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A Comparative Study of Farm-scale Digital Mapping Methods for Soil Attributes in the

Typical Black Soil Region

WANG Qi'*2, WANG Shihang®, TAO Qin" 2, LIU Feng"®, SONG Xiaodong' 3, ZHAO Mingsong®, XU Shengxiang" "

(1 Institute of Soil Science, Chinese Academy of Sciences, Nanjing 211135, China; 2 School of Geomatics, Anhui University of
Science and Technology, Huainan, Anhui 232001, China; 3 University of Chinese Academy of Sciences, Beijing 100049,
China)

Abstract: Taking the core demonstration area of Youyi Farm, a typical black soil area in Northeast China, as the study area. Such
as soil properties, topography, and remote sensing index were chosen as the environmental variables. Four representative digital
soil mapping models, ordinary kriging (OK), geographically weighted regression (GWR), random forest (RF) and random
forest-ordinary kriging (RF-OK), were selected to predict the contents and spatial distributions of surface soil pH, organic matter
(SOM) and total nitrogen (TN) contents in the demonstration area. And uncertainty maps of spatial distribution were drawn by
selecting the optimal model based on model accuracy. The results showed that the average value of pH, SOM, TN in the study
area were 6.63, 42.26 g/kg and 1.94 g/kg. The coefficients of variation were 13.67%, 29.50% and 31.98%, respectively, all of
which belonged to moderate spatial variation. In terms of the prediction accuracies of the four models, RF-OK model showed the
best performance for predicting soil pH (R*=0.83, CCC=0.84, RMSE=0.41) and SOM (R’=0.72, CCC=0.68, RMSE=7.36 g/kg),
and RF model achieved the best performance in predicting soil TN (R*=0.59, CCC=0.68, RMSE=0.36 g/kg). The spatial
distribution of the three soil attributes in the demonstration area showed strong spatial heterogeneity. The overall trends of the
spatial distribution of soil pH, SOM and TN predicted by the four models were basically the same, and all of them showed a

spatial pattern of high in the northeast and low in the southwest. This study not only provides data support for precision
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agriculture management in the demonstration area, but also provides valuable reference for selecting prediction methods of digital

soil mapping.

Key words: Soil organic matter; Soil total nitrogen; Digital soil mapping; Random forest; Geographically weighted regression

BLEMA FEIRE 5, BA e,
AR AR et AR B A X TR e A R
Ntz —P (E R 3R 2 X R
T, SR FHERE TR, DRER, 8074
AR AR IR SERARIRIRE, JTE S TR
AT RpE RS, 13 pH. LIEFHLIT(SOM)
1 A= B2 A (TN VR S SBT3 ot A - B IE )
BB PERRAE , £ IR A K A B R HAg
FEAL, X R RO T e A R
PRI, A0 8 R, e AR B - b
T, P&l A= P deas , 20 28 - X g R 1 25 )
IMARFRE IR T R b E 3RO, WAL E L,

VAR, BT B EIHOR T2 i T e 4
B, C— PR | A R A R A B
WP B 3S EREARMME LR, ENIMNFE
FHEPN T 2R R T DA IR T
JEPER A T A A . HET, # WA i g it
2 MESHTEE | Plgse ] MR G RIRIAE , Hrh T
MG T2 )y ik i3 38 v B A% 25 (Ordinary kriging, OK)
AR, TR 4R Duan 2V5R A OK 243
XS L pH 5 SOM FIIFg & 1 e HLax
(SOC)HY =3 [A1 A2 AT T 40T, 45 RERW, 7EA
(] ]2 T A ) - 3 P 2 ) A8 S A v, OK i1
REBURHELAF I TN Z5 5 . SR, OK ¥k X H—F8 45
HEATHEAE, JFR BB (B SR+ . HE
DRl i e R A ) g E R AR R T UG A
Bh A AR 52 Y 01 )3 55 B A% (Regression kriging, RK)AH
Lt OK ¥, REMT A Hide 7 4358 8 M %) 2 [a] A8 S A
sk Z M E SR AR 73 BISR ] RK 0 75 M 4
%5 SOM TN FIE#R T SOM #EAT T %5 [a) 434 F3il
SRR, B G N AEE AR 5 RK IERES A 3R =
TIEE TS B AN, BT R EA AR
M) - 458 Jag PR (9 PR AR T 2 23 (Rl AR I, A S
GeiteE T A REAR S AR 3R M R A e )
VS — B0 Rk 38 8] U5 53 B v 23 Ta) PR v A s []
MY SR AR, HBIEUINAY [T 9555 Geographically
weighted regression, GWR)ITAFEAE £ 338 Ja il (&1 v
RE R AR i, B HEENURL Costa
532K H GWR &5 Z2 R X v [ A1 PG 2R pg s L X
SOC 75 [l 53 A #EA T , - I XoF AN [RIAS A i) T 0 1 i

