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Abstract: Wildfire is an important natural disturbance affecting terrestrial ecosystem carbon cycling under global change, and
the increasing frequency and intensity of wildfire events are continuously reshaping the migration, transformation, and
stabilization of post-fire soil organic carbon. This review focuses on the structural and interfacial mechanisms of soil organic
carbon stabilization following wildfire disturbance and systematically synthesizes the roles of soil structural change, mineral
interfacial reactions, and microbial processes in regulating post-fire carbon pool dynamics. Wildfire first causes rapid losses of
surface soil organic carbon through high-temperature combustion and pyrolysis, while also inducing aggregate breakdown,
pore structure reorganization, enhanced soil water repellency, and intensified runoff and erosion. These changes alter the
exposure of organic carbon, its vertical migration within soil profiles, and its lateral redistribution from hillslopes to
depositional zones. At the same time, thermally induced dehydroxylation of clay minerals, crystallization of iron and aluminum
oxides, and the formation of pyrogenic mineral phases can reshape mineral surface reactivity and interfacial binding conditions.
These effects do not simply increase or decrease mineral protection, but depend on fire severity, mineral composition, heating
duration, and soil background conditions, thereby influencing the pathways and efficiency by which pyrogenic dissolved
organic matter, pyrogenic carbon, plant-derived organic matter, and microbial necromass enter mineral protection systems. At
the biological level, post-fire microbial communities undergo a successional shift from rapid reassembly to metabolic strategy
transition. In the early stage, microbial activity promotes rapid turnover of labile carbon, whereas in later stages, enzymatic
oxidation, metabolite release, necromass accumulation, and microbe—mineral electron transfer can drive the transformation of
organic carbon from labile or mobile forms toward mineral-associated and physically protected states. Overall, the evolution
of post-fire soil carbon pools is not governed by any single process but results from the combined effects of structural
disturbance, erosion—deposition redistribution, mineral interfacial reconstruction, and microbial transformation. A systematic
synthesis of these processes and their coupling relationships is important for improving mechanistic understanding of soil
carbon stabilization under wildfire disturbance and for supporting post-fire carbon sink assessment and ecosystem management.
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DURRIX, AHRTRL. A BB LA A Fe/Al EACAAT[RID &4, HHGUE FH wT BRI AR S5 1 A= P e B kL
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Table 1 Mineral-mediated organic carbon protection mechanisms after wildfire, their main targets, and controlling factors

PSR FEERX R PRI R FarE R RPN
Protection mechanism Main targets Controlling factors Stabilization effect References
E7/pEaRE BEANL. PyC. HIRREA ., PR LB, LB FRIREY A Ak, AL [25, 28]
TR g5k, PIBIE TRAE 3 P T B I ]
F T Y pyDOM. 75 &I H PRI, RIMABA. BaE  REEVER b RS RT Y [28.32, 35]
I WEEMIRIEAN Y TH Fi3e28, 43 pH e did
B
Bo 4 & 5T EREMBFIENENY  Fo/AlBAWEE. ZMHEET. BRBRENEI-THES [32-33,39]
T ¥4 pyDOM. A4Y AL R %A &, & MAOC JE ) T 2%
Btk 1%
TY-RUE RS BRI AR, ISR FERRE . AN WG FRE R RE AT, B [8,17,34]
R ARG NAT A B P EHORI EIRNA N s G 5 Ry

2 WS B W % Bt R R 4

A 3B A% LIRS Fy,  HAREHE SN AR A WU 7 il B A -5 ok %,
R E ALK F) B RE PRSI AR N AR o B K38 Sl 385 5 s AL Ve SR D 2B A, 4T iR R
(e PRV S50 5 DhRe T4, FRHESNFL AR I ARBPIRS AR S g 48 . BRI S, KEAEY)
Wi N, ELAT B S Bt AR IO A SR A, R IO AR U7 SO ) R R R A A
(RS, IR IR AE DD RARAR R AN R R ZR o DRI, A2 ) B AT R s oK v 1k
Brdi sk, W] REE RN RAE N WE SIS 55 ke .

