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Abstract: The turnover and stabilization of soil organic carbon (SOC) play a crucial role in the terrestrial carbon

cycle, contributing approximately 25% to natural climate solutions. Particulate organic carbon (POC) and mineral -

s ] 6 A8 AR MRS BB BB £ BT (2024KICXZX-ZHS-11) . EE AR FEEETIH (32471770 H K E sl KRB HE
(2022YFD1901300) Al i 4k & H 4R B} 2% & 4 W H  (C2025301026) ¥ B Supported by the HAAFS Science and

Technology Innovation Special Project (No. 2024KJCXZX-ZHS-11), the National Natural Science Foundation of China (No. 32471771),
the National Key R&D Program of China (No. 2022YFD1901300), and the Hebei Natural Science Foundation (No. C2025301026)

T JEIAEH Corresponding author, E-mail: yunlongzhang@cau.edu.cn; junlingz@cau.edu.cn
R X8 (987—), L, WAdbHAREN, B, EENFELEYUAEYES SRR T . Email:
liuleihbnky@163.com
Wk H: 2025 - 05 - 26; WCEMSHR HH: 2025 -09 - 11; M ERHM (www.enkinet): 202 - -

http://pedologica.issas.ac.cn



+ 3 Rk
Acta Pedologica Sinica

associated organic carbon (M AOC) are pivotal in the soil carbon dynamics. Soil microorganisms are the primary
drivers of the carbon cycle, by decomposing plant residues to form POC via the “ex vivo modification” and
accumulating microbial residual carbon via “in vivo turnover”, which then combines with soil minerals to form
MAOC. However, the role of microorganisms in POC and M AOC formation is constrained by multiple factors,
including nutrient management practices, soil properties, and climatic conditions, which limit the microbial
regulation of carbon sequestration in agricultural soils. This review systematically introduced the framework of POC
and M AOC. The contributions of growth anabolism (living and residual microorganisms) and non-growth anabolism
(enzymes and extracellular polymers) to POC and MAOC were described. It furtherelucidated the regulatory
mechanisms governing POC and M AOC through microbial community structure and phy siological functions, whilst
analyzing the influencing factors. On this basis, the review systematically considered the mechanisms and
approaches by which microorganisms regulate and increase SOC, providing an important basis for constructing a
theory of SOC increase based on physical-chemical-biological synergistic regulation.

Key words: Soil organic carbon; Soil microorganisms; Particulate organic carbon; M ineral-associated organic

carbon
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PSSR A AR P R A R s Mt o A 4 3 b A2 O/ IN R BB 3% B2 A3 — A 7 Bk
Gk, SOC 3 ARk A A MUK (Particulate organic carbon, POC) FIH #1145 &A WLk
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Table 1 Comparison of particulate organic carbon and mineral-associated organic carbon

SgE| WKL A Bk W haEE S AR 2R
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SR AP AR AN A AR 2 I AT . Y SRS A AE T ) TR 5 2 R AN B 5 A

AR DG D RE, R AR K RE R A, FIT SOC RFAMIFRE .. A RIS

BEUER SR A AR BUR AP b B B e 0, DU A K AR 0 e SR BB, s ik

Iyfife TS HRMSTH A IE N I A, Gl ARRK T2 E P DLAE R A e R, (H

D TR AR A B0 331, POC (Rl iy ik L LL ANFR 73 IR (3R 1D, AT AR R VR 17 A
HWEFEAR, NIk POC 73 fi#: MAOC BRIME AT LLIE B, Y SRBRIMAEY) ARy, (i
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Fig. 1 Microbially-mediated transformation of POC and MAOC
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ZXF POC Al MAOC [JIERIMN 23 m T HARAES R4 PY, 1R E KA e M ilit g R T
7, BEREEERIN POCH B EETHE, MAOC & & 5E RS, R R & 2 PRk 1 1
pH, HIAEYEYE, (23 POC B, 17 CaZ. Mg 251 B TRk K HITS ¥ MNC 55"
YIREL, INiE MAOC 2rfiil™ . 435 pHAIK T 6 I, %00 MAOC RHLH 1235 1) 1F 243
(561, X ] G5 B AR SR BE kA4S A SR A R A OB 2 8 pH YN,
AT MAOC [ 1E 2N Ik 55 BRANFEMAEO) o SALARAHEL, A HUIESAE HLIEHLED i 2 52 &
POC Hil MAOC & &58, JLHIG I POC Hhbe Bk e 515°)
3.2 HIEM R

