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Abstract In order to explore the key factors affecting the spatial layout of Soil Organic Carbon Density
(SOCD) in cultivated land, based on the “China High Resolution National Soil Information Grid Basic

Attribute Dataset (2010-2018) ", taking agricultural area as the research unit, hierarchical regression model
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and spatial regression model were established to analyze the relationship between hydrothermal condition,
vegetation, fertilization and straw returning and SOCD of cultivated land. The results show that: 1) The
distribution of SOCD in cultivated land showed great differences among all agricultural regions in China. The
paddy field SOCD in desendding order is Northeast, South China, the Middle and Lower reaches of the
Yangtze River, Southwest, Huang-Huai-Hai, Gan-Xin and Loess Plateau region. The SOCD of dry farm in
descending is Northeast, South China, Southwest, the Middle and Lower reaches of the Yangtze River,
Gan-Xin, Loess Plateau and Huang-Huai-Hai region. The highest values were observed in the Northeast
region (paddy field 7.60%£2.39, dry farm 6.58+2.75) , while the lower values were observed in the
Gan-Xin, Loess Plateau, and Huang-Huai-Hai region (paddy field 3.08%1.29, 3.09%0.38, and 3. 15%
0. 43, respectively, while dry farm 3. 24%1.27, 3. 11+0. 97, and 2. 78+0. 36, respectively). 2) According to
the results of Hierarchical Model I, natural factors play a dominant role in the spatial difference of soil
organic carbon density of cultivated land in most agricultural regions (R*>0.5), and the interpretation level
of the spatial difference of SOCD in all agricultural regions increased to different degrees with the addition of
human factors in the hierarchical regression model Il, among which the Huang-Huai-Hai region was the
most significant ( A R’=0.152, P=0.001<0.01). 3) Through the model parameter test, the linear
regression model was adopted in the Middle and Lower reaches of the Yangtze River, the spatial error
model was adopted in the Northeast region, and the spatial lag model was adopted in other regions. 4)
There are both commonality and difference in the influence mechanism of SOCD in different agricultural
regions. The altitude (X;) and straw returning area (Z;) have positive effects on SOCD in all agricultural
regions (corresponding coefficients of X; , Z, in all regions are > 0). The effects of hydrothermal and
vegetation conditions, soil erosion, fertilizer application, irrigation, agricultural machinery use and grain
yield on SOCD of cultivated land in different agricultural regions were different. To sum up, the spatial
distribution of SOCD in cultivated land varies greatly across the country, and the factors affecting SOCD of
cultivated land in different agricultural regions are different. Soil organic carbon sequestration strategies for
cultivated land should be adopted according to the climate and land use conditions of different agricultural
regions. Soil amendments such as biochar should be used in the Middle and Lower reaches of the Yangtze
River, South China and Southwest China, and precise proportional fertilization should be promoted; soil
amendments and conservation tillage techniques should be adopted in the Northeast region, and precise
proportional fertilization and irrigation should be promoted in the Huang-Huai-Hai region and the Loess
Plateau region. In addition, all agricultural regions in the country are encouraged to implement straw
returning to the field and continuously improve the method of straw returning to the field to promote soil

health and sustainable agricultural development.

Keywords cultivated soil organic carbon density; hierarchical regression model; spatial regression model;

influencing factors; policy suggestions on agricultural producing management
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Table 2 Scope of agricultural regionalization
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Table 3 Influencing fators of cultivated soil organic carbon density (SOCD) in cultivated land

PR R Al A £
Factor type Variable Indicator
X, A IR Average annual temperature
X, A $4 % 7K 5 Average annual precipitation
X A 34 7% & 5 Average annual evaporation
X, I & A AR BT U UL L % Photosynthetic active radiation absorption ratio
SRS e e .
H = X, K = Altitude
Natural
X ¥ B Slope
X; - AL FE 2L Leal area index
X I — fk A #% #5 %L Normalized vegetation index
X, + 442 ML Soil erosion modulus
Z S it H 5 Nitrogen fertilizer application rate
Z, W M Jiti H & Phosphate fertilizer application rate
Z, A it ] & Potassium fertilizer application rate
A Z, A7 5% E W 1 B Effective irrigated area
Human
Z, A HLAK & 3 J7 Total power of agricultural machinery
Zs WA i Grain yield
Z; & FF 36 H 1m0 L Area of straw returning to field
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Table 4  Statistics of surface SOCD value of paddy field in each agricultural region

