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Fig. 1 Topographic map of South Jiangsu and distribution of soil sampling sites
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B, Clay. SOM1980., TN, Ak, pH., SD. CT,
Elev. Profc, Mat, Map. InputC, SM., ST,

N-fert 3 1544l B FiL A+ 5 SOM 75 1 ik 5 AH ¢,

A TE L] T SOM &% 4 45 [] 43 A1 Tt

F1 TEBNRSESHMTNEFHEXRE
Table 1 Pearson correlation coefficients between soil organic matter content and auxiliary factors
g R R Fhki KA 4
WA HLFSOM1980 pH
TN Ap Ak Clay SD
0.54" 0.75" -0.10 0.15 -0.18" 0.28" 0.17
i+ AR TR AR AR R i i A e B
CT ST SM Mat Map Elev Slope
-0.22" 0.44" 0.417 0.28" 0.18" -0.24"" 0.07
AR . Y 52 4 48 4L MR AERR A% FR it
1187 H % Profec
Planc CTI InputC N-fert
-0.13 0.16° 0.10 -0.30" 0.35"

e *FRMEMERE (P<0.05) ; **FRMEHEM B3 (P<0.01) Note: * denotes significant correlation (P<0.05) ; **denotes

extremely significant correlation ( P<0.01)

FLUR, T B IR ARAN 0 M 0 A B 1 19 154
S BTN R 7, Bk 2 R A A 8] g3 A 2 A B
b DR i 5 NS IR TN DR 24 é Sy VARSI T LN R E
oF A B T PR 5 5 S O MUAH S A i 555 36 A ] 25 [1) 33
077 32 UMK JEE B VAR W, A 2 A (AL oy i
Rerh, 5B T R B A S f i ) i B LI X T TN
FIAZ B TN PRI B0 LAE 2517 X b 20 #r o 32 20 [l
VR B 0 32 R DU/ EEI CATC) o fl i
bR, B PR R/ DAICHE B it =, ks F

MR 2E S ry H By, B LR FERFAICH
B, BB LR, AR ERUERL . Htk
PR3, PR B8 A O e o 1) Al B DN A TN Y 2504
T, %L Il E G e A 21 59 SO M B 15 B - 43 5]
J9: TN, SOM1980. SD. Mat, SM, Clay; #%
R 5 S OMAH G Je 3 (19 TN I3 P55 19 264 T
AP 0] A £ B Y S B B 7 AL 45 SD . Elev
Mat, InputC. Map., STHISOM1980IL-E 4K+
(%£2) .

&2 ETIRANKR (SOM) FailliHENE F B ZE S B354

Table 2 Stepwise regression analysis of auxiliary factors for prediction of soil organic matter ( SOM )

FERAR S Al B T

Removal of highly related auxiliary factors

NSRS At IS

Retainment of highly related auxiliary factors

HERIAIC: 766.13

HERIAIC: 665.82

TR TR 5 HF R E ALC TR TR 5 FS AN ALC
Model reserved factors Factor coefficient Model reserved factors  Factor coefficient

AR iR Mat -6.08 766.46 AR iR Mat -3.02 666.33

i FEElev -0.14 767.05 JKFE1-SD 1.74 666.47

FHEREST 5.69 767.25 FikiClay 0.10 667.17

AR5 R 5 Map 0.04 767.64 WG HLIEISOM1980 0.11 667.35

JKFE+£SD 3.12 769.45 T3 ESM 2.00 668.18

FRAER A AInputC -0.02 770.12 /TN 12.78 771.02
WIHHA HLFSOM 1980 0.39 797.60 - - -
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558 B 4% ( Regression kriging, RK) : ¥
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Z2 70 [l A T80 Y SOM Bk 22 47T OK T, d5e J 4 [ml
VS 3 015 7% 2 A O K Fi 0 {0 A fin 45 21 SO M A 3
fiit*

FEHLAM ( Random forest, RF) : H4EH T
2 A (8] U 7 3 A P AL~ AT SO MOWE I 5 41, %) il
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SZIRIFIREMSE . RERY, LB 5SOMAH
SR o 0 TN PP TNE, mery L 4,
53 A0 2 M e o A9 il B Rl TN mtry S PG AE A 1
1.5 Z[EMNEE S

SOM 1 %5 ) T W A5 B R ] 4k 37 46 3k #F 47 F
Mo AT AR TR g VR G IE 11 25 S T B AR
AL, B RE ASUBCHE 4R 23 W T A RS IR AR R AT =y
M7 IR (B GBI AL B =, oy = IR
HAp gy wi g a4, — M A RuEgdE g ) | 1
AT =P S 3R uE 100k, A 100045 2]
B Br TIE B4 A B SOMES 5 AR i3 25 i A7 25 (] 1
MRS BESr#r o Horh, #9075 2E (RMSE) BiH5

