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Abstract: As the largest organic carbon reservoir in terrestrial ecosystems, soils store approximately
1 500—2 400 Pg of organic C, which is 2—3 times larger than the atmospheric carbon pool. Their carbon
sequestration potential and functionality are crucial for regulating the global carbon cycle. Against the
backdrop of global warming, soil carbon sequestration represents one of the key pathways for achieving
long-term carbon neutrality. Therefore, understanding the fate and stability of soil organic carbon
(SOC) has become critically important. In recent years, the mineral-associated carbon sequestration
mechanisms in soils have garnered widespread attention due to their pivotal role in long-term carbon
storage. Soil minerals constitute a vital component of the soil solid phase and can interact closely with

SOC. Consequently, they engage in complex, multi-pathway reactions with SOC during its cycling,
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either protecting or activating it, thereby influencing the stability of SOC. However, the diversity of soil
mineral types and the inherent complexity of SOC composition result in highly intricate and
incompletely understood interaction processes between the two. This paper reviews the literature on soil
carbon sequestration mechanisms. First, it briefly outlines the instability of soil carbon sequestration
under climate warming or land-use change scenarios, highlighting that mineral-associated organic
carbon (MAOC) forms a stable carbon pool through physicochemical interactions and constitutes a core
pathway for soil carbon retention. Subsequently, the paper focuses on analyzing the differences in
carbon sequestration mechanisms arising from the unique surface physicochemical properties (e.g.,
specific surface area, charge characteristics, surface functional groups, chemical reactivity) of various
soil minerals, such as layered phyllosilicate clay minerals, iron/aluminum oxides, and carbonate
minerals. It systematically reviews multiple carbon stabilization mechanisms driven by mineral-organic
carbon interfacial reactions, including ligand exchange, electrostatic interactions, hydrogen bonding,
occlusion/entrapment, and interlayer intercalation. The influence of organic carbon structural
characteristics on mineral-mediated carbon stability is also briefly introduced. Furthermore, based on
the properties of clay minerals and metal oxides, the paper elaborates on the synergistic pathways by
which interactions at mineral interfaces enhance carbon sequestration. The collective action of these
diverse interfacial reaction mechanisms within the mineral-organic carbon system drives SOC
stabilization. The paper also summarizes the main challenges and key unresolved questions in current
research on the long-term carbon sequestration mechanisms mediated by soil minerals. Finally, to
address the limitations and gaps in current studies on mineral-mediated carbon sequestration, this paper
proposes that future research should strengthen coupled multi-scale and multi-process observational and
modeling approaches. Emphasis should also be placed on exploring the application potential within
practical ecosystem management frameworks to support the achievement of China’s "carbon neutrality"
goals.
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Table 1 Carbon sequestration capacities among different types of soil minerals
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Table 2 Differences in carbon sequestration mechanisms among different types of minerals
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Table 3 Interaction mechanisms between soil minerals and organic carbon
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Fig. 2 Regulation of organic carbon sequestration by iron

oxide transformation processes

ALY G BH R 1 SO SA A B B Y
M1, 225 4 8 HE T UK IE SRR
RAA AP R B T4 H AR X T8 2R
TR, HAR M EAT W R AL, AT 5L
Py F) TR AP A (AR Ay 266 ) AT C 2 S8 e, A
I A WL A He i L i 5t i A
S B R ERET FAT BT BN BR 2% 5 W), T 5 2R
BRI AN ER S B . B A WS  A HLRKR
0 R R 5 MR R, BRES A A LA Y R A LR
S KGR AT IR T R S A WL 1 R



- 58 - (LR N T T

39 E5H 6 M

13 35 i Al BB 38 2 PC A7 A S M 2 A, S B A W oy
fife, X LA HLIR AR A B

H WLAR S 3 S A 2 Fh s K PR S5 R Cln 2R 2R
), oI AR A AR B HLa— R S AL R A R
2 T30 2o 58 7K P AH EAE R B 20 B 4 b, sl Rt
FMECARASHe , S, #RE 5] ) R Ae J) 4584
BTEREA F ™ A LB RE R T-45 4
1) 22 5 ME 2 5| B A AL W XA ML AR 1) 0 5
R, DA 3 BN LB 218 . WIF IR 3 B, B AL %
55 T AT LR B0 2 A0 1 B, B I ST s O
FEH(MZA T ELEY . RRETEY) . mA
AU R RRFEHA | W2 IE L&) Mo 1-
[ DOC, T35k B DOC & H AL 4> T 1 5 i ik
153, CHASSEZ:" IA 2k DOC 1 1% Ff 558 & 5
HoAb 22 20 B 3+ ot B UIAE O, & A R &0 05
B 5 AN & R NG Wi 43119 DOC R B0 H 55 51 il
Mo, & A 2 NREEN DOC S50 mY ik
FOE A, HArF I8 B3 2 FE 4K DOC 54~
W T 22 ) P A e
32 @mELY

TEWG PRI M R Ge b, Al ek | R M AR
AW AT 3 ek S R S K TR B AR BIL S AR SR
G, AR E B AR+ %t R sl 55 ik
W B ALV, TR 6 BLaR K30 Y,
RO FE R, BEAEAE PR DU il Bk | SR AL e
A B BRTTRR R T ik 2 4.1 T,