[X #{ Region FE A BB Sample size SOCD/(kg/m”)  CV/%
7~ 4t Northeast 1402 7.6042. 39" 0.31
42/ South China 1 096 4.5340.85 0.19
JLl\j[iillr: ;cﬁlower reaches of the Yangtze River 4767 4 310,667 0-15
i Southwest 2 108 4.154+0.99" 0.24
# I 1 Huang-Huai-Hai 417 3.15+0. 43" 0.14
H ¥ Gan-Xin 103 3.0940. 38° 0.12
W 1 7= 5 Loess Plateau 15 3.0841.29¢ 0.42

TE Al 7R FOR 28 53 3% (P<<0.05) . R,
Notes: Different letters indicate significant difference (P<C0.05). The same below.
x5 BFERURXEBHMFTETEFIKREE(SOCD)S&it
Table 5 Statistics of surface SOCD value of paddy field in each agricultural region

[X 3 Region FEAR $ i Sample size SOCD/ (kg/m*) CV/%
7~ b Northeast 1941 6.5842.75 0.42
£/ South China 432 4.79+0.92" 0.19
Vi Southwest 1524 4.35+1.20% 0.28
JEI\Zigiilr: Il(;}ﬁllower reaches of the Yangtze River s 4215081 0-19
H#r Gan-Xin 905 3.24+1.27¢ 0.39
# 1 % B Loess Plateau 1118 3.1140.97¢ 0.31
5 fE ¥ Huang-Huai-Hai 2 060 2.78+0. 36 0.13
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Fig. 1 Global Moran Index scatter plot of organic carbon density in cultivated surface soil
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X Ay Sk 25 00 [ 5 ), 6 B IR VA XA B 3 OE ] 5
WA I i ) B (2o %k 2 g it IX Ay i 385 1 1) 52 0, Xof
PG R DXy S 25 A 1w 5 ) 5 B P R (2 % B T
HHE 4 i D Xk 3 S e, X AR R X B 3 OE
) 5 5 A S0 T TR AR (20 % B I X K 5 OF 1)
S A ML R B f (Z) X KIT v R iiEIX o B3
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Table 6 Parameter test results of spatial regression model

AT A T i X
~ Middle and .
16 47 e K
Lower reaches
Index Northeast
of the Yangtze

HB X

Gan-Xin

River

Huang-Huai-Hai  South China

PO Ry X

Southwest

BRI IX AR X B R X

Loess Plateau

5% 22 IE B

Test on 0.326 0.932 0. 000
normality of

Errors

25 [] A 26 M

K 38 0.230 0.028

Moran’ I-error

25 [a) i e e oK

L1 9K #6; 2; 0.713

LM-lag

75 ) 18 25 B K

0L 9% K 45 0. 040°

LLM-error

735 A i 5 e R
BI85 ) B2 fek
P 6 36

Robust LM-lag
75 ) i 25 fe K
BL R 2 i) B2 ik
4 K 38 Robust
LLM-error

i A
Applicable LRM SEM SLM
model

0.057 0.006™

0. 005" 0.833

R’ 0.724 0. 940 0.825

0.442 0.576 0.000 0.768

0.065 0.039" 0.000™ 0.074

0.005™ 0.328 0.000™ 0.563

0. 895 0.911 0.001" 0.992

0.001" 0.080 0. 000" 0.508

0. 085 0. 146 0.043 0.748

SLM SLM SLM SLM

0.842 0. 680 0. 847 0.921

o FORAE P<<0. 05K EAEE LA RO B3, o+ FRAE P<<0. 01K EAERI B AR B3 . T 1Al
Notes: * indicates that the model has a significant degree of fit at P<Z0. 05 level. ** indicates that the model has a significant degree of fit at P<<

0.01 level. The same below.

