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Fig. 1 Location of the study area and the land use
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Table 1 Descriptive statistics of SOM

b pepy WM UM B BEE SRR v kst
K H 83 5.03 1.66 3.56" 0.69 19.90 - - -
+ b ) 5 it 259 4.45 0.81 1.92° 0.58 30.20 - - -
N 99 3.93 1.02 2.51° 0.64 25.50 - - -
KE+ 98 5.03 0.91 3.19° 0.93 29.10 - - -
EAR: 66 4.48 0.93 2.12° 0.77 36.10 - - -
ey &3 UIFAR: 122 4.45 1.02 2.18° 0.66 30.20 - - -
K+ 95 4.06 1.03 2.28° 0.65 28.30 - - -
R+ 60 430 0.81 1.78¢ 0.72 40.40 - - -
SRR 441 5.03 0.81 2.36 0.88 37.30 283  0.76 0.00
PORAEET I - - - - - - 552 0.03 0.15
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Fig. 2 Spatial features of ancillary variables in the study area
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R

XA I 25 4 B PR L OLS 5% 22 . GWR 4% 2= |
GWR %% 2 ¥J{H 5 # {8 + .01k, #4T Kolmogorov-
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0 Fd2T . FRER 7R (Root-Mean-Square Standardized,
RMSS) F il i5¢ 22 #1 1 fe 423 . ¥ 77 # (Root-Mean-
Square, RMS) 7l ] 152 2% 3K 2| &z /N | V35 fE 12 22
(Average Standard Error, ASE) 134 5 ## (Root-Mean-
Square, RMS) Fil il 15 22 Fe 45 3T 19 45 RN il . HhHF
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/N R A | T34 X 1% 2 (Mean Absolute

Error, MAE) it/ VDR B 55 ), MER B (Accuracy,
AC) A VEAN T ) o 6 M, BB TS 0~1, Bz
T 1 U T A

3 #R59H

3.1 #RtEIHRAESH

ST X R SR A4, 35 AR, SOM WL
{EAE 0.81%~5.03%, V- ¥ Ml Jy 2.36%+0.88%. #I| ]
SPSS 20.0 FAF XA R ZE AUAE i SOM £l 47 4 ik
PEGETT AT (36 1), i B 3 0y 22 0 Bl A T i 2
P2 AT . WFFE XA ] - H R FH 2R B SOM
WIE LA BT 2% R (P<0.01, TIA)), Hrh Bk
A 7K > Mkl > 515 [ KRS £ AR 4 A A
TR AR B R, R BR R R
KRGt >A Kt >HROES S i+, SRR
A CV H 37.3%, J& T aEas b4 5, mEEh 0.76, 1
FEh 2.83, K-S K 50 R B G B A 2 RS A, 48
SRR G P=0.146>0.05, IR M\ IE 45315 o

SOM ¥ it 25 57 22 ph AN [A) = H 1 FH O =Xk +
B RIS AY, I, 76X SOM i {E i 75914 4% e A1
SR SOM 25 . X R[R] - Hb A FHISHY | 448l
F14) I 25 ek T {1 245 S 01 P A — 37 A 56 343 5 SOM
FrEAEA BT (3 2) £, SOM & & FK H &2
W 35 IE AR G, 7K B MR JEEREE, 45 R T SOM {47
AR 5 2 R A 825 UM 6, Fith 2 b T4 (L3R
5, AN, SOM Rl . /KAE 1 F0 SOM F it &2
W ARG, AR A | IRZTHE | 2 AR I 2 AR
K, X 5 MR 7 A i s R A — 2

&2 WRKX SOM 2851t AAXFN LKA Pearson X REL

Table 2 Pearson correlation coefficient of SOM and types of land use and soil

K H Bt b

K+

LA pIEARE EAR" ARt

X FREL 0.676" -0.622" 0.090

0.526"

-0.269" -0.153" -0.131" -0.047

TE: TTE0.01KSF COU) It 3 A5G

3.2 OLS.GWR [E31&%Y

321 OLS AR

X B AR 64T OLS BRI A, A e
et S (5% 3) A Hl: OLS BRI 58 AICc A 787 m, 1%
IEAT Y25 R IR 0.56, 32 BRI A 804, 1600

ANIE A A M PR A5 A T i R
AF R 2 56% W75 4k . K(BP) Prob=0.002<0.05,
Wl B AR BN R B TR 25 ) S B 1, AR 00 35 1l
it S HE A (Robust_Pr) K6 & ; Ry Ge it ok
B 52 #E B RL R A B23%, Wald-Prob A 0.00, 156 B %
AR AR SR 35 Y 5 Jarque-Bera £ 56 JB-Prob A 0.00,
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Table 3 Diagnostic results of OLS model
AlCc R’ F-Stat F-Prob Wald-Prob K(BP) K(BP) Prob JB-Prob
787 0.56 63.9 0.00" 0.00" 25.6 0.002" 0.00"

