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Response Characteristics and Influencing Factors of Soil Organic Carbon to
Reduced Chemical Fertilizers or Organic Fertilizer Substitution
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Abstract: [ Objective] Delving into the impacts of reduced chemical fertilizers (RCF) and organic fertilizer
substitution (OFS) on soil organic carbon (SOC) is crucial for understanding the response processes of agricultural
SOC pools to fertilization and achieving sustainable agricultural development early. This study aims to explore the

impacts of RCF and OFS on SOC under different climatic conditions, initial soil properties, and land use patterns.
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Furthermore, it endeavors to estimate the key influencing factors and clarify the natural and anthropogenic conditions
conducive to SOC accumulation. [Method] After collecting and sorting out 142 published literature, we analyzed
the variation characteristics of SOC content under RCF and OFS using meta-analysis. Thereafter, the influence
degrees of various factors on SOC were systematically investigated by the Random Forest Model. [Result] The
results revealed that SOC decreased by 2.61% on average under RCF. Notably, greater SOC losses were observed
in temperate regions (with annual mean temperature < 10 °C and annual mean precipitation < 1 000 mm), whereas
SOC losses were not significant with changes in altitude. Soils with high initial SOC content favored SOC retention.
With soil’s initial pH and available phosphorus content increasing, the overall loss of SOC tended to intensify, with
the highest SOC reduction reaching 6.91%, however, the effect of initial available potassium was the opposite. The
declines in SOC under RCF were similar in farmland and orchards, while changes in SOC in vegetable fields were
not significant. In contrast, SOC significantly increased by 14.39% under OFS, with subtropical regions at low to
medium altitudes and annual precipitation < 600 mm being more conducive to SOC accumulation. Except for low
levels of initially available nitrogen (50 mg-kg™!), no significant differences in SOC were observed among soils
with different initial SOC, total nitrogen, and available nitrogen contents. With initial pH and available phosphorus
content increasing, the cumulative effect of SOC enhanced, whereas the effect of initially available potassium was
the opposite. Among different land use types under OFS, paddy-upland rotation and vegetable field utilization were
most favorable for SOC accumulation. [ Conclusion] Under the two fertilization systems, the climatic and
environmental conditions in subtropical regions are more conducive to SOC sequestration. Compared to the
subsurface soil, the impact of RCF and OFS on SOC in the surface soil was more significant. The decline in SOC
of RCF was similar in both farmland and orchards, while the change of SOC in vegetable fields was not significant.
In contrast, paddy-upland rotation and vegetable fields were the most favorable practices for SOC accumulation
under OFS. Additionally, pH and initially available nitrogen were the most critical factors influencing the changes
in SOC with RCF and OFS, respectively. These research results are of great significance for achieving carbon
neutrality and sustainable development in agriculture as soon as possible.

Key words: Soil organic carbon; Reduced chemical fertilizers; Organic fertilizer substitution; Climatic conditions;

Initial soil properties; Land use
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B AE ™ A HUB AR R RN 5 iR A 2, B TR, 25008 3.93%. 3.84%
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SRR/ T 10 °CHY, SOC i 2K e K5 N 8.39%, 4 %K AE 600~1 000 mm B 45 2K 52 K, 4 5.07%.
BHHIEBERILIE TS, USIRAKT 15°CH, SOC #MER K, N 15.60%, 2pFEK/NT 600 mm
IR SR, N 13.83%. JRALAR T, AFEMEK SOC Fikiit, A 2.07%~2.59%. A HLAE
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F114.63% (K 1),
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Note: MTZ, Medium temperate zone; WTZ, Warm temperate zone; SZ, Subtropics zone; MAT, Mean annual

temperature; MAP, Mean annual precipitation.
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Fig.1 Changes in SOC contents with reduced chemical fertilizers or organic fertilizer substitution under different

