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Abstract: [Objective] Accurate prediction of the spatiotemporal distribution of cropland soil organic carbon density (SOCD)
is essential for assessing regional carbon sequestration potential. Although existing studies have extensively explored the
spatiotemporal dynamics of SOCD using geostatistical methods, machine learning, and process-based models, further
improvements are still needed in reconstructing continuous spatiotemporal changes in cropland SOCD, identifying stage-
specific patterns, and quantifying uncertainties under complex terrain conditions. [Method] In this study, Guizhou Province
was selected as the study area. Based on 2 295 soil samples collected from four periods between 2006 and 2024, together with
67 covariates, a machine learning model was developed using a space-for-time substitution approach to reconstruct the
spatiotemporal dynamics of SOCD in the topsoil layer (0-20 cm). [Result] SOCD in the cropland topsoil of Guizhou increased
from 33.48 to 36.89 t-hm™ during 2006-2024, with an average sequestration rate of 0.18t-hm2-a™! (95% CI: 0.15-0.23t-hm
2-a’!). The trend showed clear stage differences, with a faster increase during 2006-2012 (0.22t-hm2-a’') and a slower rate
during 2013-2024 (0.14t-hm™-a’"). Over the past two decades, about 95% of cropland acted as a carbon sink. Higher
sequestration rates were mainly found in Zunyi (0.21t-hm?-a’') and Qianxinan (0.22t-hm2-a’!). Among all variables, soil
temperature, soil moisture, and organic fertilizer input played the most important roles, with relative contributions of 14.76%,
9.81%, and 9.08%, respectively. [ Conclusion] These results provide a clear picture of how SOCD has changed over time in
Guizhou’s farmland and offer a practical approach that can be applied to similar studies in other regions.
Key words: Soil organic carbon density; Space-for-time substitution; Machine learning; Cropland; Guizhou Province

T 3EH YUK (Soil organic carbon, SOC) fE Ak H H3EAL J1 T B 28k, AMESZMR/EY) =8 A1 1
BefgpE, M BAESBRARAR A P E B A U2, AHERURE %, RZ T SOC FEIEE R, A
Pl FR R, HOR U S N9 B AR Lt B D BBURR B4, PRt AT SR A B 3R 2 148 SOC
I 2R T AR AR, 0T RN AR AR  CRIERR B 22 4 SEIR 4 BR AT Kk R H bR 48 25 BT B (57,

BT, SOC i 2484k 3 BER A i FE AR R AU £ = L 31 1&] (Digital soil mapping, DSM)
AT EAGAG S . R FEEEAL (41 DNDC. RothC %) MAEYIHhERAL AL 2 %) B R 2
EAERREZ SOC M AL AEIEAINY, T IS Y S5 K 5 2 80 7 S8 R R, DA R = 1) 5t s N\ 5080 Pl 3R 45
A REERI AL, WRE] T HABEIRE S X GE HI 1. DSM Al HE T 2B SOC # sk
i, R MGt EN B A8 2 ST AL 02-14T0F SOC FEA [RI B [B] 5 a5 3 AT 2437 F) 2% (B 0 53 v 3
R R 2R, 3R SOC B A AUAE B o (H i T2 I Byl &5 SRAH I ST,  HELUR I SOC I3
AR B RFAEDS], B 24X (space-for-time substitution, ST) EAENIATR#N FIAA EFRA4E T HT11
WHFEER . ST ML CMERAE T, SR H ARAR 84 (8] A2 S P ] 7[R 3 5 HL B I 1) 2R AL R 7
NI R R FH 25 TR B A 2 HE BT T RV AR AR 0017, ST J5 ik AR AR S R Gl B U812 [ s A B AR Ay 1)
SRR IZ N, HAE DSM AEZL (1) SOC B 73 A8 1 H1 7 g S ANHf o 14 43 B 0t 9 R AT A vt
AR, SEAESR, B GHLEF >T 1) SOC IN = FlwH it CHR R 2 e . (HAE S M S5 2%
IR A XIS, MR SR A PR P AR A A AR S ok DA SR S Y B A
SRR e R 2 BRI, A H 3 HLBK S E (Soil organic carbon density, SOCD) JESER 257548 ¥ 51|
A B BRI B AN E I AT T I BOR P