KENEED = R WL A e, B
A BER A b 2R T AR RN AR A F A5 a5 (pHopye, Y
1.8~4.5), FTHM H A K s far . A —FP &b
W R, KL REE = 5 A Bk 1Y A ik
N, B AT R B /D (A AL, (RS A T flg )
FRAFEACH VL. FoRR, & BOK A6 7E
W 6 K 9% A5 HLA% (Natural Organic Carbon, NOC) 1)
R sF AT 5 & SRk s g, AE AR 43 58 AR S )
Jit, e WiZod 7 B ok T NOC Btk g™,
UG I A AAE T A 2 & B S5 A W e
B, ABAEIR A SSE T, AR 5 E & 8ok A4
WYk A Y R AR . BLAb, B YiE
e o W B AVE PR DOC 22 T 4 N8, JE LR
U VR " W 2 2454, FRHAE 8 A A ) K 5
oY B R A 3 A1, DI B2 5B 4 A 1 0K
DOC [l TH Wi . 7EmBtit i, DOC Hhiy
M 28 55 A1 5 5 S A ) e A SR AR AR T O, A il 1
A A, X[ T EAERE, B

ST EEAILET,

i A A ] e aok A v B Qi ) T 38 o AR Ak R
Jirt DA e A% A ALtk 149 52 oy P (A 38 58 4 i sl A1 2 £k
2 AR, DT ) HE R 42 A AL A0 JR e, ik
[ E A LR, M2 T, BkaR A ALY 7E W B A
LA VL BAE SR . 78 H AR &k, &
gAY RA SRR ALY &, Wit
BRAR A 1 [ AR T A R 2 R B T e vy 22
HL
33 RSN ENRNhEIRE

TR YA %, B YR R SR
W A T g, A A AR B AR
A R ARG B 0 W A 4 Ja AL 1 A X
i 37, B R A AT ALK, O [ Ak
i

&)@ E ALY (Me,05) 72 )2 IR BE R Eh 26 074
A AR T R TR, i RT ET
Vs, S R A RS i R T
B W AE A AE pH BB AR AT YRR
FZE 0 YR G B &R S ALY, S
BT 220 SOC(IA 3), v i 84k Wy 41 43 T 3 ok
Z v BH B -1y H I C AR 28 4 1, SR AL A1 A
HUARE AR, @i 3 TH o i b 2 i LRk 27
W B0 1 7 S 2 3 s 2 - W AT BILAR ) R B, DA
A 68 DL o3 09 A= W) % il , 328 — 25 s Ak 18] 58
o SR, JCERER A ALY TR )2 09 2 87 W) i W 5
BE S 22 WRAREY, I B R A WL . AR A
B PR E ALY A, SR R B A e A
XU 2 AT G SR AT ) 1) T RN T . AR
KW, U RA SHET ZEEE, SR RN
Fe—O HE AT AT 38 o Be 7 4V FH 5 2 B 25 A 34
B, G R R 3~5 A0TSR R
T FREE N T 575 HLAK (Organic Carbon, OC ) 1) 22 fi
Ples, EAR T —OH 5 OC MR I M 23 &
AR, SRR IE R G451, 2R
220 A, BRI T T R T R OC 1y ik
R BB 1, JC T AR OC W B B8 ) 42 55 A B 4 (Cn
I ) 3R THREOR A B peAh, B ST A
“HHLEE)ZTHLE CRIA AL WA EAE ) 2 B
AP EZIZRZ — flan, RIRE R
TSR AL Z, VT8 B K AR B AR
14 X NOC M g /17

JI A G0 el SRR AR . KR Bl
FOE T AT R AR (<250 pm) o RS AL D AN ZE 0™



B IAESE LR Y AL G O R 59

P vAiRE
0 BREER EF L
B K T
< AT

3 FruY-SELWE SEYEER
Fig. 3 Synergistic carbon sequestration by clay mineral-

iron oxide complexes

Wy (s 04 ) S B P SR AR T i 4 S e e 45 70
AT E TR AL R, B R B
Yy AH, 38 1 Fe/Al 45 1 38 SOC Fa i 1™, 52
AR ALY B = 0 A R 2 3 Tk B
HAES,

B0 5 R A ALK A T LL BE R 4 1
R IRl O R AR o (35T w97 N = 1
F - BRI ek 3 MR R, - HEA HLER
fitg i S BB S o e I A s 1l P B 8 1K
EHRRTHE T, W s Ak AR 1 Ay, TR
PEPEBEEIZ (0~5 cm) H A HLER Y 78, LA
PR BB A S IR A 3k 250", ILAh, +HER Wi
ANFEAEX SOC B AEFETSTESZ A, LA I8 1 —
TR 7 B 2H A Ok T IR TA - R 1R &R B
ARG 2 R AR (p<0.05), s R S Ak B
frae ",