1458 pH 2 M TR R RIS 45, IR EE R T B ALK, SN EE £
A B R TIES, B ME AT ERLEY) (AR, {213 POC HIkiE 5
ks SUME IR, AN TEMEIGR . FECIPL, AESEIEARERARERIY I, EPS 34N gk &5
MR BP0, FEFEE#E MAOC AR R Sfa R0 441, 7 35 ORI P55 200 000 km?
A FH 310 970 4y HHERE SN E R, 24 pH<S.5 I (APVEMR D, AEYREUE B 2 5 U5
FF3E N HYAP A (= FERE RO ACI SRmg, CUE W35 FRFCY), AFIF MAOC HEhk. th4h,
+3E pH ICREE I SR - VI 20 BB A, Sene R E R AR -0
YIRS IR R S o Aa e vk, #Ef 2 POC Al MAOC W&l B 3% pH A5, W&
A A FL A 93/ T A LG AR F rEL T 36 0, PR B AE AT ) 2 THI 10 VR B B 145 AN R T POC I R AT
Cl, mtE 3 pH i AR AR E AL VA fEPE, S EUFS AP PR ES TR N IE, PR
HHL - ER&S ke ERY, mik it pH THE BRI CaCOs MR, HISSH W - B HLR
MRz, 8555 2R EERR 3L 15 46 & S B B e E ST, B Ik MAOC #2E PERO,

TR AN TR A AR ) AR IR B A B KR AR A B A SR, (R B AR TR
By, TR I P A A [ SR A AR R () e 2 4. Mao ZEONFE VRIS ABMIEEL T 4 NS 3
JRAER (1 T4, 5.5 T 75 JI4EAT 3000 J345) WML SARE I8 741, W 78 R BB 0
Figr g G M ERIF D, AR MAOC X SOC HITTER[E:S N, H
MNC M 20%3E 1% 50%, MAOC {5 SOC LRI WA 2 20% 38 In 2k it 50% . Zhao S 620K 4%
Fif2 5> B 1) MAOC #5453 5 (2.4 g-em™) ffi4y, & “8 MAOC” (EHHL - 4
HHEM A “E MAOC” GEMEBEN PIBRD, 2546 R TEAR (NanoSIMS. p-XRF %5),
KPRy 3 I I R RR AR ) - A AR RAATE 2 MNC. B04F, It 22520 SOC
PIPERR T E R, TR O R 2 F 45 R TR R 1 B AA 0] LR POC %2 kA4
FefigRlo3l,

TIEFAY POC 1 MAOC 1455 +48 SOC & & k. Li FBOE AT KFE H +
BRI, BEE SOC FrE M 4.0 g-kg! 948 40.1 gkg!, POC & EIZWHE N, MAOC
BT BRSNS . X2 F N E kIR e A & HiEvEss, (R AR Y ik Ak
FAEYIEFEIEE, AFTF MAOC s 241, duat, w3l m S Eikm,
FEAEDRER B K SR ¢ SRRSTEAS, SFEUSAEY) A B BRI 2 A, AR T
MAOC SR, 4k 3, JE% 46 T POC Al MAOC ERUFAE SOC I AL (E04, %
T Meta 3T IS5 L0, 24 SOC S EMT 15 gkg!' I, MEEZMEI POC B, #iti%
BRAE I A F) T MAOC 38 hn. fEZ Rk L3gErh, TEI IR RAEYE, Srmirt 8t K5
EEE (BT 18.4%), [FII g9k B SRR E N CPYEEEARIEM 20.7%), {&i# POC
MRS RE . 5 kLT, MEsGE LEAt R, RITRCE YK 2R bk ik
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33 5ETK

