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Abstract: Soil serves as a crucial terrestrial reservoir of organic carbon, plays a significant role in
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mitigating climate change and ensures sustainable agricultural production. Iron oxides, as important active
components in soil, are integral to the stabilization and turnover of soil organic carbon. These oxides
interact with organic carbon through processes such as adsorption, co-precipitation, and other mechanisms,
forming relatively stable iron-carbon complexes. Additionally, iron acts as a catalyst in the polymerization
of organic carbon, facilitating the transformation of organic carbon into more stable forms via the Maillard
reaction. However, these protective functions of iron oxides can be modulated by environmental factors,
which may reduce their effectiveness under fluctuating conditions. During redox cycling of iron, iron
oxides can also accelerate the organic carbon turnover by releasing reactive oxygen species and transferring
electrons. This review provides a systematic examination of the mechanisms by which soil iron oxides
influence carbon turnover and sequestration, while also exploring the reciprocal effects of organic carbon
on iron cycling. This study further evaluates the role of environmental factors and key biological processes
in regulating iron-carbon cycling. Particular emphasis is placed on the critical roles of mineral protection
and biological activity constraints in maintaining soil carbon pool stability. Finally, the review proposes
several directions for future research in the iron-carbon field. These include the verification and
quantification of soil organic carbon polymerization reactions, understanding the regulatory role of soil
microzone biological processes on iron-carbon coupling, exploring the trade-offs between organic carbon
fixation and morphological transformation during iron redox processes, and integrating a cross-scale model
for iron-carbon coupling and carbon sink potential assessment. Conducting these studies will facilitate the
accurate analysis of physical-chemical-biological mechanisms of soil iron-carbon coupling and furnish
insights to promote a more profound understanding of iron-carbon dynamics and formulate strategies for
enhancing soil carbon sequestration.

Key words: Soil organic carbon; Iron oxides; Speciation transformation; Carbon turnover; Carbon

sequestration; Environmental factors

T2 2 344 Pe HIAHLEKR, SEHhERERPE I EEA Sy, SR EE. RExse. 2R
f AR A 45 BUE AR OGN AR Z W ST EE X I8 HLAK  (Soil organic carbon, SOC) [&5HIZH L 73 A AL
PAS S NLRIEAT TIRAIRER . A BHFIUEN, B7E SOC [ i B R RBEAIE R, & L1
W% (Mineral carbon pump, MnCP) H [ B B4 Al 43, Hov] DLsaE B . 28 & AL yiie s 4
[ FF 3 WLBk, ik “ 2R N S5HAEYIIIE (Microbial carbon pump, MCP) H[F] & 1E
R4, 55, 2ERERE (0~30cm) HIEHELEEEAG PR (Iron associated organic carbon, FeOC)
it BN 233 Pg C, HEEERE BHHRMEEN 33%£15%05). FeOC 5 SOC Il ¥4 & 54 WLk
(Mineral associated organic carbon, MAOC) B3 IEAHK, RIMEKAMIITE SOC IR Z ALY
REFEEELZEH. AM, AHFifaH, FeOC MR EMZ IR R IFM . R8I AL RIG3
93 HUBRE SE AL BRI I8 JE VA i B v R T8, IR A A AR B 25 0 e gk — 2 23 il A 4L (6
IBAh, H PR T 5 EY 8 A BAE S BRSO A B B . LI LRI A
TEAL MR 5 b AN 2 AL TE 2, AR 1 B AR Bk SR A (1) R N3 4 B 5 A ALk AT 6 4 g 717
DL FT 25 RS0 B BRI L FE T B R A . 2015 4F (BRA EAURRHEZE A L)) 285 21 IRGEZ)
TrReE (EERWE), HEAMAR S Tz ek bt 7 5, SRR LR IZ#
) I AN HE RO SRS OB I RN B . R, SRR SR A e I WUk e B 2 R A R
ZoOAE B B S, Al Dy g B S AN B [ RS2 RL 2 A, b g AR I [ B a5 s 1) )
E TR IR SCRF

http://pedologica.issas.ac.cn



1 BRI L3R 2 70 A B 0 S i

VEON IR B RS ED™Y), BRE M AE R A H R th Iyl 2 M a0, — O, Bk
368 o VR B 1 R DA R A 2R 5 S5 T R G i - 33 e P R R e o 3 — DT, AR S ST N S
RSP (K 1D,

a) ElE: %KEE

Sequestration: Iron-carbon composite

/ y S 3sen 2 R =

I @Wil‘ﬁ ) @/\I)'L/.iﬁ. ) (©ApAEi L3S ) g&aﬂ:%
Adsorption Coprecipitation Aggregate formation IFoh oxides
0<C:Fe<1 6<C:Fe<10 Fe<<C

? KATFENB
* * ‘ : % Macromolecular OC

""""""""""""""""""""" %Q N F A
b) f#k: BARK c) HiR: RN @® Micromolecular OC

Catalysis: polymerization Decomposition: Fenton reaction

i Qo 7 _, ) . ™
& oo e Bo Fet o0 0 EREABNE

® © Geopolymerized OC

IR
Microaggregate

W RO THIBRREL R, REREFMERBOARE. 4 TEEGEN BRI, MRS EIRARN TH
WU EIEE MBI R A TE I = 2 T 26 HUi%. Note: macromolecular organic carbon refers to organic carbon with

relatively stable properties and high molecular weight, such as cellulose and lignin. Geopolymerized organic carbon

\
I
I
I
I
I
I
I
I
I
I
I
I

——
\* Ay
\9/
/TEON
8’%
W

Fe-%@ ]
\ ! \

represents high-molecular-weight organic carbon formed by abiotic catalytic polymerization of small-molecular-weight
organic carbon.
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Fig. 1 Sequestration, catalysis and decomposition of organic carbon by iron in soils
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Fig. 2 Inhibition of iron oxides recrystallization by organic carbon molecules (modified from Hua et all’)
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Fig. 3 Transformation of iron-carbon interactions induced by variations in soil moisture and oxygen levels
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