NIU %77 5% SRR A - TR 38 B 3R o, 4
SE AR 1 A Sk 1 A a4 A
N RAVER, Rk st | Sis s i/ N T
A LY AL M SR K P | AR B I KA A L
Y, 31 58/ -0 Y BELSIE B MAOC, MR R Bk
B IR T H 0TS &R A Dl R e
YER, A5 2 22 ROBERIL BRE s SO0 -l 3k ik
SR 5 A AL A A ML R, AL 5
T A R TE B BRAR P, 7 0 AR 48 fL 34 D
Bl A RS HR R SRR

4 WRERERXR AT Y El R

BRIRELE W) O A7 . A A1 55) A 32X
e . m B ORI SR A R R R R R, A
1ET T 55 R XA E5 B KA B
KB R IX R (b [ P B R X ELR
TR AR B R R3Ot FH A ) e 3%
R0 T A R L T A P 2 2 Ty T

FED IR -5 T R A ML, 3 R e+ 8 G
BURIAT AR 2 22 18] AP

T REX A, SOC By RE A F 2K T
PEE S AERH . REAE LR EN
[ B 785 7, WIS 5 H [ i 38 38 3k ey T A T
DU, L ST M X 0 SOC it 3 o 36 K, e e
AT kR iR X A 3.5 457, B7E% 2 T,
TCHUBR B4 [ 2 AT o5 3 T S . 5 Rl A5 4L
T P 1 0 R A5 18 2 5 i g ik, — o SRR A R T
R R BRI AL

FERS M 58, J7 ff A 5  AMEA BL A T 38
W IVE T T YA LR A T 5H L
S HR I R A 3 PR 45 B T R TR G 45 £
L) G S LB, AT BB 5 i A 4 11 422
floh o TR A T LA B W B AN AL SOC™ i,
5 B o R o 381 i A % A A5 8 A Ao A
AW A K B9 7 A7 (1014) T oy A, 38 5 ik
N T 4 At A 9 R A 23 Y B R R
ST R R e R A, R KR
(e v, KA LR B 2 e 1 2 E sk FLBR v, JF
W F oA LY

B A L 8 G | R R % i S A T
A7, A MUK AT 3 1 i A R AR P R 5 e
Wi BT e T o A o LA 5, AE R b A b 1
Herp, Ca”", Mg il i # LB 5 SOC T B BH 25
TR, 3% —1EH AL RE N 55 G LAk 5 7 ) 2 1 (7]
FOHERR T, BEREVE MR, 4 R T BB )
KW SHVLRCNEHR) MR RIEETRE
PR, S AR R B WL 1 AR I B
WFIE B, AT A 254 P 45 5 4 BL— 40 [ 11 e
B, T B RSN A RERAT

5 ZFRERE

B HEAE S i M A 2 R G P R ORI A BILBR A,
FEE Rt A9 0 %) 4 BR S Bl h A H
PR EA B RE AR S AR R A% 0L
i 7E T A PR 1 18] B9 AR ELAE T, e R R | 2%
EENE SRS 2 k7B Ay MBS a2 S
T AL MR A %R AR EATEGR
HOE7I g R R E7/BE 7S A (Y NI R SR IR S
(14 Bl A 0 e ik 8, o RIS .
SCHIGEAN TR 2 7 - ™y (CAn e 06 A 25 J2 AR B R
B LY RN AACY) . BRIR LA AR ) TE [ Bk
AR RO FIALE], RGT R TR A S R ]



- 60 - (LR N T T

39 E5H 6 M

RN GE T ZAL, I XA ) B 4 2 L ) ] Btk 55
HREEIAT X, T AR A
FB AT LAZE FEM LA O7 TR AT ST

(1) T 7 AL e B AN 2 o A AR 5 2 IR A
PR AL 2 L Wy 2 B RE AT (s | ek 4 2 ) 1Y
Or FEE A L Can U | OO AT B = 3 A
Foo M <) A5 A DURBRAH AR A S AL ik I
BRI TEA L o BRIRER S Yy B I TG 1
SUIRSRE W AN BAR I e 8 rp— P DL X A7 BILBRRE T 114
o) k= R AL, B SRR s sS HARH]
BeARAL

(2) Z 5 Yy O R S S5 . s 2
YR (N F -G R A Y E S # L
BRIRERIR SR ZR), PP R] o 4+ 181 A HLAR A B
il 4 R R GE AR

(3) K il 2 R R SR E A BE . AR
22 R TE S I B S5, A ) — A LA S R B
T vECmaBretl . AL ks 54k ) Bk = )i
(UL B, JEHOR A AR RUEE T 1 3h 2800

(4) WAV - YA R BAEHLH B2 0% 0 3L
A= W3 B Can o3 A . AN ) A el 6 P20 )
XA AL B4 R 5 1, A KA OR3P A L
{14 A= 4 T A AT AN I

£ Z X HR ( References ) :

[1] ZHAO Jiangjia, MINASNY B, SETIA R, et al. Global
distribution and predictors of the mineral-associated to total
soil organic carbon ratio: An indicator of soil carbon stabil-
ity[J]. Earth Critical Zone, 2025, 2: 100035.

