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Abstract: Soil organic carbon (SOC) represents 25% of the potential of natural climate solutions,
improvement of SOC storage is a critical pathway to realize “carbon neutralization”. Reasonable SOC
management and accurate model prediction require deep understanding of soil carbon cycling processes.
However, the persistence mechanism of SOC, pathways controlling SOC formation, and their environmental
regulations are not clear. Here, we first synthesized the frontier theories and mechanisms of SOC
stabilization (biochemical recalcitrance, mineral protection, and aggregation protection) and formation
(humification, microbial efficiency-matrix stabilization framework, and microbial carbon pump theory); we
then reviewed the development of soil carbon cycling models (Century model, microbial model, and
microbial-mineral model); we finally proposed the urgent scientific question for future experimental and
modelling studies.

Key words: soil organic carbon; organic carbon stabilization; mineral-associated organic carbon; soil carbon

cycling model; microbial carbon pump; soil microbial community

Wrfs HHA: 2022-05-11 f&E B#A: 2022-06-11

E£H: EXRAREFEETH (31901293), BIRITA K24 G1F LI 21T H (8202010225048 .

F—1EE: AR, #0%. ZEFFIT M LIEMAEY S 23R40 . Email: zhouzhenghuzzh@163.com  Hitik: 150040 2 JEVLA M JRIE 1 & Y
XA 26 5 7R ALMOL K

EEEE: BEF, BIBR. TEPR T HAESY . Bmail: 465133704@qq.com  Hidik: 860000 FHJE [ V4 X k2 i R EL X & A TG 100 5
PEBEAR APt

ZSFIRIE: http:/j.bjfu.edu.cn; http://journal.bjfu.edu.cn


http://dx.doi.org/10.12171/j.1000-1522.20220183
http://dx.doi.org/10.12171/j.1000-1522.20220183

12 D O NI

44 %

THERA TR HAE YR LAY
WS AR AL AU Fr V5 R VIR RS 2 M AR &
ik S5 DRE! . RO R 2 BRI R IR T £
FEA AU, i DA LR 1R 382 D RETE A% L
ELan: A HURR S & i 3R B s R K 0 3Ry
AT PRI A = 0 e L R
W () BE VR R At AEHRAE 2 48 ) IR A AR
AR 2 m PR SR G RN 2 060 120, K
B 2 AR W B e 2 AN, LBl B sl e 51 KR
AT (COIREE I B Z AL HHEA LI H 2R
SRR DT SR TTER T LUA ] 259 Rt @it A
B S R GUE BAE R T R I D e R S
“B rh AN H 2R AR

3R T RE A SR TS TN T X IR AL
BT AN AR SE BTSR[] N Ah 2 2 7 3
HURRHE ARG RE BEAR AT 707 T A — 2R 9 SRl Pt
Ji (LI 8 350 S AU - SRAT LR 50 25 MRS TE T
AT LB A A A (1 0 52 1S A5540 75 T F K R
TN« AOK RGEVEIE A HLBR AR E AL L
i, ESEIEAL I, RGET H AT IR ERE A HA L
FOREFE, T AR I G0 RIS B AJT 5 e ik 575 At ke 1)
REERE )L

1 AR A T ALE

A WL AR E T 45 R Y Bk K Y RE
J1, Rk m R A Bl A CRE T A
CO, A CH R GRS T2 3 A 1A LA ) 45
AR IR HLIRAR E T 1 A R AR
DR A AT I T o A7 0 e DR VA D5 2
TS RE KGR T I E B IR IIE [ CO, R
FECR, JFFR AL B AL A LR & & B A LR
Ji g s 1) ] A P R A % 77 Kt i i A e
RAF, A R AL R AR CiE AT AL R R
brid ik EAE R e Bk A AL R (PO B AR F BEVE . Fa e ik
A7 R AR TR A SAZ IR B[R A 3R (PO H
IRFEEVEKBUT C3 M Cy H BA AN °C 7018
YRR, L Cy A1 Cy 14 B i 2 o A 4 A 1 8
BCAF 5 AL 5 A LBR 1 A e 1] o AR
B [A) (82 38 s T v S e 17] 3 PR I °C AR A
FOREE ER AMIRBRAE 38 B A AN o e o R T
PEBR [F) A7 2 AR C B A R MR C R 50t
SR HEA HUBK I -6 o« Feng S5 UI[RIIF FHAT (L 55 3%
ol OB S B ARPC T BEEAIZ IR C VLR A
T AR 3R A WUBR 1) J S i T, R BT AL B 57
AR 7N TR JA P I ) i L, T A MR C T4 s 1) A e o
154 S

