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Abstract: [Objective 1Soil organic carbon (SOC) in cropland is an important component of the terrestrial ecosystem
carbon pool. The application of organic manure, as a critical agricultural management practice, has been extensively
validated to significantly enhance soil organic carbon (SOC) content and stock. However, Current research mainly
focuses on the SOC fixation and mechanisms in the 0~20 cm surface soil layer, with little attention given to the
carbon sequestration potential of deeper soil layers. [ Method] This study used a meta-analysis method to
systematically analyze the impact of animal manure application on SOC distribution and stock in the soil profile of

global croplands. [Result] The results showed that the application of animal manure increased SOC stock in
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different soil layers. In the surface layer (0~20 cm), SOC stock increased from 28.3 t-hm-? to 36.4 t-hm™, with an
increase of 28.6%. In the 20~40 cm layer, SOC stock increased from 23.6 t-hm to 27.5 t-hm2, with an increase of
16.5% while in the >40 cm layer, SOC stock increased from 45.6 t-hm? to 48.7 t-hm? (6.8%). The new SOC
sequestration efficiency (NCE) was highest in the 0~20 cm layer (146.0%), significantly higher than in the 20~40
cm layer (117.2%) and the >40 cm layer (64.3%). Also, it was observed that soil carbon sequestration efficiency was
co-regulated by both natural factors (annual mean temperature, annual mean precipitation) and anthropogenic factors
(fertilizer type, nitrogen application rate, land use type, and application duration). Specifically, the impacts of annual
mean temperature and annual mean precipitation on sequestration efficiency vary across different soil layers.
Moreover, the combined application of animal manure and an appropriate amount of nitrogen fertilizer significantly
enhanced SOC stock in the surface soil layer. [ Conclusion] This study provides a theoretical basis for developing
differentiated carbon sequestration strategies based on soil profile characteristics. Furthermore, the study highlights
the significance of optimizing agricultural management to enhance soil carbon stock, mitigate climate change, and
achieve sustainable agricultural development.
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N 14.8%H 11.7%. LiEKE, FENT% LJEN SOC il E i AR fe

A PN FH X SOC filf & HISE MR AR AE 2 57t o 4E 0~20 em /&, (G & (<20 t-hmr
2) Mt (>20thm?) SOC & HIIRTF 22.3%H1 28.2% (P<0.001) . #£ 20~40cm
TJE, mAEPIZEALE & SOC g iRt 23.4%, Bt E R 16.0% (P<0.05) . 7E>40 cm
2, AR B i 6 SOC i & BFRTH R 7305l 8.9% A1 5.3%, HEFARE.
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1 FHEANKEEMNEET L

TEARFEH, AHEEERHEER T AR LZE SOC &FES5ttsE, HEAENMRES
SCHRAROE A HLEE A FH X R 2 SOC AR R RN B —hE, RIA LA X &
=351 SOC R R AA B3 Rt fE L,

AHLFEAEXT SOC Tt EEAWARRE: — REEHBAMN. ARG &E K
AWK CPYERIE 35%~45%) , B8N T3 R0l R AR, HHLEE
REFT &% BESEE FRn ol R EY A E G, s AR R - R E R AR N
Pem 7 RIER AN R, Ak, A HUFEREIE AT o IR A, Rk IR R A R
) K FIR AR AL, @ PR R ML B AIE SOC Wi e, 35 - 458 [E el 77

AR, £ 0~20cm LEH, HHEMMEH G SOC & &MHGIEA 29.0%, &EK
T A KGR TR 58.4% IR o X Fh 22 S o] RE IR TS0 we X B AH 1 B - TEAIT T,
X R ) % B IR AR SE & N A I 7R E AR b, 20~40 cm A1>40 cm 122 SOC
TR (19.5%F 6.9%) BEMTREZE. XAJRER BT 5 MREM 70%~80% A HLEEE
T 0~20cm KZ, FEURETIER SOC SR KA. BEEHEERRN, KEEE
TR, RS ERIN, RZMHM ARSI AT AR, FET AN



Mo R AIARE s TR 2 LIE R T I AR, AR SRR ZR), 1A, REHIERIK
oy RV S BE N BN 70 A8 » SR () R P AR R % e v » A MU R 43 e RGN 2L
Rl fE st 7 SOC AR R4, MR Z L /K i ahii b, R IEH 5 s e RS T
AHLEEAEXT SOC B R sgm, FEURELIEH R SOC FEfni .