[2] ZHANG Zhenrui, GAO Hui, GAO Xiaoxia, et al. Short-
term warming supports mineral-associated carbon accrual in
abandoned croplands[J]. Nature Communications, 2025,
16(1): 344.

[3] ZHAO Yao, OTERO FARINA A, XIAO Keqing, et al.
The mobility and fate of Cr during aging of ferrihydrite and
ferrihydrite organominerals[J]. Geochimica et Cosmochimica
Acta, 2023, 347: 58-71.

[4] TANG Jinyun, RILEY W J. Weaker soil carbon—climate
feedbacks resulting from microbial and abiotic interactions[J].
Nature Climate Change, 2015, 5: 56—60.

[5] WEI Xiaorong, SHAO Mingan, GALE W, et al. Global
pattern of soil carbon losses due to the conversion of forests
to agricultural land[J]. Scientific Reports, 2014, 4: 4062.

[6] KAN Zhengrong, LIU Wenxuan, LIU Wensheng, et al.
Mechanisms of soil organic carbon stability and its response
to no-till: A global synthesis and perspective[J]. Global
Change Biology, 2022, 28(3): 693-710.

(7]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

SOKOL N W, WHALEN E D, JILLING A, et al. Global
distribution, formation and fate of mineral-associated soil
organic matter under a changing climate: A trait-based
perspective[J]. Functional Ecology, 2022, 36(6): 1411-
1429.

GEORGIOU K, JACKSON R B, VINDUSKOVA O, et
al. Global stocks and capacity of mineral-associated soil
organic carbon[J]. Nature Communications, 2022, 13( 1):
3797.

LIU Chengzhu, WANG Simin, ZHAO Yunpeng, et al.
Enhanced microbial contribution to mineral-associated
organic carbon accrual in drained wetlands: Beyond direct
lignin-iron interactions[J]. Soil Biology and Biochemistry,
2023, 185: 109152.

CHEN Rong, YIN Liming, WANG Xiaohong, et al.
Mineral-associated organic carbon predicts the variations in
microbial biomass and specific enzyme activities in a subtrop-
ical forest[J]. Geoderma, 2023, 439: 116671.
UNDERWOOD T R, BOURG I C, ROSSO K M. Mineral-
associated organic matter is heterogeneous and structured by
hydrophobic, charged, and polar interactions[J]. Proceed-
ings of the National Academy of Sciences of the United States
of America, 2024, 121(46): €2413216121.

KANG Jie, QU Chenchen, CHEN Wenli, et al. Organo-
organic interactions dominantly drive soil organic carbon
accrual[J]. Global Change Biology, 2024, 30(1): el7147.
ISLAM M R, SINGH B, DIJKSTRA F A. Stabilisation of
soil organic matter: Interactions between clay and
microbes[J]. Biogeochemistry, 2022, 160(2): 145-158.
TORN M S, TRUMBORE S E, CHADWICK O A, et al.
Mineral control of soil organic carbon storage and
turnover[J]. Nature, 1997, 389: 170-173.

HECKMAN K, LAWRENCE C R, HARDEN J W. A
sequential selective dissolution method to quantify storage
and stability of organic carbon associated with Al and Fe
hydroxide phases[J]. Geoderma, 2018, 312: 24-35.
SINGH M, SARKAR B, SARKAR S, et al. Stabilization
of soil organic carbon as influenced by clay mineralogy[M]//
Advances in Agronomy. Amsterdam: Elsevier, 2018:
33-84.

TAMRAT W Z, ROSEJ, GRAUBY O, et al. Soil organo-
mineral associations formed by co-precipitation of Fe, Si and
Al in presence of organic ligands[J]. Geochimica et
Cosmochimica Acta, 2019, 260: 15-28.

KIRSTEN M, MIKUTTA R, VOGEL C, et al. Iron oxides
and aluminous clays selectively control soil carbon storage
and stability in the humid tropics[J]. Scientific Reports,
2021, 11(1): 5076.

EZE S, PALMER S M, CHAPMAN P J. Soil organic
carbon stock and fractional distribution in upland
grasslands[J]. Geoderma, 2018, 314: 175-183.

GAOJ, JANSEN B, CERLIC, et al. Organic matter coat-


https://doi.org/10.1016/j.ecz.2025.100035
https://doi.org/10.1038/s41467-024-55765-y
https://doi.org/10.1016/j.gca.2023.02.021
https://doi.org/10.1016/j.gca.2023.02.021
https://doi.org/10.1038/nclimate2438
https://doi.org/10.1038/srep04062
https://doi.org/10.1111/gcb.15968
https://doi.org/10.1111/gcb.15968
https://doi.org/10.1111/1365-2435.14040
https://doi.org/10.1038/s41467-022-31540-9
https://doi.org/10.1016/j.soilbio.2023.109152
https://doi.org/10.1016/j.geoderma.2023.116671
https://doi.org/10.1111/gcb.17147
https://doi.org/10.1007/s10533-022-00956-2
https://doi.org/10.1038/38260
https://doi.org/10.1016/j.geoderma.2017.09.043
https://doi.org/10.1016/j.gca.2019.05.043
https://doi.org/10.1016/j.gca.2019.05.043
https://doi.org/10.1038/s41598-021-84777-7
https://doi.org/10.1016/j.geoderma.2017.11.017

HIEFES LKA Y BRALEH A5 R - 61 -

[21]

[22]

[23]

[24]

(23]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

ings of soil minerals affect adsorptive interactions with
phenolic and amino acids[J]. European Journal of Soil
Science, 2018, 69(4): 613—624.

