
CHD B A0 AR 61 B0 55 R 2 48 b o A SR 2 RL i 18 A
WF ¢ v, 5% 6] 25 DU 5 1 2B 4 SR AR AR 45, 58 E
B JEE e RN, Lt — £ R A T 0
AT LA E PR
4 4 £

DBEIK AL T B, Fe, vk B BAR I D Fe, Fe, W i
SN W > 5 0~30 em )2 Rk A ALY Y 3 AR
N, TRBEEX LKA ESRERK. TR

LR EA/E R B AR Z 5 B0 AR L
Py A RV i AR IR Y Fe JE B, Fe, 1Y 50 0 i
o T TR AR I Y — 8 Fe, JBK 2 AL .
R R AR 4 R 28 3 8 fe) 38 rh Fe, Fll Fe 0870

2) 0 b, - S v R ) R S BRI R E I AR
X JE 1 MAOC 1Y 52 W 85 /0N, 52 1) i L OC-Fe ¥ JiE
M) 2 Y N EJE Fe,o @HLP SOC 1% 5 Fe, 25
& KM FREST . SOC 5 Fe, i 33 454 )7 2« 21350
I IR P, S ELOC-Fe B e T AR .

3) W H SOC Fa & 1 5% 55 0 /¥ i OC-Fe>
MAOC>POC, Ffi /K fii T K&, 0~30 cm SOC H
MAOC ¥ J3 56 08 /0 T J5 34 50 OC-Fe ik B #2298/
POC M BEHr 414 K . OC-Fe #1 MAOC % SOC 14 57
kU /1N, POC XF SOC /Y BT fk 38 K o mT L, K037 F B&
S 1R b 2+ HE SOC Fa @ 1k F F .

A IKAE T B TR ZI 5 i 2 b 4 S A B B Ak B
AWy JE BRI IE S LOC-Fe MAOC 1 POC
ZERTE A IR ST e g wk LT S Y % i
fifi SOC fa e MEFE AL
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