3.2 REFBNREFHE

A LI B AR T SOC FEf7ER%E (NCE) - WAL REH, 0~20cm L2
f)NCE (14.1%) & T 20~40cm £ /2 (10.0%) , EFEHT>40cm L2 (2.9%) . Z[A)5F
R EPEF LA R Bk, RS E IR E VI AR B I DA R R S
fR YIRS, TR I BUE AR R WA DOC WA SRR . LIk, 1E 0~
20cm LEH, KRB ARV AR Y ORI M SNBSS AR B TR E R, R 5 o R
W (LPOC) M@ mE (MAOC) ik, MELZ ', 20~40 cm f1>40 cm -2, HT
LT Nk ELAE PiE P AR, SOC [ 47 R0R B B R hAbh, IR 2 138 (>40 cm)
(R NCE i -5 H AR i B2 AR P PRI O, (R IR - PR MR AR A PR PR IRZ SOC ki =,
HE—BHIH] T AR A WU S EE R, ET Rz SOC A REL,

3.3 BXEBNIE=E BN R A ¥1E T IE M RE &

Bl 6 1 RoR TR ERAL I O A AL AR 1Y) SOC f = Isem . {ERE T3, ¥
f SOC &5 AMFEALHN SOC fifs &1 B 2 . 3% FUkH 56t (P<0.05) o IX AT R FIAE
B IERAE YIS R R, AU R R, R RIMEYI4E SOC & &8s, (Bl T
fEF5RZN, SOC ff EA/E A WL ILHN JG HAREZE . /£ 20~40cm +)Z9, ¥)4h SOC &
B5 SOC & 2MIgHIEMIE. XRMAZTZESR, AU fRERHN NS, ¥IiE SOC
TR EEA BT SOC MR . AVLIEALEN S, SOC fif & 3 I nl G 5 A MUk 77 i
(IVRZE A Je. 1E>40 cm IR Z B3, ¥l4h SOC &5 SOC i EMR E Ao, [HM
KRR ZE IR . X0 AR FUNRZE SR E SRR, AR s R g,
SOC it 2 AR Ak B 22 3h 32 3] 38 5 R /K 20 2 PE B2, T AERISG SOC & &6,

ERIZ I, BEBIVIE pH 5 SOC fif & 2 IEA M . XAl RE 2 R N E =K pH A F
TUFE A B EE, g IR0 e BRI R - W IR 21, AT $ e AR A ALK 1)
FINB, HEAh, AHLFEAEHN G, 2 B E i A LT S 25 5 A=Y o3 i, 0= pH
ARt — R T IX—idfE, FECSOC =M. 7£ 20~40 cm L2, B S pH
5 SOC fig & B AR IXATRE A, A TR LI, B pH F, RIEmA Y R
b, s 7AW, U RAEA R 7 i R A8 R = L3, 33 SOC Wik
Cl, HHFEEEANE, X—ERANfE e seit— 2, pH B&sr ~ 2R soC
fitig. 7F>40 cm MIIR)Z L339, BEIIiE pH 5 SOC it 2 IEAH M. XA RE2& KN E
= pH AR HE T (R R LY SAENERINEE S, TERRE AN ME S,
T B (A S B4 LR EN G, T2 IR 0 YR & B, Rels SN &
FREMESY, B pH il il o LI A A e e e v, fRHE SOC Y
KRR

£ 0~20 cm A1>40 cm 2, ¥IEHE R (TN B 5 SOC it & 5 5.3 7iUAH & (P<0.05).,
) TN &R a] geid s 20 e/, R T A HUIERIEN Pz RS, fRita
MUK 7, MR/ SOC il . A WL AL B E IR 2 SOC e, XEFNRETIE
AEDE R s, HANZEAE A LA 5 rT DLE B 78 SOC. 20~40 cm + )2 BT /K53 Fl
U B S8 DR 20 G A D MR WL 73 i R S L/, W86 TN & B0 SOC fifh & 1 52 1)
AR, HTHERZEX SRR RS, AYEEEREAR SOC fERFmHARE. H
HLFERE I AN >40 cm )2/ SOC g E AN, FARE HIBRMAEYEERL, BA
GIRTZ N1
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AT R G5 HT T B NN X ANE )2 SOC & s, A= 51E FE RES BFK &
BERWANZEE A SOC i m AR (B 3) o AREX (0~10°C) , FHHLIEM
Sop4 T SOC ff EARTHN B3 (P<0.05) , H S HFHE -2 I 5 18 in i 22 0 H B T80 1)
FRIE (6 o 1X F BRI FREIRSE T G A MUK 7 il R, AT 2B T MRS
TE A3 A 1 B B R 20), SRT, MR A R FRX (10~15°C) B, Z 13 (>40 cm) SOC
fith B (A B R A5 6 )2 AR BAAIK 4.5% (P<0.001) , JEFEBIE 15°C)5, IR)Z SOC [E R BN 1 2%,
W7 it 5 | R IR A I R, T B8 58 A HRTH 2 A0 N 0 [ B 8 R O o Bk B e b gk — 20
UESZZK HAEAHLHT SOC BRI AATE . 7E 400~600 mm A>800 mm [%/K X [H], FRZE+
HE (0~20cm) SOC fiEIGIEL 28.7%M 25.1%, MiRZEWNIT, S5EEAT R SHY S
(o1, K B R (<400 mm) BEE (5800 mm) T AE R Al 4 A K Bl AR - 43 A<
AN T AU ] A7
35 X T BB REEN BN LERENDRAIANEIREE