X4, wLEE, WAIE, 5 IR W2 EN A Lk

B RRER” [ E LR B AT (0] PR HUsRR
2, 2024, 54(11): 3664-3667.
LIU Dong, HUANG Chuangin, XIAO Keqing, et al

"Super-stable" interlayer organic carbon in soil clay minerals
and its impact on soil carbon sequestration[J]. Scientia Sinica
(Terrae), 2024, 54(11): 3664-3667.

WANG W J, DALAL R C, MOODY P W, et al. Relation-
ships of soil respiration to microbial biomass, substrate
availability and clay content[J]. Soil Biology and Biochem-
istry, 2003, 35(2): 273-284.

FRANZLUEBBERS A J. Microbial activity in response to
water-filled pore space of variably eroded southern Piedmont
soils[J]. Applied Soil Ecology, 1999, 11(1): 91-101.
KRAMER M G, CHADWICK O A. Climate-driven thresh-
olds in reactive mineral retention of soil carbon at the global
scale[J]. Nature Climate Change, 2018, 8: 1104-1108.
LALONDE K, MUCCI A, OUELLET A, et al. Preserva-
tion of organic matter in sediments promoted by iron[J].
Nature, 2012, 483(7388): 198-200.

LENHARDT K R, BREITZKE H, BUNTKOWSKY G, et
al. Interactions of dissolved organic matter with short-range
ordered  aluminosilicates by
precipitation[J]. Geoderma, 2022, 423: 115960.

KLEBER M, EUSTERHUES K, KEILUWEIT M, et al.

adsorption and  co-

Mineral-organic associations: Formation, properties, and
environments[M]//BERTHELIN J,
HUANG P M, BOLLAG J M, et al, eds. Advances in
Agronomy. Amsterdam: Elsevier, 2015: 1-140.

LI Xiaowen, YANG Jian, CHEN Chunzhao, et al. Effects

relevance in  soil

of mineral adsorption on the molecular composition of soil

dissolved organic matter:  Evidence from

analyses[J]. Chemical Geology, 2024, 669: 122352.
CHEN Hongfeng, LI Qi, WANG Mingxia, et al. XPS and

spectral

two-dimensional FTIR correlation analysis on the binding
characteristics of humic acid onto kaolinite surface[J].
Science of the Total Environment, 2020, 724. 138154.

CHEN Yueting, WANG Yue, WANG Xugqin,

Effects of short-term acidification on the adsorption of

et al.

dissolved organic matter by soil minerals and its mechanism
of action[J]. Minerals, 2023, 13(11): 1448.

MEENA R K, VERMA A K, KUMAWAT C, et al
Impact of clay mineralogy on stabilization of soil organic
carbon for long-term carbon sequestration[J]. International
Journal of Current Microbiology and Applied Sciences,
2017, 6(5): 2157-2167.

BOMPOTI N, CHRYSOCHOOU M, MACHESKY M.
Surface structure of ferrihydrite:

surface charge[J]. Chemical Geology, 2017, 464: 34-45.

Insights from modeling

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[43]

LIU Hongfei, YANG Xiaomei, LIANG Chutao, et al.
Interactive effects of microplastics and glyphosate on the
dynamics of soil dissolved organic matter in a Chinese loess
soil[J]. Catena, 2019, 182: 104177.

KEIL R G, MAYER L M. Mineral matrices and organic
matter[M]//Treatise on Geochemistry. Amsterdam: Else-
vier, 2014: 337-359.

LUTZOW M V, KOGEL KNABNER A I, EKSCHMITT
A K, et al. Stabilization of organic matter in temperate
soils: Mechanisms and their relevance under different soil
conditions—A review[J]. European Journal of Soil Science,
2006, 57(4): 426-445.

RABE M, VERDES D, SEEGER S. Understanding protein
adsorption phenomena at solid surfaces[J]. Advances in
Colloid and Interface Science, 2011, 162(1-2): 87-106.
SRR, WATDF. IO (M]. JER: Bl R,
2013.

ZHOU Jianmin, SHEN Renfang. Dictionary of soil
science[M]. Beijing: Science Press, 2013.

CHURCHMAN GJ, SINGHM, SCHAPEL A, et al. Clay
minerals as the key to the sequestration of carbon in soils[J].
Clays and Clay Minerals, 2020, 68(2): 135—143.
SCHWEIZER S A, BUCKA F B, GRAF ROSENFELL-
NER M, et al. Soil microaggregate size composition and
organic matter distribution as affected by clay content[J].
Geoderma, 2019, 355: 113901.

SCHWEIZER S A, MUELLER C W, HOSCHEN C, et al.
The role of clay content and mineral surface area for soil
organic carbon storage in an arable toposequence[J]. Biogeo-
chemistry, 2021, 156(3): 401-420.

