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Mechanisms of soil organic carbon formation and stabilization under ant-mediated
plant—microbe—mineral coupling
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Abstract Soil organic carbon (SOC) represents the largest active carbon pool in terrestrial ecosystems, and its formation and
stabilization are jointly regulated by biotic processes and abiotic stabilization mechanisms. In recent years, increasing
attention has been paid to the coupled transformation and stabilization mechanisms of plant-derived and microbial-derived
organic carbon. However, the potential role of ants, highly social soil animals, in regulating belowground carbon cycling
remains poorly understood. Here, we reviewed the ecological mechanisms underlying ant-mediated SOC formation and
stabilization, and proposed that ants may regulate plant carbon inputs, microbial transformation, and organic carbon
stabilization through multiple interconnected pathways, including resource redistribution, micro-food web regulation,
bioturbation, and microenvironment remodeling. Based on this perspective, we proposed a conceptual framework of “ant-
mediated plant—-microbe-mineral coupling”, emphasizing that ants, through their social behaviors and ecosystem engineering
effects, may integrate ecological processes including resource transfer, multitrophic interactions, and environmental
modification into a multipath regulatory network, thereby mediating the transformation of plant-derived carbon into
microbial-derived carbon and the formation and stabilization of different SOC pools. This framework expanded the traditional
perspective of SOC research and incorporated ant-mediated multi-process regulation into the theoretical framework of
belowground carbon cycling. Considering current challenges in mechanism elucidation, effect quantification, and cross-scale
integration, we highlighted future research priorities, including functional trait-based analyses, quantitative carbon-flow
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tracing, multitrophic interactions, cross-scale extrapolation, and responses under global change.
Key words ants; soil organic carbon; plant-derived carbon; microbial necromass carbon; mineral-associated organic carbon;
micro-food web

+3HH VU (soil organic carbon, SOC) s&fliiAEZ R & KNG RIRE, HikmEEZHBE KIS
TR 0k PE P S RN, 7R A BRBIAE PR R AR R S rp G EEER . KWILIR, SOC Fae i 3= %t
WA T AP B S =G (FiF R AR, SOC e Akt — b F @ voe, T
YIRS N < TR D A RV P AR B S e R L R4 FE i 4 SRS AR R TE Ok TR S B i& 4R, SOC Ik
Gy RAE PN IRAE HUBR AN A VR A LR ST, A A N O T SR B IE A SR BE R AR IR A, T A 0 Ak RN B
TR RN 2K WA SOC [ E E R0, It H 2 e Wik R X i P 45 & A WL (mineral-
associated organic carbon, MAOC) [ & Z o1k /3 8| ZiE U8, MEMAERE -0 Wi E
( microbial efficiency—matrix stabilization, MEMS) #HEZ2F1 +3E A ¥ B &= (soil microbial carbon
pump, MCP) Hif (1) e, WA YU B im) Bl A 0 D8 i 7 A A0 A LA SOC TR i S5 A2 e WLk, 0k
N 24 T L SRR P T T

RN b, FaEX —&Egd R, MR AW ) LY K iE S EEREER . gD
VTR R I IR AR o 8~ AR AR A e 5 R A AR O AR AL B RS W) AN RE 5 T8
WL Ws . BRI B AR SR E IR IR R NS R 5 IR,k vl A R AR TR A M s
I K R AR D IR AR T e S AR RO CE AR A R B, e R R s TR A s T
FEAE I 2 L3 M A WL - &5 A fe . il an, Sl i ik s A iE o T, 2 R - 88R & 1F
FAAR LA ML e tb S5 e e 2180y g D i AR B A ) v s B R TR 4T R, JRI@ I AT N e R R
Hh SRR IE IR, BRI, DA MR 2 RAET R — LIRS — A SR, SAFEAES
ok A% QAR B ] 52 e L A 90 e ) A AR DR Bk e A AR E SOC A 70 T AT ik = R 48R .