AW P
’ A 2
;Z (Zi - Zi)

K, ARSI TUNAE s 2 8 5 AR A S
PRAE s n R BEAANE0. RMSERYSE S /)N 35 0 i )

AT A BB O | RUJBE e 5 A5 B e A
PRI R HIRFRAF 04T 5047, H A OK . RKAIRF Ao =3
() T RS B 0 BT R RO 5 w110, SOMZS ] 4y

15 K FH Aremap10. 2844 471 &

2 45 R

2.1 SOME = WA S IHF1E

WA X413 KR S iR g o (E2) 45
2, Al ESOMY-2 & & 429.29 gkg ',
P E S ER T, 2879 g-kg™', EFILAL
I B4 8 R S SRR AR TRV TR R, W R TS
XU FRMEZE KT8 gkg!, BRAEK (CV) K
25%, A REEETRE, SOME & T7.75 ~ 58.31
gkg ' 2], Hh2EHN50 gkg . SOME I BRI
AL 3 BOM RS ) S A O S, e R R
0.35, WERE(E 70.75, FIAIELIES 37 .

R - A Max: 5831
- o #%/MB Min: 7.75
Pl Mean: 29.29
H1{f Median: 28.79
FiyEZE SD: 7.18
fki & Skewness: 0.35

IEe ¥ Kurtosis: 0.75
WRAEH CV: 25%
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Fig. 2 Descriptive statistics and histogram of soil organic matter

(SOM ) contents

2.2 A[EZE TN A 5% B TN A

AN TR 23 18] F5030 7 2 1009k = 3 4 37 58 31F 19 2%
B (E3) kE. OKFIEM MR ERK, 250H
T g 34 5 MR 22 (RMSE ) ¥{E46.97 gkg™',
ILRES#BESOM T 25 199.7% 5 244 4 5 SOMA Xk
B 5 B 4 B U N TNJS , RKFIRF N 7 2 Y
RMSE¥I {7 BIFEILE5.25 gkg ' f14.97 gkg™',
S IBEAR T 25%F129% , [RIAE, RKFIRFEJ5 ¥ i
45 RXTSOM U7 22 iy fif B2 B2 3 il 2 = 1 1 51% A
55%, RFJ7EIJ7 MR 22 09 DU 43 BE IR 3 RK 7 i
AN, RIS 5 SOMAH I B 5 1Y) 4l Bl 30 0 1A 5
TN, RFJ7 MR B 4r . SR, YA
4 5 SOMAH S 1 5 5 11 i B 0 ] - TN, 2E A
213 (] U0 3k 1 JHG A Bl B T 7 5 SOMLA) AH 56
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N, FUILE AR 5 SOMAR R 58 1 4 B A TN
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WAk, A AR A 5 SOMAH S 1k 5 38 4 i B 351 0
K7 TNHF, SOMAY T INDRG 2 22 45 3% 4 il B Tl K]
TTINEHIE, H TS AR OK I i 5 o

75 7713 Method
% % OK 18 5, BL A%
7.0 F M RF BEHLARA
o i . BRK 5 EE
2 65 H@H %
;‘ﬁ 6.0 |-
E'é o
R 55+
® =
50 F @n
45 |
GEOS No-TN TN
Gt b= AL

TE: GEOSFRTEHM Ik TNIURB AT No-TNLRE
A% B4 HT Note: GEOS stands for kriging method; TN for
the factor of total TN; No-TN for exclusion of the factor of TN
I3 AN [ 2 [ F90 7 vk B9 000 2 2 % G
Fig. 3 Comparison between the spatial prediction methods in