(Z) X T R i AV R Xl S 3 6 1) 52 ), %) o
I X A I8 3 IE [0 52 0 5 R FF AR i AR (2 % i i
TR FN PG B X35 Sk J O () 50
R o N

B B gE R B, AR BE L SOCD B 52 i 65 7]
T A T R KR 1] T 1E 18], 2% Ok BY R I A R N
ot AR gT 4 R R P, K A R Y
B ZRAL IR IL A R U X A B SOCD , ¥ K IR

P R A AR AL X X 9 B O 8 3 A 1) 5 o 5 AR 4 B OK
TE P4 B X 2 B S 35 IE [0 52 ) 5 4F 2 28 R TR AR L

DX 3% Byt 3 G 1] 5E R o K S O I 0 4 AR Y
WF5E 45 R — 20, W X Pk SOCD /K F sy, L S
JK B B AR O PR B 2

FE B A% 1 2 35 52 W 1 R LR R O R YT
TR U XA R SOCD. A WFFE R, AL 4
It TR A T LB O A AR Y TR
Al Az 7 R Bl G AR TR 3G 5, Al A 7= T e
R B A B AR A RTAEY , ik A,
li] 4 F8 23 BE B OG5 B = L B R 200 ~2806, Ml
b H Ay BE B B A R R TR RO RIS 7800~
90% . HANMRAET: i % kA B L 3 1 A AL



52 1 FWREF 8 b A OB H - e AL B B Y R R 2R o BT 9
%7 SEEABDER
Table 7 Results of hierarchical regression model
X 3 53 2 A , , AF B P
Region Hierarchical regression model R AR P of AF

KL R i HRM 1 0.671 0. 000
Middle and Lower reaches of

the Yangtze River HRM 1I 0.724 0.053 0.110
skt HRM I 0.926 0. 000
Northeast HRM 11 0.947 0.021 0.324
- HRM I 0. 149 0.737
Gan-Xin HRM II 0.168 0.019 0.995
o HRM I 0.646 0. 000
Huang-Huai-Hai HRM 11 0.798 0.152° 0.001
. HRM I 0. 580 0. 000
South China HRM 1I 0.648 0.068 0.365
5 8 HRM I 0.315 0.355
Loess Plateau HRM 1I 0.329 0.014 0.999
7 HRM I 0.891 0. 000
Southwest HRM II 0.921 0.031 0.212

[ HRM L 32 WA A R — s HRM I 43 2 AR — 0 A RPN RN , SRS B i SOCD 25 [1] A2 57 fif R /K T i1 2%
s A F 1 PRESAR R A TR IAHT S, 1R 0AF H SOCD 23 ] 22 S fif 8 /K T 742 £l 1 1 25 P AG 9 4 2R
Notes: HRM I, the first layer model; HRM 1II , second layer model. The difference of R-square represents the change of the

interpretation level of SOCD spatial variation in the regression model before and after the addition of human factors. The P test

value of the F change value represents the significance test result of the regression model’s interpretation level change of SOCD

spatial variation before and after the addition of human factors.

Hb b PR IE YRR AR AT A5 AR R B R Ok
X5 B H SOCD 1Y 5% Wi 8 7 W J2 T BE A I [0 W A
GILIREREINEA S SIS €3S i
A PR B A2 AL B L0 5 R R (R R R A7
O R EY EYRFEIEDONZEA X, 5
Mo b A R CHE 3 1 0 A e 45 D Y 6 R IR B R
AE 1], {ELLE 4% X3RO A TR i 3 0 A ek S B

AW 5T 45 B, - B4R il A AR b X B
SOCD =5 [a] 43 i 7= 48 7 W H 5 . X 5 o By 400
W45 R — 30, B0 R 5 IR R
AR AR

Jiti A XoF 7 FH A0 5 S8 A AL B B 52 i HIL A
FE 22 S0 AR AR R A Ak BB b P 2% T o TR i A R
Hb A HLRR A6 B R B O s R AR OE &
WLAELIKH R EAE R R AL R e e X, EIE i H

o R R AR G X3 B0 D dk 3 01 B2 i i a2 A i
FH AR VY R X 3R B O 8 3 T B, S A R,
HE it P B A A P DX SR B O 3 AR R . TR LR
My 2 B4 THE I R g X SR i P A v
i DX S B g 5 O 1) B 0 A A i A
DX 3R B O S 3 I 1) B2 0 A0 0 it U A 2 A i X
PR 0 2 o 2w (B AT ST A R TR
WA AR R 5 A F X3 SOCD 22 5%+ 2
[ B W 7 O R B SO AL, A B BE — 2D TR
W5 .