HEAT 0T 51 -

AR o FEAR VR R [ U A3 T 1 R R AR S A T 2
PEASTFA 52, SR SEBR b 398 1 5 PR BE A8 BRI AF
TEE R AR RV Wk, 2B EhLas
s E PN A BE ML AR MK (Random forest,
102} C N S [ | Ry S IS o s v e e 3o
PERIE, Horb, RF AMYAEISA B0 B LA A
T2 O BRLRE , 1T FLA EAR - b Ak B AR e ) 2 2% () Il £k
PESER, AT RAE - M T o i Rz
fin Liu 20 B RF AT 3R E 55— 90 m %5 [A]
Sy HERE R 5 B SR (S pH. SOC Al
TN 28); Song 2% ] RF X R ALAAECT- I SOC Fil
TN F b7 723 B3 F0 0 90 m myZs [al Tl ; P
JeEAFPYE F RE X4 pH. SOC Al TN 45 )@
PEAT T 2S00 0 1 km BTSN, dheg RELRHY
mF 047, BEAh, —Be2E NG RF BRI AT 25 5
TMEE ARG G, B ROR A R —— Rl L AR AR -
be B A% 7% (Random forest-ordinary kriging, RF-OK),
T AL RS R B R A T B2 Guo )
K FH RF Hl RF-OK X 16} B S5 AR R i) SOM . #4725 [1]
SRR 30 m TN A, BF5E3A, RF-OK HA
BAR A AR 22 (RMSE)FIE i 1) R, ZE TN SOM
25 [ 43 A )5 AR T RF. Mousavi %Rl RK I
RF-OK X S A1 G857 JR 1Y) SOC #E4T 1% [] 43 3¢
R 30 m TN, AR R 4350 0.33 Al 0.86,
RMSE 43314 0.48 1 0.24., Zhang %42 JH RF I
RF-OK X 3% E VG R & 24 i JE 19 SOC #4711 25 [0 43
Bk 30 m FIIN, H RMSE 2050k 28.09% Fi
27.61%. 2 LRTIR, MFTsAa —Fh BT ey vk
RERZAE T A AN R 28 18 S Pk (0 00, 45 5 7
#AE HAE R PR, 17 FLAS [R) 398 1 X6 7 114 e AR 7
M5 AR o BRI, S A 1 0 - e i el A
XoF T e DX 3 A 398 e P %) o PR B R

FAHAR A AR AL LR 4 X A3 TR K
AW, B EE SRR E RS, A <P
ESE A" 5. SR, YaTHR - XA RE + 1
JEMEEE BRI, s B 90 m, HEL
T R AR AL 3 I FE oK o BRI, ARIF9E LA
RGO RTEIXCARGEIX, #H OK. GWR. RF
RF-OK 4 AR MECT Tl K 7k, X R X 3

http://soils.issas.ac.cn



432 +

e %57 %

pH. SOM Al TN & & #E47 25 [8] 3 A T Ko ANHf 5 73
Bro FEHARSE: ORHSMSHER 12.5 m 1
DEM F1 10 m B WIS QBRAE o FEE MR 5+, DA
et ve - v KRS B s @R LG 3BT 4 BRI R
X 14 pH. SOM FI TN [ FMPERE, LR LmiR
) S 01X - S8 S P 1) 25 () 43 AT A ) o R 285 SRHs Ry
RAEA A% 7R T DX e 5 R R RORG Al A 2 4
BBHE SR SRS %

1 #REFE

1.1 HREXHFR

WX A TEAR G 5 T R e VT AR VTR 5 5 LY T
ST U bl SRR Y R R SR M — R A
MR H o AL /RIS X AL A B
EHRTAAMEEE =, WHEAE N 131°27E ~
132°17'E, 46°35'N ~ 46°55'N(& 1), ARG 2 64 km,
MALTEZ 17.5 km, BRI ALK 974.5 km?, (5 A X
WIH R 87% Zidi. MBI VURIN kg, ARILAK
HEML, HPER M AR AR}, TR 71 ~ 413 m. 4R

WK 3.2 C, FEHFEKE 506.03 mm, SREEH,
A A PR T Y A o R PSR J D
BN &, 1B B KRG . KEMER, HHER
iR+ EEL . AR AT KERSGENTKE
PARAL A By LAV, 6T IR 1 AR 2 A Al
A B R L,
1.2 TEHEMRESNE