AR RGN T AR FRRS T A WL AEANS SOC FI T 2 AT % = R HLH] . it e
KA AN R A 7 AU S A ML RS T SOC i ERIRUR, HiXFhsZmifE AR
T EIREAAAEE T (B 4 A HLIZAE VDA FE X SOC fifs & (3R THRUR o 2 2 (P<0.05),
X = B PR T H BB AT A WL A AR R A IR 7 B 5 B A R 1 5
THENBR AR e DY, R E I (- 6) ESE, Mi%ES 0~20cm 12 SOC fi
HEIEMEXKR, (HLEFEMKFE, HAHE T EER XN TR EDEER R, i
FHirEAN, (Hit B R LIER, SEAEYF R TR, fERE LT, A
XA A R A P i (R R 3 PSR DN 2%, [RIBE xS SOC I R A EH B M. +
MR R R LR 7R 3R, SRR A LA X 4 12 SOC fl = 3T o i
Z, HEHIA SOC #HHEWHER (0~20 cm >20~40 cm >40 cm L) o /KEHAE R 4:
RBHEIR S E i BT, {8 20~40 cm )2 SOC BN SR EZERALE . MK
HRAGRE T (540 cm) HIL SOC K EH, XA g SR K &R E AR TR,
SEN- YR SRR E R K.

WEARAERR . A ALFE AR AR F B SOC i B AR ISR E EZ R (K5
JEAEAE IR M o, SOC BARRGR AR W (<10 45) BERTF EEIRTHMNE
TRA N BRSNS TPl (11~20 4F) SOC fEE TR0, HMLHI AT Ge
Je IR R R B A N B E AR K (521 4F) G 2R n] R S5 50E R
B TR A 91290, 30 4 DA R RSt IR AR 1R 2 135 (>40 cm) SOC & & 1T (P<0.05) ,
I KRR\ T BRI A R EE WL (DOC) VA IR IR E i R % . AL
NEEEEESF: EDLE (0~20em) PIEIAHB RN, XS5HERA ST G
WURAR A R E R 31 E 5 2 (20~40 cm) A= ZEFIIE ZEA0 T 45 i o 47 4 254
B LIRSS TR EARE TR TR RCREY . SRE LI (40em) FSFE SR KN B
ROV AT REUR TR AR -2 LR A R Ae e 3G BRI A LR T P X SOC fig B
WER, SRR, /£ 0~20 cm 12, AVEEEBHES SOC R EEEMH LR
(P<0.01) , ZRUNAE 20~40 cm + 2B 0kES (P<0.01) , 111>40 cm 2 TG40 W 2%
(Bl 6), X5 Liu BRI T4 R 8, RGP R ZE R )E 158 SOC. AHLEE
HE AN, i SRR R I R A NN, R R SOC fiE. FEE -
HERFER 0, ANZENES IR BT R AR A RE R IR >, SR SOC i 25
Wl Z T SS, JCHARTE>40 com LEH, FHLEERYE SOC fili 2 2 [ A Fi S 00 5 3 AH DG 1%



= 0~20cm + 20~40cm + =40 cm
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gk, KEBARIX AN 95%EEXIA; n NEHRIFEAR; P AEZFEMKK . Note: The solid black line is the correlation regression
curve of SOC stock response change, soil initial SOC, initial pH, initial TN, N rate, Organic manure years, and Organic manure application.
The gray-shaded interval is a 95% confidence interval. n is the sample size of the data; P stands for the significance test.
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Fig. 6 Relationship between the response of soil organic carbon stock and the initial SOC (a), initial pH (b), initial

TN (c), N application rate (d), organic manure years (e), and organic manure application rate(f)
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