SAIDY A R, SMERNIK RJ, BALDOCK J A, et al. The
sorption of organic carbon onto differing clay minerals in the
presence and absence of hydrous iron oxide[J]. Geoderma,
2013, 209: 15-21.

STONER S, TRUMBORE S E, GONZALEZ PEREZ J
A, et al. Relating mineral-organic matter stabilization mech-
anisms to carbon quality and age distributions using ramped
thermal analysis[J]. Philosophical Transactions of the Royal
Society A: Mathematical,
Sciences, 2023, 381(2261): 20230139.

KOME G K, ENANG R K, TABIF O, et al. Influence of
clay minerals on some soil fertility attributes: A review[J].
Open Journal of Soil Science, 2019, 9(9): 155-188.
R, EAU, BB SRS A Y 5 R e
A BB AR CR [J] BB AL, 2010, 31(11) -
2748-2755.

HENG Lisha, WANG Daizhang, JIANG Xin, et al. Rela-

Physical and Engineering

tionship between Fe, Al oxides and stable organic carbon,
soils[J].
Science, 2010, 31(11): 2748-2755.

HE Yujie, TRUMBORE SE, TORNM S, et al. Radiocar-

nitrogen in the yellow-brown Environmental

bon constraints imply reduced carbon uptake by soils during


https://doi.org/10.1111/ejss.12562
https://doi.org/10.1111/ejss.12562
https://doi.org/10.1360/SSTe-2024-0120
https://doi.org/10.1360/SSTe-2024-0120
https://doi.org/10.1360/SSTe-2024-0120
https://doi.org/10.1360/SSTe-2024-0120
https://doi.org/10.1360/SSTe-2024-0120
https://doi.org/10.1360/SSTe-2024-0120
https://doi.org/10.1016/S0038-0717(02)00274-2
https://doi.org/10.1016/S0038-0717(02)00274-2
https://doi.org/10.1016/S0038-0717(02)00274-2
https://doi.org/10.1016/S0929-1393(98)00128-0
https://doi.org/10.1038/s41558-018-0341-4
https://doi.org/10.1038/nature10855
https://doi.org/10.1016/j.geoderma.2022.115960
https://doi.org/10.1016/j.chemgeo.2024.122352
https://doi.org/10.1016/j.scitotenv.2020.138154
https://doi.org/10.3390/min13111448
https://doi.org/10.1016/j.chemgeo.2016.12.018
https://doi.org/10.1016/j.catena.2019.104177
https://doi.org/10.1111/j.1365-2389.2006.00809.x
https://doi.org/10.1016/j.cis.2010.12.007
https://doi.org/10.1016/j.cis.2010.12.007
https://doi.org/10.1007/s42860-020-00071-z
https://doi.org/10.1016/j.geoderma.2019.113901
https://doi.org/10.1007/s10533-021-00850-3
https://doi.org/10.1007/s10533-021-00850-3
https://doi.org/10.1098/rsta.2023.0139
https://doi.org/10.1098/rsta.2023.0139
https://doi.org/10.1098/rsta.2023.0139
https://doi.org/10.1098/rsta.2023.0139
https://doi.org/10.1098/rsta.2023.0139
https://doi.org/10.1098/rsta.2023.0139
https://doi.org/10.1098/rsta.2023.0139
https://doi.org/10.4236/ojss.2019.99010

$ 62 - (LR N T T

39 E5H 6 M

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

the 21st century[J]. Science, 2016, 353( 6306) :
1424.
CHEN Yanhua, GLAUS M A, VAN LOON L R, et al.

1419-

Transport of low molecular weight organic compounds in
compacted illite and kaolinite[J]. Chemosphere, 2018,
198: 226-237.

HAN Lanfang, SUN Ke, JIN Jie, et al. Some concepts of
soil organic carbon characteristics and mineral interaction
from a review of literature[J]. Soil Biology and Biochem-
istry, 2016, 94: 107-121.

WANG Chao, LI Fuchun, SHI Huanzhi, et al. The signifi-
cant role of inorganic matters in preservation and stability of
soil organic carbon in the Baoji and Luochuan loess/paleosol
profiles, Central China[J]. Catena, 2013, 109: 186—194.
JIA Nan, LI Lei, GUO Hui, et al. Important role of Fe
oxides in global soil carbon stabilization and stocks[J]. Nature
Communications, 2024, 15(1): 10318.

SPARKS D L, SINGH B, SIEBECKER M G. An introduc-
tion to environmental soil chemistry[M]//Environmental Soil
Chemistry. Amsterdam: Elsevier, 2024: 1-38.

HALL S J, THOMPSON A. What do relationships between
extractable metals and soil organic carbon concentrations
mean?[J]. Soil Science Society of America Journal, 2022,
86(2): 195-208.

ERAE, =i, BJEE, % B DAY R REN
W (], L2, 2018, 55(5): 1041-1050.
WANG Luying, QIN Lei, LYU Xianguo, et al. Progress
in researches on effect of iron promoting accumulation of soil
organic carbon[J]. Acta Pedologica Sinica, 2018, 55(5):
1041-1050.