WL LE A2 BT IX Y 2 |+ Hi R AL
BE AT IAPESE R 2R, FE BRI 2S ] 3 A 1 5P S
AR b, SR AL IA% 5 i 2 A 1 A A 152
ME 1), T 2022 45 10 H hA) AT B MRS, A
F-Fr GPS U E e S EA S, I RAMAEIE LN
FREE B S 322 (0 ~ 20 cm) R HERE SR HEIT I8
RA . BRI A REL 1.5 kg BHEFES, 2K
TR, JEiELE 20 B 100 B 56 0 B s 44
pH. SOM #1 TN &k, Hr, +HEpH A 1:5+
KT LR P LA A A, SOM B R FH % T 4
AR , TN R ARG E R
P

KU Ly A il IX

131°40'E 131°50'E

132°0'E 132°10'E 132°20'E
T T T

z Z
S f=)
or 1L
O el
<t <
Z Z
(=) . [=)
ar +  EUELE 1%
N + i =
[ kapifesmtomiix
1 1 1
131°30'E 131°40'E 131°50'E 132°0'E 132°10'E 132°20'E

E1 #MREBREESSH

Fig. 1 Overview of the study area and distribution of sample sites
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Fig.2 Selected environmental variables in the study area

BEHLARMR(RF): J&2—Fa RIS EOT %, hE
BRA AN ] (CART) Y 4E B ML A% 7 > 33
CART HRALRE — XA A AR, il I 2k ok
TR AR AR B oA 12 At SR ekt AV
RBR S T BEN LR REATEA T YIS, R FH B AL R
FEER bootstrap IR 15 5 ZERIIARAE
BB, I8 BT AT PSR (& Y ~F- XA ARy
AGER ., fE RF BRI, YO %0 ntree Rl
PR SFER A5 50 24 F B BE LR AE B0 mtry 2P
ARS8 ARSI E miry Bl ntree PS4
439k 5 il 500,

BEL AR R —%30 7 BLRS (RF-OK): J&—Fleis B bl
AR T AR 25 A 10 7 i o TR0, BEHLAR
MR L Y S MR B E B R R AT, 2R Y

JaE PR S IAA D 2 AT A5 B GR 25 005 23, BT ik 2
TR AT 3 v AR s BJm , KGRI T (R
HY R 2T, 1525 X BEAL AR AR 38 v LA TR
A AR A 9 s ) U 5 SR P22 H A R T
FRA

f(x)=m(x)+e(x) )
Arp: o) WA RAE S x ZERYFIE s m(x) R FEHL
PRMALHY LA AR AT 5 o(x) by 5% 25 530 o0 HUAS A (.
(1% 25 101

HGE 2753 AT Hb B NAS 1] 5 K AT AR AR AT A
I FEYAE RA.2.3 g8, 4393z ] gstat ., spgwr,
randomForest I caret %152 1%, 312 i} SPSS 4%}
BTG oA, B SR04 0 A - 498 S 4 s [
I EAE ArcGIS10.8 #4Fh 52 il

http://soils.issas.ac.cn



5 2 39

ERRE R X 4RI R P vk L g 435

1.5 HEBETFMNSAHE T

R T VAR AS R S0A A PR g, R R 155 caret
I H Y createDataPartition PREIM 152 MRS FPREAL
P 76% HIFESE (116 MVENEBES SEE, Hay
24% ARG MHTENEAEEE 1), HT A FE
BEAY () PG BE o AR R 4 38 B IE, I X
PRSI S 100 WK, HCHAE- YR AR () 0 45
Ao [FEE, ZEICHA B A 100 YA AT
HIARIEZE (SD), Az BUbr i 22 R PEAR A AL T il (1) A
#E bR, SRS RIR2ZZ(RMSE) ., —EEHSE R
H(CCC)., PeiE ZRU(RY)FIMi 22 (Bias)4 I FlH& Rk
IR AL A TR Y TR A S

n

Z()A’z =i )2

RZ =1- i:l (3)
Z_;,(J_’z =i )2

RMSE = /%Z( Pi-y) (4)

i=1

CCC=— 27’7 %59 (5)
(Y — Y) +0,+0;

Bias =2 (7, ~7,) (©)