deviation
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A ] 7 325 T B9 SOM 75 2 23 [ 43 A5 (B Sk /-
(KE5) , SOM® it %5 [a] o3 Aii 1 S A 3 KAk —
H, FERIAFGE X VG ER A ST BH -4 b - B — 2K
TEAEXS AL, SOM Y ARk 4L h 7E15 ~ 35
gkg™, I IX AR B AR B S 4 R - B L - SR
— 2k SOM 7 i A XA iy , R 2 k25 ~ 45 gkg '
OK Jy ¥ Tl iy SOM % 1t 4% [m] 43 A7 A5 =X 6 8 oy L
A2 JRER oA B Bk m EH X AR X, B
SR XA o B, SOKJFiEM L, RKAH
RF 1 Flt 7 2 T A4 SOM 5[] 43+ A7 FA) IR AR IX 3 2
Fstg, A, Bl mg 3 AN S VTR &6 A SOM i {H X
WAFH THEIFMRL ., R, ZIRIAZEERY
SOMUAH I f5 it 14 5t Bl 98000 9 - 1F, RKCRITRE P
T3 ¥ I 9 S OM %5 (8] 43 A W0 A7 7E — 7 1Y 25 5 Pk
MAE S [F) O A A R A T 5 SOMAE G M i 1Y
HEDTI N 7 (HCAITN ) B, BR T RFJ7 L REMS
— B FIEROEHE X I SOMIKE X 4L, RKHIRF
PR 7 3 0 () SOMZS [] 43 A JE A 58 4 — 35 24

FE IR 5 SOMAH X A o i 4ff B 100 I TN, H:
AT A T 5 SOMABY M A 55, tEit, 5
RKJ7 ¥ 150 9 SOM %S [H] 43 A A U AH L, RE TIN5
Forb, BFSE X PP -4 35 - TR B — 4 I SOM 75
R AE DX AR K, [ B R 9 X 2R 95 9 SO M g L X
{14 1 FB1 7 B 1

3 i ®

3.1 REAERTNAEE

FEAE SR R RE s R B AR AR SRR,
OK J7 12 1) 25 [B) T I A% A AR KR B b B e F 5 Tl
IR S T Y 23 ) A Al L ASOMF
T EREIIA S ARRE (R3) , HIRIXSOM
SRS AR, Hh e ESEEHEMN
Fo M = ik83%, FMABHE . it iE 45 R AL 2 i i 510
SR 15 T SOMAYZS i) [ A SEE 200, TTRER F3K
OK J7 I THUoRG BEAR Y EZE R 22—

A 5 SOMBEA — 5 AH S M v i Bh T Y ¥
J&, RKFIRFFEMREE — @ B 4 mSOM =S
(] TS BE . Knotters 2" FlAhmed "2 B 57 45 5
FWT, TEAEE T7 V5 v 8 4l B R A PR A i A
T, R B R B ARAR 2 JE] A O
PEIR ST, HUOR N 5% 25 B 2R — 1Y A3 (A1 4
FtE . 855 SOMAH I 55 8 1) il B 3 00 A
(HINTN) J5, RFEYHRGE B &5, KUWRF
T3 W TRUIORG BE A7 H b A 5 B 0 R 5 ]
AR SR 55 BT i o M FRKFEM S, A5
A DG %) B0 0 T P 00 Rt e AN A S e
o, A TR v R O 1 % B T R S
1) 5% 25 Bl = 235 () AH P75 SR K 7 325 1) 100000 4
K FRFT¥:.

FE N A R AH G 04l B 000 R TN %
T, RKJ7 IS BT SRS RE /7 i 1, 3RWIRK
T B TOORE BE R TS B AR AR R (FAnAHIEGE Y
SOM ) Fl B A7 [ i A SE PR 55 4 564k 20, iF
FEARKRRE 2 HbrAs &L ocklH (MLR ) #
5% 25 1 25 () A8 St RS L i, NS SR
A 3 B TR0 DR TN ML R 3% 22 19 2 07 22 R 500
FekE (£3) , 7R BEE 5 SOMAH M # i iY
T CEATNG) , B TFSOMAB Kt
SFPEMLR AT/ B, S ESOMI B 25 21 7 2% pR $iUi
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L 1 1 | 1 1 1

TE: OK: il e A% RK-TN: HIETNH TR M5 HA%; RF-TN: % ETNEFRBEHLARM; RK-No-TN: FERTNEH 1 [ J7 58

A% ; RF-No-TN: BPRTNHFHBEHLAM Note: OK: Ordinary kriging; RK-TN: Regression kriging including TN factor; RF-TN:

Random forest including TN factor; RK-No-TN: Regression kriging excluding TN factor; RF-No-TN: Random forest excluding TN factor
4 R[] J5 i BN SOMZS i) 73 A3

Fig. 4 SOM spatial distribution maps based on prediction using different prediction methods

R IRANRESENFAFERHERRMESH

Table 3 Semi-variogram model and fitting parameters of soil organic matter content