KLEBER M, BOURG I C, COWARD E K,

Dynamic

et al.

interactions at the mineral-organic matter
interface[J]. Nature Reviews Earth & Environment, 2021,
2: 402-421.

SOKOL N W, SLESSAREV E, MARSCHMANN G L, et
al. Life and death in the soil microbiome: How ecological
processes influence biogeochemistry[J]. Nature Reviews
Microbiology, 2022, 20(7): 415-430.

CHEN Chunmei, HALL S J, COWARD E, et al. Iron-
mediated organic matter decomposition in humid soils can
counteract protection[J]. Nature Communications, 2020,
11(1): 2255.

LONGMAN J, FAUST J C, BRYCE C, et al. Organic
carbon burial with reactive iron

across  global

environments[J]. Global Biogeochemical Cycles, 2022,
36(11): €2022GB007447.

HEMINGWAY J D, ROTHMAN D H, GRANT K E, et
al. Mineral protection regulates long-term global preservation
of natural organic carbon[J]. Nature, 2019, 570(7760) :
228-231.

RIBWT, XU, 38k W I8 355 A A3 Bk [ E iF
PRI [7]. A7, 2021, 41(20): 7928-7938.

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

SONG Xuxin, LIU Tongxu. Effects of soil iron mineral
transformation on organic carbon sequestration: A review[J].
Acta Ecologica Sinica, 2021, 41(20): 7928-7938.

LYU Jitao, ZHANG Shuzhen, WANG Songshan, et al.
Molecular-scale investigation with ESI-FT-ICR-MS on frac-
tionation of dissolved organic matter induced by adsorption
on iron oxyhydroxides[J]. Environmental Science & Technol-
ogy, 2016, 50(5): 2328-2336.

HAN Xiaohua, TOMASZEWSKI E J, SORWAT J, et al.
Effect of microbial biomass and humic acids on abiotic and
biotic magnetite formation[J]. Environmental Science &
Technology, 2020, 54(7): 4121-4130.

CHEN Chunmei, KUKKADAPU R, SPARKS D L. Influ-
ence of coprecipitated organic matter on Fei;’)—catalyzed
transformation of ferrihydrite: Implications for carbon
dynamics[J]. Environmental Science & Technology, 2015,
49(18): 10927-10936.

HU Shiwen, LU Yang, PENG Lanfang, et al. Coupled
kinetics of ferrihydrite transformation and As( V) sequestra-
tion under the effect of humic acids: A mechanistic and
quantitative study[J]. Environmental Science & Technol-
ogy, 2018, 52(20): 11632—-11641.

HU Shiwen, LIANG Yuzhen, LIU Tongxu, et al. Kinetics
of As( V) and carbon sequestration during Fe( Il ) -induced
transformation of ferrihydrite-As( V') -fulvic acid coprecipi-
tates[J]. Geochimica et Cosmochimica Acta, 2020, 272:
160-176.

COWARD E K, OHNO T, PLANTE A F. Adsorption and
molecular fractionation of dissolved organic matter on iron-
bearing mineral matrices of varying crystallinity[J]. Environ-
mental Science & Technology, 2018, 52(3): 1036—1044.
GIANNETTA B, SIEBECKER M G, ZACCONE C, etal.
Iron( Il ) fate after complexation with soil organic matter in
fine silt and clay fractions: An EXAFS spectroscopic
approach[J]. Soil and Tillage Research, 2020, 200:
104617.

BOGUTA P, D'ORAZIO V, SENESIN, et al. Insight into

the interaction mechanism of iron ions with soil humic acids.

The effect of the pH and chemical properties of humic

acids[J]. Journal of Environmental Management, 2019,
245: 367-374.
CURTI L, MOORE O W, BABAKHANI P, et al

Carboxyl-richness controls organic carbon preservation
during coprecipitation with iron (oxyhydr)oxides in the natu-
ral environment[J]. Communications Earth & Environment,
2021, 2: 229.

PETRIDIS L, AMBAYE H, JAGADAMMA S, et al.
Spatial arrangement of organic compounds on a model
mineral surface: Implications for soil organic matter stabi-
lization[J]. Environmental Science & Technology, 2014,
48(1): 79-84.

DI IORIO E, CIRCELLI L, ANGELICO R, et al. Envi-


https://doi.org/10.1126/science.aad4273
https://doi.org/10.1016/j.chemosphere.2018.01.137
https://doi.org/10.1016/j.soilbio.2015.11.023
https://doi.org/10.1016/j.soilbio.2015.11.023
https://doi.org/10.1016/j.soilbio.2015.11.023
https://doi.org/10.1016/j.catena.2013.04.001
https://doi.org/10.1038/s41467-024-54832-8
https://doi.org/10.1038/s41467-024-54832-8
https://doi.org/10.1002/saj2.20343
https://doi.org/10.1038/s41579-022-00695-z
https://doi.org/10.1038/s41579-022-00695-z
https://doi.org/10.1038/s41467-020-16071-5
https://doi.org/10.1029/2022GB007447
https://doi.org/10.1038/s41586-019-1280-6
https://doi.org/10.1016/j.gca.2020.01.002
https://doi.org/10.1016/j.still.2020.104617

HIEFES LKA Y BRALEH A5 R 63 -

[70]

[71]

[72]

[73]

[74]

[75]

[76]

ronmental implications of interaction between humic

substances and iron oxide nanoparticles: A review[J].
Chemosphere, 2022, 303: 135172.