climatic conditions and geographic environments
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14.91%~16.86%. WAL, WHEAAE T, “PIM6E 80T 20 mg-ke! BMIMGHE B /N T 75
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Fig. 2 Changes in SOC contents with reduced chemical fertilizers or organic fertilizer substitution under different
initial soil properties
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Note: O, orchard; VF, vegetable field; F, farmland; RP, Rice paddy; U, Upland; P-U, Paddy-upland rotation.
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Fig. 3 Changes in SOC contents with reduced chemical fertilizers or organic fertilizer substitution under different
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altitude; AP, available phosphorus; AHN, available nitrogen by alkaline hydrolysis; TN, total nitrogen; SOC, soil

organic carbon; MAT, mean annual temperature; MAP, mean annual precipitation.
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Fig. 4 Relative importance of climatic geography and initial soil physicochemical factors on changes in SOC

contents
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RO pH ALt + 3 HUBR AR A B B B 5 (1B 4). BEAE BI4R pH FITH, it e
SOC R A K@, EHTRER L. —T7i, X2 TRt s 7 Hsmi, A
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71 SOC VAl FERAEINEIR, X AT RERBMEIRE T SOC 45 5% fe K i 2 22 JE PR 22,

it A A S 522 SR 0 B R HE T S SRR E TS . W4R SOC ikt
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BRI RS BRI, ANERIEIF A2 SEE VR RES K. AOFFRIIBIEIC T,
TIRARMA RS B R E LM, AHERE T AR ZC, TIU6A R ALE R XL
FEIRHE 13 SOC HISUM AFEZE R . AIEIRRN], BRILIE T A XS = R B T +
R E A BN RS YE, IXIRGE T AN AR, AR A 2 (<10 mg-kg
D F SOC AHgmpkaYs . i ISR i AL I AL AR R A T (B 4D,
PO M T IR BIIRAR R PR 2R 70 DN 7, e (0 8 5 B vl P IR A SR A O e
2% SOC HIPRES, PRl LI U~ SOC Rk (& 2).

N[ At R SRR A R 75 2RI 5i 2 S o L I et 39 HLIR F AR 16 o ASTIT
FERIL, AR SOC HIR AL, Ym T3 (B 3). Poeplau ZFSHl I A 7L A HL
AL T A LR G R R 2 TR, XS AHT A R . DA HTERN], R SN
B IR A D GRMEI R L], (BRI S s SERME R, BRI REIEAS
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WL, HASEEAN R, AFF SOC AR, sl 7= 0 & B e, Hik
N ZAL IR RIS . ABTFT, DI T A R AT 308 SOC ¥ R RER
s, HEAREE . R IE S A = BRI R BN, (E K AR SR LI IR R
PREIREE 1A B A 8
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A ST B BIEAN TR 2y, BB AN A A TR BRI AR R 290, A HLIEIE AT i
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RIA WUIEE AR A R (5 i 1) 37 ATk g P A A X 1 375 128, AT 8 5 - 39 £ [ e
#7710 1 Dash PR IUEAANEFTHEm L5 CON, MAEMAEKZR S /e RS,
et T AHURAIAR B o AW FER A HUILEAS AN [F U (0 3 HUBR A7 225 AN, 1
i b R BRAR VORI R . iR ORI (B D)o BAREC IR AR IR A A L, I
PR, TR ECE m AU AE A, (B AT R I SR om A A AL A R fE
o T A HUIE AT AUy A HUBR AR BRI AN 52 A 52, (RN I8 52 N9 B
ST AFRGEREE . FEKARERCE A N AL B A B it T H AR R (K
D)o AUEFIERAE T LR BRIE A (0 H R 1, E ALY RN 5 B0 3 HLRR K
HE R, AR AL, ER R B XCA PUIEH A5 3R & 5 i AR
AN, WA R RO R IR X R 2 PR R R X, AR RS,
XA BUBR 1 2 A I 2 s 2, 1] VA NUIER g, HAe @ s o Wl e, XaH T4
HUBR AR R4, SR A AEAN ], A UL BT 1 GRS 38 HLBR AR AL (1 2 2 A
(B 4D, Btah, HEH DA HUILHE RIS A HUR K (e 20 BB SO s g, (2
AW TR DL O BRSO S, AR T AR R,