R MATEHR . TR/ CO, FH SR ZI b i iR . 5 MAOC #H L,
POC fifi B/ B SR, X T e o B BE N 5Uski6s-671, JEH R AN mILAESRARE
FEAMIXOT, THEACHED A K, WY . R RBETEY B S ANERR N, B3
P2 POC Fi. Meta /M1 ioR, 7EFEAHIX, FHEEZ K 0~30 cm -2 POC & &, 1M
XF MAOC JERZMAC7 757 78 J5 R = X 2 6 AR A I R A 50 R B, FHE e D)
TROR R, SRR oK A PIERARI FFE A MNC & &, {23 MAOC R8s, iz
S B TR SRR 7 e 2 A K BRI DO R AN R g 220, FHR S, 1A W 1
Jn, JniE POC A1 MAOC 143 f# 081, Zhang SO} FRE AN [F] X 3 12 S FE#Fk H 3t 17
3 FEJRAIIRRES, RIURE MY YRR AR T AT, ERE Y o R R
B M5, XFPEB A ES 0~15 cm 13 POC & ERFFAZS, MHIFEFERIN. MAOC
(P U ME (Quo) KT POC, IXTTRES ML T 38 TEAe e PEAN BN AS I B b [ A 2 5

T30 SO AR N R R I AR R 450, JEFRIEE POC I MAOC J#: . —
TAE R BN A Ff T e i 9 TSR0 R M, TR T4 AR ERAEwE, H
B 22 A 33 A BRAR T AR D B e 7, “ B N—OR ™7 U IR 3 FEIC POC & & . TR F#K
AN, (23 MNC 281, EF S MAOC & &1, T-5%F POC fl MAOC K 5% Wi 17
EXI SR AT EPRTREREME, Hxiim iRl SERMNES RGBT LR %,
Z3d 1 & 5T AR S, JRiE X T 51 POC & & N 15.9%, {H MAOC A 32
S, FRIX POC Al MAOC 3702 357484k . W31 X [ POC o -5 e i 7 BE A ek, 3 mp
AE SR X T 5 AR B 8 R IEE A0IR G, SRR YITEYE, AT IR POC 3 fiff kU0,

COy WREETH ] LARR S I A2 77 77, S INANIRBREEN , [ OR I i, “HN
- WOR” WP IS AR POC A1 MAOC [N AR40T721, Meta 73 MR8, BEE CO2 iR &
TF, POC SN, 1 MAOC {57 A281051, Hofmockel 257313 F- 3 [H g 17 e A2 N g % 4
FAEA COr BHEKMIEMIRG:, KM PC R R kB s, 458 EH
BEE COx W&, i POC WM, XSS EALER; MES
POC #ii ABUE RIS HARA K, EIGIEH; MAOC #Hiiw RA5 IHIRm R a1k,
TRAE, —DEEIEHEE. AR, - SRR 10 FhRAEY) M AMEE 1) Meta 73 HT 45
BIR, COx WEFmBEMMMILT Rl (RESMEERZH i (12.6%), X4 POC
FHIRET 2 2R g 55 0 . 2 S i 4]

SRR T TR AE BAE S A AE, AT — S+, HXE POC 1 MAOC (1) 5
BRI A, BN T AR SR A FERRA S A A e . SR, B AT 2 S EH
TR & ROV 7L £ AR TE SOC BRI IHTS), X 43 POC R MAOC Th g mk e T 7 5%
/BI65), Diaz-Martinez 535 423k 326 M RHUFE SRR AR, FHEE T 500 FFEH B3
MR T A R S R, I T MAOC X S EAR b I ggt:, HE S8 poCc 5
MAOC fi###. Thaysen ZU7EFH IR EA/ R ITIE 8 FEE. TR CO FARmZEZ AT
LR, SRK, IR COy b M H A BAE Y BE FIGF S POC & &, NHE
A POC LEF M, MAOC (N TEH R A T A B T B E L. Hk, ARBRFIRANERE
FEL JKSr CO2 55 [T RIMAEYIA 11 POC FI MAOC JA B FIAGSE RO ML, o
BRI I8 BN, A A S B A S B O B SR A
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Fig. 2 Factors influencing the tumover of POC and MAOC (Modified from Yanget al.l’)
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