CHASSE AW, OHNO T, HIGGINS SR, et al. Chemical
force spectroscopy evidence supporting the layer-by-layer
model of organic matter binding to iron ( oxy) hydroxide
mineral surfaces[J]. Environmental Science & Technology,
2015, 49(16): 9733-9741.

MOORE O W, CURTIL, WOULDS C, et al. Long-term
organic
manganese[J]. Nature, 2023, 621(7978): 312-317.
ALLARD S, GUTIERREZ L, FONTAINE C,

Organic matter interactions with natural manganese oxide and

carbon preservation enhanced by iron and

et al.

synthetic birnessite[J]. Science of the Total Environment,
2017, 583: 487-495.

JOHNSON K, PURVIS G, LOPEZ CAPEL E,
Towards a mechanistic understanding of carbon stabilization
2015,

et al.

in manganese oxides[J]. Nature Communications,
6: 7628.

CHURCHMAN G J. Is the geological concept of clay miner-
als appropriate for soil science? A literature-based and philo-
sophical analysis[J]. Physics and Chemistry of the Earth,
Parts A/B/C, 2010, 35(15-18): 927-940.

SIX J, BOSSUYT H, DEGRYZE S, et al. A history of
research on the link between (micro) aggregates, soil biota,
and soil organic matter dynamics[J]. Soil and Tillage
Research, 2004, 79(1): 7-31.

DAS A, PURAKAYASTHA TJ, AHMED N, et al. Influ-

ence of clay mineralogy on soil organic carbon stabilization

[77]

(78]

[79]

[80]

(81]

(82]

[83]

under tropical climate, India[J]. Journal of Soil Science and
Plant Nutrition, 2023, 23(1): 1003-1018.

NIU Cuiyun, WENG Liping, LIAN Wanli, et al. Carbon
sequestration in paddy soils: Contribution and mechanisms
of mineral-associated SOC formation[J]. Chemosphere,
2023, 333: 138927.

ZHU Xiaocong, MA Mingguo, TATENO R, et al. Effects
of vegetation restoration on soil carbon dynamics in karst and
non-karst regions in Southwest China: A synthesis of multi-
source data[J]. Plant and Soil, 2022, 475(1): 45-59.
BREG VALJAVEC M, ANDRAZ C, DANIEL Z, et al.
Soil organic carbon stock capacity in karst dolines under
different land uses[J]. Catena, 2022, 218: 106548.
ROWLEY M C, GRAND S, VERRECCHIA E P. Calcium-
mediated stabilisation of soil organic carbon[J]. Biogeochem-
istry, 2018, 137(1): 27-49.

CHI Jialin, ZHANG Wenjun, WANG Lijun, et al. Direct
observations of the occlusion of soil organic matter within
calcite[J]. Environmental Science & Technology, 2019,
53(14): 8097-8104.

FERNANDEZ UGALDE O, VIRTO I, BARRE P, et al.
Mechanisms of macroaggregate stabilisation by carbonates:
Implications for organic matter protection in semi-arid
calcareous soils[J]. Soil Research, 2014, 52(2): 180.
QAFOKU O, ANDERSEN A, KEW W R, et al. Selective
interactions of soil organic matter compounds with calcite and
the role of aqueous Ca[J]. ACS Earth and Space Chemistry,
2022, 6(7): 1674-1687.


https://doi.org/10.1016/j.chemosphere.2022.135172
https://doi.org/10.1038/s41586-023-06325-9
https://doi.org/10.1016/j.scitotenv.2017.01.120
https://doi.org/10.1038/ncomms8628
https://doi.org/10.1016/j.pce.2010.05.009
https://doi.org/10.1016/j.pce.2010.05.009
https://doi.org/10.1016/j.pce.2010.05.009
https://doi.org/10.1016/j.still.2004.03.008
https://doi.org/10.1016/j.still.2004.03.008
https://doi.org/10.1007/s42729-022-01099-x
https://doi.org/10.1007/s42729-022-01099-x
https://doi.org/10.1016/j.chemosphere.2023.138927
https://doi.org/10.1016/j.catena.2022.106548
https://doi.org/10.1071/SR13234
https://doi.org/10.1021/acsearthspacechem.2c00016

	0 引　　言
	1 土壤矿物与有机碳的作用方式
	1.1 配体交换
	1.2 静电作用
	1.3 范德华力
	1.4 氢　键

	2 层状硅酸盐黏土矿物固碳
	3 金属氧化物固碳
	3.1 铁铝氧化物
	3.2 锰氧化物
	3.3 金属氧化物对有机碳的协同稳定

	4 碳酸盐次生矿物固碳
	5 结论与展望
	参考文献