2.1 BFREFEEAM BB BN R TR LA RIR 4

HF O DT I AR5 ) o B A2 B KR L R [A) R MK I K PR ) o e e B T K AT A
TR ZR T 400 °C, BEEIR KR IBURMETRIAEY), SEUEY A& SR IR R B
WA E MO, MHLLZ N, AR FEET KA G R 7 Dy Re A = BE R8N, AR A V& 2544
[41],

KIGHABEAN, WAEYBEEANDOSE R BB i AR AR E
B, A 2 IR PEANTR 1) ron B 798 UK, ARSHS IR 0, BEVA SRS S E IR AL, e 4R
(1) K-S ) & 78 7R 8 L PO TE 1) r- SRS AR 00 3], X — 3R 5 pyDOM Fkif U N Z V1A G,
S5 HH AR AT % R R TP B g R 301

ARG, A E K e R A 84— 8. IR AE Kk L 28w R T o2 D REHE I
A FETRATRRAR A, KOE 3 pH TSR B S BRSO RT IR 22 ER I P4 B AN B2 TR G G s T E B
JRAES RS, THRIE R I gl T AR SRR R EE A, AR IR DI RE R R 2 AR
SEVENS], IR Ui W], KRR AR R T B REE, AR SRR L R AL I R B
VRALEE S AL R RE T o MRS AR, 20 TR RN 50 B 90 IRt 1D S AN () g o T RUBE o A DR TR AE 3 28
6 N H WA E B BT 2 FEVER) 60%~80%, T B F V& 1 S I (] U — AR 033340 X 5 2Kk
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BRI, MAEM AR B IUR A EWRE LSRRI KR . SRk TE bR 1 2 Sk
Vb= P B AL SR VR B, Tl S A Dh RS R T AR S5 SR s . ThRE R RIA .
VBt ae AP A S AR AR AR B KR R AT FU AR B, A RETE AR AL B A W R A R
flan, ERMKKE 3~4 FRREDRET, R TR IR IERAL, 28 3 4F LUR A SRR
IAREE, 56 4 4029 A B A0 [ R0 B N 3T 3 U B K G T A P P R 3 A & T 4 T B4R 50 i
WE, mRL P — A hEH K E R DR BARESLE R I, K5 9w T REAE SO PRI
ZREPERTY, (BEE R TR KRB AEIAAR SCIT REAS AT RE 7R B A Re B T AR E
2.2 BB T RAER R S TR E R REEN

FERE A PR R AL )5, S BV R A D7 SR I i th 2> R AR WY S B . B K
IR AU, RBETBORESR . I IR AN A BE i R 55 2 PR, X 8 JER ) 2 100 s 0 A b /K
B (GHs) A1 - & B S (bglX) S50 AR BEAN SCHE DR A ZRIE, AT SRp I A= P00 FE D RE TG P IR )
PR FIIS), fEIX— BB, IR E S R N, KEETER L COo FEABRS 34, Ha]H 7
R, BRI TERR AL AR RO 0 e 5 S My K-SR 7] r- SR e AR DA O, 3R
AABCRIU AR IIPIR G55, A5 S AL AN R Z= 1M [F H 235 PR 2R 23 Bk = A2 Ak _E Do,

WEE o) B R IZ AR S , A A A B IR B 1) SE XA T I 05 B IR A i s A L . R
JFERAN PyC S AR 5C (1 2 By SR AL o S AL W i A5 S AL BRI 1 5 3800, 3 7 U HL i h 5 PyC
%0y AR O AL R A A e e B 1441, X Dh R AR I AR PyC B DUERIR 20, 1058 2 R ILN
X HRIBIAG AR A BREBIRUAM R, SEr Y —ay i, —#arREaR
BRI 5 5 Fe/Al EMMLEEIFIEN MAOC. IXERE, KGR IR mss, m
FELEANFIR B BURE XTI o A A 1] i SO0 00 2k (R R P PR, SO S8 3 B 7 e AT
HE R A2 73 5 DRI A S

B AR AT AR i — 2D Gl E A SRS o KR BRI S B A A A SRS
KBRS, WAYPRIERE (U Geobacter) W IR 5 LA LT IE AT RIE R RIE, DAAI A R ek
PEM BRI N -2 0 TS U R e N 88, SREULIE (0 Gallionella) YW Beid i {id it 2k
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Fig. 1 Soil microbial responses and carbon stabilization mechanisms under wildfire disturbance
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