E: THE0.0 LK CUU ) 1 i 2 AR DG

/T 0.05, FHIAFFE X SOM it OLS FAIZE IR 2
FiE . #%2% Moran’s THR5CH 0.39, 23] FIAIE™,
FH AN (R s AR A B A0 i R -2 B R B (3 4)
AL B AR R A O UE, R IR
MR A RAE R, KH L KFE L AR, A
IR A5 RO IEAE, RIS R AR 8 IEA GO R
R SRR MR SR LR AR ) R EE
W F, & WIIZ Al TR A0 i XA A fi B 7R 2 42 55, SOM
TIPSR RN, R0
Wk oK H ., B, KR, AR L
Robust_Pr R EI4 13, Fm 1% il e 728 2 X UL (AR
RUHE H H 2 A Ty 22 I ik A F- (Variance Inflation
Factor, VIF){H/NT* 7.5 AAFAE Z B LA AL

322 GWR BH

R R L8 1 5 AN () B MR I Y . AN ) 0
LA K DEM 2 U LA R 3-AF D fifg e s B it A7
GWR AR B S ml U5 o A SO A% R B0 I

o7 i A% bR L, GWR B S 4L 5. AICe
T bR o, (ELER/INUE B ARG AN RN, — i
P BEAIY AICe fH AH 22K T 3, LA AR AICe
{8 AR 250 o BT AR 80, GWR L8 e ATCe {8 R (335
$i A 774 m, OLS F 8y 787 m, HATHE AICce H 1)
GWR 155 78U BB 6% B8 4 b 4005 UL 540, 9 H GWR A
HIR® N 0.64, £ 1EJ5 A9 R? M 0.59, 3 /& 1 4o i 5
MYFEAREK . SOM & i 5 5 MR BE Y [m] 05 R 503
A, BAAHEOER, M5k H L s AR A el
IHFRE A, 2 IEAHDCOC R, iX 5 OLS ARG
o 0 45 A — 5

3.3 ZFEERFIES

T DREIESE X GWR BRI B 22 LUK H5% 22 v
P{E o ALRT OLS A BB 22 HEAT IE S A A 3 )
FIH GS+9.0 B AF 4724 J5 22 BN &, 13 B 28
(% 6) 5 OK AHAHAE &, PR (ELA5T 21 A9 45 R -5 AR
FAFITUHE T 23 [R5 B 5 X SOM 1 T £,

F 4 OLSHEHBENSHTRELAR
Table 4 Results of diagnostic coefficient of OLS model

Api B4 P Robust SE Robust t Robust Pr StdCoef VIF

gl 2.18 0.00 0.26 8.33 0.00 0.00 -
T+ JKH 091" 0.00 0.15 6.13 0.00 0.41 3.06
A 4 -0.56" 0.00 0.08 -6.71 0.00 -0.31 2.02
KRG+ 0.28" 0.01 0.13 2.16 0.03 0.13 2.99
35 piAR: 0.01 0.95 0.09 0.06 0.95 0.00 2.02
et KL 021" 0.03 0.09 233 0.02 0.10 1.98
Rt -0.24" 0.02 0.09 -2.84 0.00 —0.10 1.58
[T 0.00 0.17 0.00 1.17 0.24 0.06 2.17
wp e 0.00 0.61 0.00 -0.52 0.60 -0.02 1.89

A7
B 0.00 0.58 0.00 -0.52 0.60 -0.02 1.09
TE: A BILE0.01H0.05 7K - COUIN ) - (T3 AR 5 382080 | - i) P2 78 R G 75+ b B85 Py Probability HE#<; Robust SE A AR

Zf@tt 4 Robust_thTHE R ; Robust ProyBESRMEH: s StdCoefhy [M1 I REX AR E RS ; VIF 7 2RI T,

®5 MIEMNEFEAMAESH

Table 5 Fitting parameters of geographically weighted regression model

AR B 2% J5 Al PREALRL AT J5 Al AICc R’ BIER®
GWR 334322 123.74 0.56 774 0.64 0.59
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Table 6 Semi-variogram function model for SOM and its corresponding parameters with different methods

e g Z LA 4
neomeem g UM o MET Caow
OK Gl 0.692 1050 0.0155 0.139 0.1235 11.2
RK FREEARY 0.192 480 0.0565 0.371 0.3145 15.2