SN AT FRE VU B R TR AR A X, R R R AR A e 5 DX IR B A A A X TR
RSk B oA, LR S, SRR B XU SR, AER ) E & SOC [N
oA, KT IR X A . SRR RS RGRAIEIA IR DAL ) e IR B S B A
T e AR, STIMACH SOC #ha 32 HARMIE 5 N ONE BRI SL [RIFEME ,  BA 35 1) 23 1) 5 o A R
A — 51, AR R RS RRIR E BE s 22 7, DASOK RS I i 7 7 A
WFEH SOC FIM A AL 75— T, AW BRI At — 548 7 SOC AR 2
R E . BEAh, 3RE U 23 o0 A AN S R 1 1 X SOC shas ik ZIm . Hal, SAHr
T2 VLR E I ) SOC A 1AI4% =y, BIE LA RISy T 45 R AT Z (0 M, 3R 2w ke A< B SOC

http://pedologica.issas.ac.cn



+ 5

Acta Pedologica Sinica

KM LA AR S B B MR R IR B = RGTIAIR . PR, 55 [BIE DUR QB R m . (1) a2
I —4EK, BEIMACH SOCD & 15 HraL i in, ﬁlﬁ?)“z R BRI B ? (2D S
SOCD I 7 5 A% ) = PR 3 e AT A ?

T, ACUIFMNE R HRE SOCD ARG G, SiaZWSeEEA . AR R IZ
RSP E, WA T A BRI IR, B 2006—2024 F AL HEE (0~20cm) SOCD
W IEAR A, AL S AR R AT E Y, IR EEIREN R K . W AU 5 AT N e
X A FH 3B RAIPPAl . A R B T B IX 3 3 e B R I 2 KA

1 BT

1.1 #EXER

R X NTINE (24° 37" N—29° 13’ N, 103° 36’ E—109° 35" E) (1), HAbIRETGRS
Hh X AR o 12 X8 BT IR I 2= KU, AR IR, RV FRI, IR 14~16 °C, FFIFEKE 1100~
1300 mm. AMELIEE. iy E, ﬂﬂ#ﬂd@@%?ﬂﬁ& R E AL PIRHIE, W BTRe s S
oA, HOEERRECR. MRS S, WERSE T, KR EEAREAKE . A
FEERIR LA A, DARRP DA ZJCE\ VLR AR RS . AN E S B AR
WA NAWHERE . LR RO K ORI RE 71557 I AEE 22 5, S so i DX e R A . R i b %
I LR A (8] o0 A P B H AR R . SoINAE I 2 B e R A B FR AR L TR A K AR FE L.
EFC XAk DA AN X B o 3, RO A P2 32 M . KSR A RN o BE 5 3 (RIS )

+ HHERFE £ Soil sampling sites
9 ## Evaluation/m
162~746

[] 746~1086
I 10861447

0 175 sokm [ 14471893

—t—a B 18932871

1 SN AE IR K 1 HERAE 250
Fig. 1 Topography of Guizhou Province and distribution of soil sampling sites
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VE: N NFEAR B 5 .GBM NBEEIE Tl (Gradient Boosting Machine); DNN AR EEHZE 2% (Deep Neural Network);
SVR AR (Support Vector Regression); RF NFEHLARAM (Random Forest) #7 ., R? FyHtsE 2% (Coefficient
of Determination); LCCC A K —EPEM < RZ% (Lin” s Concordance Correlation Coefficient); RMSE N5 tRiR 2
(Root Mean Square Error); MAE AN FI4i5%Fi%% (Mean Absolute Error). Note: N represents the total sample size. GBM,
DNN, SVR, and RF denote the Gradient Boosting Machine, Deep Neural Network, Support Vector Regression, and Random
Forest models, respectively. R? is the coefficient of determination; LCCC is Lin’s Concordance Correlation Coefficient; RMSE
is the root mean square error; and MAE is the mean absolute error.

P 2 AN [ R 0 o0 A s oxe L P
Fig. 2 Scatter plots comparing prediction accuracy of different models
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regression between annual SOCD and time. *** indicates P<0.001

K3 SR RIEAHEREE (SOCD) Fhrshis
Fig. 3 Interannual dynamics of cropland soil organic carbon density (SOCD) in Guizhou Province
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Fig. 4 Interannual dynamics of cropland soil organic carbon density (SOCD) in prefecture-level cities of Guizhou Province
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Fig. 5 Spatiotemporal distribution of cropland soil organic carbon density (SOCD) in Guizhou Province
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Fig. 7 Factors influencing the spatiotemporal variation of cropland soil organic carbon in Guizhou Province
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Fig. 8 SOCD change rates of croplands under different soil types in Guizhou Province
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