5T i WA] DL K 4R A PL Bk B
RS AT L AR 5 1 b 4 h oA HL A BT A
A IFRES i b R AL DRV RE , B M AL B
AT S, oo ) B S, o ik AR AN A W)
14 A= BEHE E, DA T 38 9 - A AL I e (L AL R .



10 0 LN ES I Y NS S 4

2025 4F 45 30 %

x8 MPABBER

Table 8 Results of regression model

2 e [ 1 455 A 2% (] R 22 A5 Y 2% ) il S A A
LRM SEM SLM
e LT THE i
Middle and Lower RALIX HHr X T E W IX 1B X L= PH g X

reaches of the Northeast Gan-Xin  Huang-Huai-Hai South China  Loess Plateau  Southwest

Yangtze River
R’ 0.724 0. 940 0.825 0.842 0.680 0. 847 0.921
X, 0.292" —0.301" —0.011 0. 040 —0.070 0. 066 —0.186"
X, —0. 000 —0.003 0.012 0. 000 0.000 0. 000 0.001"
X, —0.002" —0.006" 0. 000 0. 000 —0.001 —0.001 0. 000
X, —1.559 —4.767 3.384 —0.653 —5.867" —0.403 —7.757"
X; 0.002” 0. 004 0.001 0.001™ 0. 000 0. 000 0.001"
X —0.060 —0.587 0.220 0.429™ 0.079 0.268 —0.026
X; 0.343 0.602 —0.771 0.397 1.046™ —0.276 1.435"
X —0.819 0.116 —4.518 —1.375 4.977" 2.418 —2.538
X 0.014 —0. 145" —1.233 —0.009 0.017 0.011 0.001
Z, —0.018 —0. 055 0.094 0.009" —0.057 —0.065 0.104
Z, —0.021 0.112 2.514 —0.009 —0.050 0. 254 —0.511"
Z, 0.051 0.183 —12.403 —0.032° 0.184 —0.523" 0.221
Z, 0. 000 —0.019 0.150 0.000™ 0.029 0.001 0.048
Zs 0.002™ 0.001 —0.020 —0.001" —0.001 0. 002 0.001
Zs —0.001" 0. 000 0.016 0.001 —0.001 —0.005 —0.004"
Z, 0.012 0.018 0.047" 0.073 0.444"

TE X AR X, AR B R i 5 X, AR R 2 Rt 5 X, I A O SR WO L 35 X, R A B 5 X, BB 5 X, I TR 0 X, U — Al A e 4
B Xy, B IR MR 7, ROLHE A 5 Z,, B MU JH 42 5 7, #0042 5 2, , A R0 i A 7, R MUBR L 3 0 5 Zg, R 7 i 5 7, TG T

i AL

Notes: X, average annual temperature; X,, average annual precipitation; X, average annual evaporation; X, photosynthetic active radiation

absorption ratio; Xj, altitude; X, slope; X; , the leaf area index; X; , the normalized vegetation index; X, , the soil erosion modulus;

Z, , nitrogen fertilizer application rate; Z, , phosphate fertilizer application rate; Z, , potassium fertilizer application rate; Z, , the

effective irrigation area; Z; , the total power of agricultural machinery; Z; , the grain yield; Z, , the area of straw returned to the field.

BEAE T PR SE A5 OB X RS A BB A A R 1 9 HLE
JE AE W T SRR AL AT R A T X N Y i
D7 ¥ o O Bl R RS FE L I AR R AT R R S
B AS AR 0 BB A sl A A1 e Ak I B I . AR
KB, R FF AR H O AR P R ORD U U X R M
SOCD F£7E 3 1F 8] 5% W, % Al Hb DX I 1] 5 i)
KR 3% | 5 2k ] F— 25 X 4% Xl RS A 8 R v