A i e JERE GHIESE AR POEREC FR2ETITA
Variables Models Nuggets Sill Nugget/Sill/% Ranges R’ RSS
Wit e HLAS Bk
35 42 83 22 000 0.17 148
OK Spherical
P B 4 A 1] 5 5 B A 23
27 27 100 - 0.09 59
RK-TN Linear
FBR AR 015 5 LA Bk
29 37 78 12 000 0.34 50
RK-No-TN Spherical

AN B A RN, BV EE S 21 43 TROORS R e T ke 22
TROORG B2 BEAR ;17 2 i B AHE 5 SOMI A O 1 4
AT (AEATN) , REHEIEMLR 7
B SOM a4 43 A X, fHSOMBR 22 1921 7
25 PREH LE TR B TN FKRAR B —E 451
PR, DT 22 14 TUDUORS 2 e A3 T4 o MBS ok
AR, T A S RRBUSA R R, TR R
A FJE AR R R R 1<% . DEM ., 11
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Comparison Analysis of Methods for Prediction of Spatial Distribution of Soil
Organic Matter Contents in Farmlands South Jiangsu, China

XIE Enze"? ZHAO Yongcun"*" LU Fangyi"’ SHI Xuezheng"’> YU Dongsheng"’
(1 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing

210008, China )
(2 University of Chinese Academy of Sciences, Beijing 100049, China )

Abstract [ Objective ] Soil organic matter (SOM ) plays a key role in maintaining soil quality
and functions and crop productively and a critical role in global C recycling. Therefore, knowledge and
understandings of spatial distribution patterns of SOM are important to sustainable utilization of soil
resources, guarantee of food security, and mitigation of the momentum of global climate change. [ Method ]
A total of 413 cropland topsoil samples (0 ~20 c¢cm ) were collected from the southern parts of Jiangsu
Province for analysis of SOM contents, and ordinary kriging ( OK ) , regression kriging (RK ) , and
random forest ( RF) methods were employed for mapping spatial distribution of SOM contents. Auxiliary
data such as soil type, topographic factors derived from DEM, climate, soil temperature and moisture, soil
properties, and agricultural management practices ( N fertilization rate and C input by crop residues )
varying in spatial resolution were first scaled into grids 300 m in resolution using either the kriging
interpolation or neighborhood averaging method, and then the auxiliary factors screened by a stepwise-
regression process were used in RK and RF predictions of SOM. Moreover, to identify impacts of the
correlations between auxiliary factors and SOM content on spatial prediction of SOM contents in accuracy,
the root mean square errors ( RMSE ) derived by RK and RF methods were also compared between the
situations of removing and retaining the auxiliary factor with highest correlation coefficient. [ Result ]
The SOM spatial distribution patterns derived with the OK, RK and RF methods were quite similar, that is
to say, SOM contents in the eastern parts of the study area are relatively high, whereas those in the western
parts are low. But local differences did exist in detail of SOM distribution prediction between the methods
can be intuitively observed. The OK method was the lowest in prediction accuracy, with mean RMSE being
6.97 g'kg ™' and lower than the RK and RF methods, of which the mean RMSE of the RK and RF methods
was lowered down to 5.25 and 4.97 gkg™', respectively, when total nitrogen ( TN ) of the auxiliary factors
that were most closely related to SOM was integrated. However, when TN of these auxiliary factors was
removed, the RMSE predicted with RK and RF was lower than that with OK, being 6.21 and 6.29 g-kg ',
respectively, while the average explained variance was decreased to 29% and 28%, respectively. However,
the RK and RF methods are still better than the OK method, as the RMSE derived by OK was as high as
6.97 g-kg™', and the explained variance of OK was only 9.7%. [ Conclusion ] RK and RF are both higher

than OK in prediction accuracy, however, the difference in prediction accuracy between RK and RF depends
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on degree of the correlation between the auxiliary factors and SOM. When auxiliary factors most closely
related to SOM, such as TN was included in the prediction, RF was better than RK; while those were
excluded, RK was slightly better than RF, indicating that RK is still promising due to the relatively high-
cost of TN measurement. In addition, prediction accuracy of RF largely depends on degree of the correlation
between the auxiliary data and SOM, when TN was removed from the RF prediction, the predicted RMSE
increased significantly, indicating that the current easily attainable and available low-cost auxiliary are still
facing many challenges in improving SOM prediction accuracy in plain regions with strong anthropogenic
influences. Consequently, developments of new scaling methodology for raw auxiliary data or new higher
resolution auxiliary data for quantifying relationships between auxiliary data and SOM are critical for
improving accuracy of the prediction of SOM in plain areas with intensifying anthropogenic influences.

Key words Spatial prediction; Kriging; Random forest models; Soil organic matter
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