BT &, WWUE BT Z A AV EE KMt g Y, HAE SOC RS FE i
ABERMBZ R 8 E . BECAUERB AR RG TR, FEHRAHEE. HeENarE
HEZEYRMOYT, FEERNE, HeBasuiid ot v mEREE . BeEsE. Saw
MR HOE S 2N ES SRR, AR AT b 3= ZAB A RIS FE A HE I R . A
U TR LA A M B AR I 2T e 2%, M R SRR M AR T AR S AT O R JE I B A 4 AT BT
F47 0, ¥RIETER . ERFAE AR LOERES T FH— RN, IUA B0 20 i ik +
B MR B . 7R 00 PR R T b AR 2 250 (1 5 g (0210, R S S L T A S A A2 TR R ) Ak A 00 DR B
o, nfrE s YR A R . AR A B B AR 2 A S AR A R SOC TRk
e, LA MAT R ADEBEEY) -EY - s A AR, i Ra S . BT BRI
W, RSO MAE IR S A DR HUBR & A E SR A R, RGBS SOC LR
ERER LTRSS, M i SR - YRR ST S AESE, R B S T A AN
S ER R OR E AR T, N R AL 2 M R SRS Y IR Bh N B R e L FE AR AT A EE S LA

1 EMRESHMEYR T ETVSRITE RS IRE S

SOC ¥ il 5 R A AR A A A o R 2 R B 2h 1 &2 e 2h &8 1k #2281, MEMS FEZE R MCP 3
Wi TAEYEY R . AR SR (carbon use efficiency, CUE) FliA: Wik & T il £ SOC
AR MEE(EN, #E3) SOC A HELN “HHLE A S EEEREREN” i “HN-F-52
ST SRR A A2, ERHESE R, LB NRRAE . B R RCR R ) B SRR RE ), JEA
Vg T A SRR 20 73 TR il ik 4 AR B 7 SRR AR e i )

1.1 EYBEENENEAN. BUERE

TEADIEA ML 2 Bk H L VR Y. IR R AR R W EmimN, K% H s g o
MR R EREIG A 7y, DUARR R 4R MBS n . EYEmREN LG, A
SHBELYRA, MEESEEIER LY. BERER. MAEDRRE YA ST



TR AR T Y- - YRS AT S MLBR (7 1S RS E LA 3

i FE 31,

TR = R S (] o At e HE Sk i BB R, @%, 83 AREARS
C:N Fbr R A B BAR M A vl R P, S 25 5) DU 58 4 o g T 338 N B0REA LBk (particulate
organic carbon, POC) JEEl s &l iatEpE . RILRS IR 4L i N, W 56 25 5 4 E P )
R, 3 NRCE DA 25 .

MR INA, B YRR BLEEHEN POC S5 SOC B R, HEE K, HMWIEmRIEN
AR IR Y, BE65 IR ) T VB A I R, R 3 Rk A P e A A S AR M P T B, b T A B R e
SOC FERMS 31, Kk, 8 PR Rk S N J5 1 B e o8 6 B AR WP IR A58 0 ol 26 420 [0 4 0 4 B A 4 22 T 11
MEEL, RkEKY SOC BURB IR . RN, IR AR e FE 10 52 2] 1 e B AL 2
TRIPHLEI R B0 R0 POC Wl A AR, PR A A Eg T s T2
WEALTE N T ALy, MEd 587 wmegeaass, #AERE®N MAOC
)§[24—25]o
1.2 MEMBEENHRNER. RESEE

S EBET DN AN, SEED A HURK T B AR fC2E P 6 LR
. Ffk S B . MCP BRI B 7 IX — A Wi Ab i f SR @E i R AR e B AURY), HiE
YRR F A R AE D A . BRAR AR P2, D R R TE 3 R I KA R A B IR 32
ALK B AN E SE T R AR B A B B A 4y, R IERE. JUT . AR A WA A A AR
WL, T8 R H R R IE T A R AR N POC, B AE IR oy B B E Ae A%
FERG W55 F i, BEE W . KA ML ST BIENEIL- T W& S, B aE %R
MAOC 1, o, MUEMBRARBRPA N Z MAOC HIEE R —, XFE SOC B HA L4 5t
r,jéji[5,26]o