SEE DO TR A OF ST, LA e B X B 22 R Y

2P0 B R W R N W ILIN O B S e Y
RATH T AR AP R X, K IR AR A% 1R A
AR T it FH 25 % B 3t SOCD 52 Wil 58 3%, 1 14 3 1 3 9
A J5T B S e e el RSP CIn AR W o 45O L) 42
e BF S LR K DR A RE 3, 2E T Al B K B R R
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Bl A 145 AR TR 2R B b T 7 A O AR 5 5 Ak
A R HORS Y TC LU it S ) Al A= 7= 4 it 4% B AR I it
FHXF7K B SOCD By 5% Wi AL ) ] 22 B2 Bt I8 7y 48,
A E 1k B it FH X LA Hi X K A 398 B 3 7 AR OE )
. XA TR E LUK R ALK, K
AR AE A A AR b X R SOCD $2 ) i 3, 75 ol 3%
- e A B DL v AR K R RE T, e M B i 56
T b AR Dl X M - B A I A B s e M DR
PEBEAE R 3 2 R BE L S B LA B s D B A5 A it
TP LR 25 R B kK Rk . T AT 4
FE DL MR S I T R A b R R X, R A% 1
FLAR AT it FH S #F 3 SOCD 2 i & 3, AT 2R BOKS v i
Fb il AT 1 ol A= 7 8 i, 4 R Ak E it 6 5 b
SOCD (1 5 AL 1 1] 22 B2 0 it AL 77 48, £ 2 Ak e
Jit FH X 2R A XK A 3 R 7 A I R, A,
Fili FF i FH D AR A GIE S5 6 BF L SOCD A T 1] 5% 1, G
LR T U T R IRV XA R ) N B il S it
FEIE W, R5 22 o KRS FF 6 [ 5 28, DUJR oF B b+ 5
U NEER S TN

4 & it

LT b [ e A B R R A RS N AR
PR 4 (2010—2018 4F) , AT e 143 M A 25 | A
A HT 7R T 4 1 4 Al X E L SOCD 43 1 4%
fIE, IR FH 43 J2 813 R 23 (8] ] AR 43 B T 4R
AN R R 2 X KAk X #F e SOCD 4 722 W52 i)
WFIRE5E T

1) 4 [ 4% 4l X #F #b SOCD 43 #i 45 1iF 52 31 4%
K25 KH SOCD & 2L RN AR I > >
KAV R E > P R > i > W > R m R X
F b SOCD &5 2K h AR I >R > P > KL
W R I > OB > A R > BT X, K H R R
M SOCD 43 it ¢ 1E AH AL, f5 i 49 R 2R b X (K H
7.642.39, 54 6. 58+2.75) , H i B 4y R K
e W X (K 43 5 R 3.08+1.29,3.09+0. 38 Ail
3.15+0.43, B 43 B Ry 3.24+1.27,3.11+0. 97
M 2.7840. 36, 34~ X 3 7K [ AT H SOCD 4 1
TG B 3 22 OB AR

2) M3 43 2 [l R — (HRM D, B H B L2
- BRI A, oAt A b X ] 05 5 8 B $0 5 7K RP >
0.5, H 2R BB 2 X5 KA 4 4l Xk SOCD (1) %3 []
SR FFEM . IAREFFE W A8 A H %

NRHEESEBR G 432 FHEEA — (HRM 1D Xt 4% 4
Ml X HF L SOCD =5 8] 43 413 22 5 149 i B K SF- A A )
PR T, o g X R 8 B (A R'=
0.152,/AF fl§ P=0.001<20.01).

3) 3 2 XA R AT SRR B KV R IR
FH SR A Inl 05 #5580 (25 [a] [ A 6 M AS B 3% Moran” 1-
error=0.23>>0. 1 H KRBT XS ER K, RILIX
K 28 (0] R 22 A A (25 (8] B AH 22 18 3% Moran’ I-
error=0. 028<0. 1 H il I 2 [A] 1% 2= 5 A & B
5, oAt JUAS X R FH 45 0] i J 455 780 (28 0] [ AH 56 P
2% Moran’ I-error<<0. 1 H i 33 23 [a] i 5 45 80 2 84
oL Tl

40 HR A 25 Al X ] I 452 780 25 5k il SOCD 1)
5 B 7E 45 A0l X REAT 2ot 25 5 W B v
(X)) FIAS FF A H I FR CZ) 6 45 40l X BF b SOCD 4
R TE 1) 52 W0 (4% X X Z, % B R R0 =>0) , K A
R B 25 F L 42l Ak BB it P TBE L A b WL R
FHRIAR B 7 5t 6 A R 4Rl X8 Bk i SOCD 11 52 il
FEZER.
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