i=1

P n WRERRCR; SR i Ry N SEIE

FONFE; 5 WP o, Bl oy A RS

EAMBOE AR T R P 4050 S2il 4 5 F
(A1

2 HEREHW

2.1 RSt oW

FHAR O RTE X BFEAS | HEAR AL G UF 4
() - E MR IR G PR E N SR 2 B, Horp, R
T IX 152 DRE S pH A T 5.26 ~ 8.42, F- 4 M 6.63;
SOM & H#HYTEFITE 19.41 ~ 109.17 g/kg, “FHME N
42.26 g/kg, (HIHARMEZREK, PEHH /R 8 X R X 3,
] -8 SOM & B A AN FEFREE RN ; TN &&=l
FEI7E 0.94 ~ 5.20 g/kg, “F-H41{E N 1.94 g/kg. pH. SOM
TN B9 BEE 5050 036, 1.72 F11 1.76, WEREE(E
SrHIh —1.12, 6.48 1 5.80, 4 K-S IEZPERER,
pH(P=0.11) f1 SOM % i (P=0.16) & 1IE 75 7 fii
(P>0.05), 1fii TN &4 (P=0.03)AFF4 IE 540 A FH1E
PR X HEFEA T 1 B 4 . 78 S R AE(C V)Y RN AT
S A SR FEAR A AR SRR D, TR X o e
pH. SOM Fil TN (Y78 5 R E5 310 13.67% . 29.50%
F131.98%, HJE THERERNA S, b, BiF
A 5 FR SR T S A0 25 T A R 1k 8 R AE AH AR
(#2).

*2 TERTEBMHERFITHHE

Table 2 Basic statistical characteristics of soil properties in the demonstration area

FEA 1 E M /M SN A bRl 2 i B WA E 5 5 R (%)

BREA n=152 pH 5.26 8.42 6.63 0.91 0.36 “1.12 13.67
SOM (g/kg) 19.41 109.17 42.26 12.57 1.72 6.48 29.50

TN (g/kg) 0.94 5.20 1.94 0.62 1.76 5.80 31.98

HRIAE =116 pH 5.26 8.42 6.64 0.90 0.37 ~1.13 13.63
SOM (g/kg) 19.41 109.17 42.33 12.90 1.77 7.07 30.47

TN (g/kg) 1.03 5.20 1.95 0.65 1.90 5.90 33.41

BIEE =36 pH 5.26 8.38 6.59 0.92 0.35 ~1.05 13.99
SOM (g/kg) 25.43 83.91 42.03 11.60 1.49 3.81 27.60

TN (g/kg) 0.94 2.94 1.87 0.50 0.26 -0.25 26.46

2.2 AEEBITHINE E MR

ST AR R UE AR, 4 PR RS X £
5% pH. SOM il TN & i FiPRS FE PP 48 bR W3R 3. A
kB, ARG AN ] & 0% TR B R A5 5
X FHRAE , 4 FRBIRUXT 439 pH . SOM Al TN Fijl
RG> 514 0.60 ~0.81, 0.43 ~0.71 F10.28 ~0.71,
FUIAINT 3 FlBPERIFERER I HITE 60% . 43% Fi

28% Lh ks CCCHESMHIAE 0.75. 0.62 1 0.43 D) I,
VA 4 PR 4398 g AT AN ()R B A AR 5
RMSE fH 43 %I7E 0.41 ~ 0.57. 7.06 ~ 10.87 g/kg Fl
0.20 ~0.55 g/kg. Zif kKA, AR RF AT +
J% pH(R*=0.81, CCC=0.87, RMSE=0.41). SOM (R’=
0.71, CCC=0.79, RMSE=7.06 g/kg)fl TN(R>=0.71,
CCC=0.80, RMSE=0.35 g/kg)& R Mo,
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Table 3 Comparison of the accuracies of soil property prediction models in demonstration areas
e TR jEig S IIELE
R cce RMSE Bias R ccce RMSE Bias
pH OK 0.63 0.76 0.55 0.00 0.84 0.86 0.39 —-0.06
GWR 0.80 0.88 0.41 0.00 0.65 0.78 0.56 0.13
RF 0.81 0.87 0.41 —-0.01 0.79 0.82 0.45 —-0.03
RF-OK 0.60 0.75 0.57 —0.02 0.83 0.84 0.41 0.00
SOM OK 0.58 0.67 8.52 0.00 0.60 0.62 7.80 —0.86
GWR 0.62 0.76 7.26 0.00 0.32 0.42 13.99 0.05
RF 0.71 0.79 7.06 0.23 0.53 0.59 8.51 0.38
RF-OK 0.43 0.62 10.87 3.49 0.72 0.68 7.36 2.83
TN OK 0.28 0.43 0.55 0.00 0.48 0.60 0.37 0.11
GWR 0.62 0.76 0.41 0.00 0.44 0.58 0.47 0.07
RF 0.71 0.80 0.35 0.01 0.59 0.68 0.36 0.17
RF-OK 0.55 0.70 0.20 0.10 0.50 0.54 0.43 0.25

1. 13 SOM Ml TN 1, RMSE 7l Bias F 0744 Hy g/kg.
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Fig. 3 Scatter plots of measured soil pH in the validation set in relation to the predicted values of the four models
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Fig. 8 Spatial distributions of soil TN predicted by different models in the demonstration area
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Fig. 9 Uncertainty maps of spatial distributions of soil properties in the demonstration area based on the optimal model
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