AHEERT, AFELZEPRE R ZR, HRZ AN RN L, X2
FON B IE A HUIE BN 5, 32 ZEOR B AR R 38, 22l B e A Dt [ 1 e P FR 5 T Ko
(61, AHF FE 3 S DU 8 33 LA A HUBR AR 38 0 2 25 v T rh PR AR TR 38 (1 2D, X
& A BARE) pH 21 3R AP iE e, XA VUL B JE AR I BRAK, M BEAR 1 4o
IREPACIEEZ AR

JERIIRA HL & B BRI 3R T B X [ s 1 AN R 04, (HAN R A6 A HLAR K
FEBAHIEERT SOC MR RIEFAMIE . AT DA Z v A HUIE B AT LA Hlax
A T (B 4). BRI IR (<50mg-kg), A FIRIAR 2 RU/mfE RS 2=
AHEE AR APIREIRI B0, Higiar. saEaiueENT, Marmmmg
R, TED ™ B ENEF IR TC B2, X BT AMERR AN 3G VLR TRk T 2
& 2258 KRB FUL KB, A HUIEE A IR IR RO MU R X SOC [IFZM 4 AN 25
4). SRITA BT SR BRI Z AN A K R IUE S, SBCESETEL Y CN M
C:P Jh, WCEY SEYIERSEA R, FnEy™ A iU RS T A RS AL EAR
N A KSR SOC IR 5 OB RIs R ZAH I o SE B IEYER B, T3 A & &
5 H PR MR KN RIEATE, NEEREAE B, AVURARXMEG R E R I, XA
GIRREDIRVIDEAT

AHEFTA, A PUIEEACT AU A G 08 H s R ARyt . AR FRR B (B 3). 31X
H T St A FHMD el e A B ey, AR E R, IR R r i, HA UL R A
TSR B BN A R A i - SE AR X R, RIS S B, B
ARG R 2R, AR T A LR 3 AR 7K RN I AR At G H
AHUEEACT A HUER G0 th e BURAR UOK e 1 . K AR (A 3). M5, ££
TR HH AR A K AR v, TR T BT T A HUBR BT Ak, JFREAR T A A HLIE
BRI, et T A MUBRIAR R IS). 0TI AT DA 25 FRAR B CHL HERCA L2 B0
O 568 J3E 3 ) T SRR A K A LI AR RACR i) BF TR BT 18 R AR RO A2 Tk
AR RIRRR S K N S 40, A B A HUBR AL R o SR B A TR WK B R
R M AN SERE T LA B, AR AIARE VAR, SR 5 I s A D I P 3 A HLA
B RIS2), R, A PUIEEACT FHEAUK HA VUG R A T BEA .
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A REIEIE ™ I HLA SR TN FE 2.61%, TANLIERAC T RN 14.39%. A itAE
HRETR, 7 #vs X B SRR 4 B A R T A AL [ 5 . BOR E AR, P AR
] P 0} 2 2 A LR D 5 B K o Bl W46 LB 1 BeAG A A sttt - S8 M LB e 4k 22
DI, mAVAESRTIEEA R ENZER. WA LIEYIG pH. A 08 R3E i bLK
TSR B, A AR T A AU I T BRSSO AU B AR g s B AF S
Z AR . pH AR R4 A2 5 Ak AR A HLIE & A H A MU A R EE N T, b
JEYAE T, AN ) 3R] A3 ML 1 2k R BN Rl 5 4« IR HLA8 v T3, AFEA
AR R TRICYEHE . KRRAERK AL, mEATEZEIRT, AHURE BRSNS R I
NS 5 A FRARE ELYS w1 b, A AR 28 R 40 v B IIAR R 7K A 1 L /K FRRDSE 1
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	图1 不同气候条件和地理环境下减施化肥和有机肥替代土壤有机碳含量变化率