LA WUBI AR E PR S DR & 4 R A
RT3 2 AU P G B A A 1) R, RN R R AL AR
SE ML) R 3 E0 AN S AR R o 451l 4, Sollins &1 M 1
B HURR R 8 ML 23 oA BUBR o ] 4 AH B4R
A HURK AT 3REUE: 3 AN J71H - von Liitzow &80+
B U E ML R 2 ik B R B L 2 (B AN AT 3R
BRGNS0 /488 T TAER 3 AN
I o SR1fT, Mayer! Vi SR A2 @ ALK 2 S i [ 4
AR 2 AN TJTTH . BT, ERRER 22 B ST SR A
MG A HURAE T3 MURR R e P AU A b Uk
PR R AT DL K AR S R G i A ) oG AR
FHUCTS . BR i, Angst 88UV KA HLER AR E ML
Gy RAEACHE T3 R TV R 0 45 6 A HLBR AN J 1
A RAR 3 AT . 25 b, RSP R E LS F K 4>
PriE 22 Angst W T 5, BARS N LK E
G ACHE A R IR A SR AR AR 3 AN T
T o AR A HE 73 i 1 U s B ALK [ A 20 i 22, Tl
VR AT A1 SR A R4 ) i i B ARG AR 2B P oxst A ALk
() AT S >R FEARAE ML 1) 20 e T 2
1.1 AR

I WU M TR AR E SR E D) 53 iR I
KR E IR EY, H— K55 T 558 i 5
G IME WA R NESZ AR fln: A 5
TAE R TR o R () R A R AR
Hes I FRGENB AT 2 R0 A o A 20 il PR A5 T
feEE . LA NGRS R TR LR B &
WL oy B RN, B M2 5 Ll o, 5 HLBs A=
Al Sy i 1 5RO R ERAR Y, IR E AR R
MUBRZH 23 R e S G 28 AR T ORI . KT 3
S 2OV Bl A AR P 2 R A R I R R T v —
e DUk g R A BT XSS R AEW Ko T
A DAYE 3 KR B R G S5 M REAE, 20 BB FR ok
VIR WA A5G HLBR bR &4, 2 e
PR WLBS 2 1 B8 B 2H B 5322 . Gunina S8 BT
AN g s g8 s e ] A LB ) R AR A
AR 04 3 N 3 1 K8 70 R AP Dk 4 D e BT AS
SRR, T A5G M UBRAE R 70 el | e i AR Rk,
XA TR A 4 o e ] A LB BT 7 B I
s T H A SREN . Bk, AREE MR
W A HURR I BT Be & — NS TE B0 RO AR
1.2 RSP

RS FREWIE A PR B S 4 = [
TRAG, 1R 2 e i A= M R R W . SR T, 3X IR 40+
YR HE AT LU S T R 4 SR MU AE T R R
B ET4. B0 Wattel-Koekkoek ZFF]F“C FiAR
R IR R 5 I A 5 A A LB 1 0% T Lk



10 4

JHIE P24 AT HLAR A A s AR 1 AL A 13

F 1000 4, T & A7 45 & A HUBK 148 et W] 8 2
360 o A BN ) &5 f 35 A 35 R i P AT
AL PR o 2 T B = B E e VA PR B 7y &
B I RS E AR T 5 R 2T S
CIE DU, S LR B 0 S 7 s v 23 1 e
B AR R AT A ) — R s F G S 0, KR — T
5T 2 [0 B AL ERES 5 70 . A2 TR0
VR 2 T Hr 348 73 L AT P 7 AT ML v i 2
B R A7 PR 4B B SRR TR A AR T 0o Sty
SR AN A BB T R SE S B L5 A it
R o Bl P ) 5T 1Ak Fe 3 mT AR LB (1

F ik Py i R R IR TR — AN K T IR R
i R m S AE— P TRE HLR R4 A
IR E VRN IO YA BL/R T 0 < S < JE
Bt o 2 A SRR U O S R B R A
HUBR AR AL B 245 5 R E% S 1, Ferb, SRALDT & 3 0 2
BYR—MERELENERE-AIEGY. HE
TR TR IR R T B R B T TS IR AR
PR AN HUBR 25 5 #E — S TR AR e 0 4
PR,

CLE 5 Rl 4 A0AT HLBR 1) 45 5 AN & IS A7 AR
1o 8%, A T RA A REMZ A

i
c— ¢
\
C—a
4 (0] H
1 ! oton o
0=C—OH o—c =~ OTCTOFe \ | <50 nm
a HH HH Hy | H 0 Fe o Fe
‘ 0O / \O
¢
TR ) 4
van der Waals A ehrit HEVEH FH B 717 FLER I B
force Hydrogen bond  Covalentbond  Complexation Cation bridging Pore sorption
: ALY fLBR Pores PNGE SO
b Microaggregates N Macroaggregates

Y

LB Pores Mineral

1 mm

AR
Rock fragments

A Hlfx

Particulate organic C

a. AP HLED; by o T FERIRIE 25 T LR BIR A W FE B 45 5L, 275 Wilpiszeski %0142

1; d. PSR AL BSR  HLB ) P 28GR 4 1 F (8

JFr RJET Schliter Z550); e, H7 I J5 40— 4 L TE CRE B 9 3 T8 SR IE T Witzgall Z:59), a, mechanisms of mineral protection; b and c, the
isolation of soil aggregates under dry and wet conditions, referring to Wilpiszeski, et al.**; d, occlusion of soil organic carbon by aggregation (image

from Schliiter, et al.**)); e, scanning electron microscopy image of the interface of plant litter and soil minerals (image from Witzgall, et al.*®).

1 AR Y ORI RS

Fig. 1 Mineral and aggregate protection of soil organic carbon
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