TCEE W RRR PR T R 26 52 B AE D BE TR 25 0 . R SR IE A CUE (LAY . % CUE i £
JES  H TC  A A  AE K RR AR R R, T AR JE I P IRAE B R A, A R A A i R 1 R
KU, [EE, T G T A SR A SRS . g B B A A R AR R M T T AR AE R, R A R A
BB 52 ML A IR AR A T AR SR etk 2. B, HEMREERrLT RMEEREERES
VIR B PR, R B T 0 S b A I8 L R KRR s 171240,

IR E AR 2.07 HEZLHE— 050, MAEYERBOE Y &l 55 YR 44 8%
B 4% A) S5 M AR SR, SEI B K IR S AR AR 728, b, R R R 1 I YR R B B A R R, DL
WE 5 B 45 G M B B AA RO 1, LR e SOC B Sha ik 2. R, EIA BIGHES g,
TIEENYE ER IR AV EAER IS S AR A T, FHREE R R R R 7 R E
AL RS BUX K B A LU A ST A S ARG TR, AT REE I B IE . M E N
W AV R B A 2 IR A SRR, BONE A - - 3 R A B R
e

2 WELEEEMRSRMEYRREE. BUSREN S BENE

WA SOC faw it T ERSHEM MmN . M AEMEABEANT MR HLE R . fla, MEMS
HE 2 5 A A IR R 2 5 AEY) CUE XF SOC RS [FI 7 I MCP i 58 A= 9 R AL i A2 A
B AR AR 2R 1 AR B T P O B A AT s AR S R E S U 5 A - 3 sh i iE i AR M sh A ER
BouE S A E Y R AR, MW AES RS Thee Rzl BA BRI R0 R EA A S AU
TR Y T I RS I REAARAT N, B RIR TS A E . 28 IR A R M PR B S A N AR
SOC W4zt 2.

MREWFUESE, HEFHYET ZFASEESYE SOC EERE . KA LIyt , @
RS . IRA AT YRR DL Y iR S IR G 3, OB AR IR Bk I A R R B, IR
B VLR 5590 104 H Ak 2 5 A T2 13290y g ) A skt JEL ok 160 ¥ A T S A B A 0 v R B PR R TR 4T 4 R



4 VSRS S

KIEY, I HAT O ey b A M R IR 4y 4y A 4SO, kAl 2k HORRAE Zh S A Y
AlE IS FAT RN, (top-down regulation) i 5 £ 1 A1 B bR B 0 S5 A0« ARV 1 AR R B SR, ()2 RS T
TAE PRI it FRBI38, GXSeRE LR B, ST SOC MMl E BA £ iie. A TS
PRV RAE -

SR, A0 L33 W R AG FR R 3 0 AN AR — e R RO, — 5T, A WF AL 2 Bl Se i — T R
BB — ARSI R, H A AN I o RS A Y R S5 R R AN, RS [ AR A R
Z A RE A . RIS SOC TR SR Z RGN, 5 —J7TH, BIA A £ 5 SOC
B A OGRS I N AR, 0 TR IR AR AN A AR DR B AE IS R TN RE S AR . AT R
EREUHLEIEAR R . B, G0 B BRI E SR F AR 2 3 FE A8 A A B8R - 3 3 W 7 b T Bk
TEA PR ZRE TR .

WS Ry A BRI AR S R G BB LR R, ERES R E . ST SR
PR AR A 1% 5 9 5 T B A S A A S Th g lS-2084 i | AN i S 20 i A S AR AR L, 00 s Ak
MEIFATE T8 — AR R 158, TE T H A S ST N . B AT bl [543 5 5 4
Z. BYMIETE . 2SRRI SUE S5 2 A R AR S K RS HLIFP R AR, T TR X ) - 3 At
MM Z BAEMAREENX (B L o REFVARGGELBOT IR R ERFES RG TR
(10 5 g 129350 (B sl G Ao S BE R D IR B A ON AR R LR ) R B SR IR AT RS SOC RS R,
Tk Z RGEVEFLIBHESE o

1M SRR A TR D A R R P R A WU B S5 A e AL EE 4R
Table 1 Comparison of ecosystem engineering functions and mechanisms regulating soil organic carbon formation and stabilization among

earthworms, termites and ants
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Fig.1 Mechanistic framework of ant-mediated plant—-microbe—mineral coupling regulating soil organic carbon formation and stabilization.
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