GWRK B 0.188 450 0.0525 0.320 0.2675 16.4

MC_OK FREEARY 0.186 450 0.0556 0.320 0.2644 17.4

MM_OK FRAGE] 0.187 450 0.0522 0.320 0.2678 16.3

e 5 FH S B A A L

FIFH GS+9.0 HEATHLAE T34, & LA A #Ie
A5 S R B R S8 R P A A . HHe AL B (/I
T 25%(F 6), Ut 447 A8 — 78 1 25 () A AH G 1,
SOM ¥ i 2 BLAZ L5 K K 25 i), ] 2R 4 AH A (B
IAT. SR, EHERA . b T A5 B AR
M5 GWRK AR C, fil C/CAC ES 8 T
OK 25, T AL 7R 24 (] A8 5702 phy = b R O =X
TR WY RS AL R 2R A

FIH 5 A RS iF 5% X ) SOM i {EL & BR: e i
0 N i | I 75 S ey T S P
XK H ARAA XA F0F 5% X AR £ KT 1 2 1 o

7 (K 3) . RK., GWRK, MM_OK #il MC_OK
FIH — U, 456 BRI HZRADR R, YRR
I AR RN R AR 401 FAFFEIX Y SOM % i %5 [1] 43
i3 KK MM_OK ) SOM %3 [] 43 43 % S it 4%, T
S At F T 43 A7 LB 6, B Bl 13 AN [] - el A FE T
SOM W RHIE LA K A7 200 3= 5 72 B2 L MC_OK 1%
XA T HAtl 7k

3.4 EEEETM

AR P FRIUE A 45 5 7R : OK . RK . GWRK .
MM_OK Hl MC_OK fJ MSE ¥J 4% T 0, RMSS %J
BET 103 7), T GWRK [ RMS £z /)N, ASE 5

1 2 (RK)

012 4 km

SR
T AR (GWRK ) ==&

012 4 km
e

HfE Al

LA

5 HH (MM_OK) . TLHAR (MC_OK)
012 4km 012 4km

%
B 0.87~1.54
I 1.55~1.89
[ 1.90~2.07
[[7]2.08~2.16
[ 217221
2.22~2.30
[[72.31~2.48
[ 2.49~2.83
I 2.84~3.50
B 3.51~4.80

El 3 SOM ZEFHMSHE
Fig. 3 Spatial distribution of SOM
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Table 7 Precision assessment of SOM content prediction with different methods

‘ PRI SR IE
Jii 2
MSE RMSS RMS ASE MAE RMSE AC/% r R
OK -0.0167 1.0028 0.8166 0.8536 0.6822 0.8724 30.8 0.23 0.14
RK 0.0087 0.9836 0.5983 0.5983 0.4626 0.5844 71.9 0.71 0.48
GWRK -0.0218 0.9797 0.5464 0.5546 0.3912 0.4960 79.4 0.79 0.63
MC OK 0.0075 1.0764 0.5605 0.5211 0.4202 0.5215 89.3 0.77 0.58
MM_OK 0.0071 0.9890 0.5637 0.5703 0.4632 0.5775 87.0 0.72 0.49

RMS #2301, 9] GWRK BERUA 4T, HMERIIEAY
459 7R GWRK ) MAE F1 RMSE &/, 2+ B35 71~
T GWRK #5288 (¥ 4% B B e AR E ME B iF . GWRK
) T A 55 30 TE 4R 1 RH OC FRBR v R ok, I o A
(AC) H KRB /MK X}y MC_OK>MM_OK>GWRK>
RK>OK. %5 [ FTiR, 456 W5 Uk 2 B0 S H 55 ik
P31 GWRK AR ) A2 1 ARG J3E #8, MC_OK £
RUER B i

4 i it

T 1 =0 = M7 NS i e ol L1 D3 B = W
SOM fFHERE K 2 53, W] SOM Z e | + 54k
PE T LA K A b oF] O AR L [R5 . SOM HL A i
FUR 25 (8] 1A OGP, A8 530 Bl 3 EAE 450~480 m 2
), 8 2 3 A Y B AR S 2 /N o 5 B v AR B
05 ik S REAR B S e T 1 EL B SOM & 2 A9 45 [ 4
A

FR 5 Fh 7 P Am R (IET 3) AT %0, SOM HA =i
PIE IR X B PE LS PO IX, m At A E AL
P (E B 45 A i ) SRR+ e 2K R 43 #r mT A,
R (ELAY AR D s 3K I b, I
Sh K LRI IR A5 SOM 5 32 4 Ak ik e 4
SR A, 7K B8 S 25 14 F T SOM Y R 5 Ak
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Spatial variation analysis of soil organic matter in karst area

ZHANG Chunlai', LU Laimou'”, YANG Hui', HUANG Fen'
(1. Institute of Karst Geology, CAGS/ Key Laboratory of Karst Dynamics, MNR & GZAR, Guilin, Guangxi 541004, China; 2. Guangxi Huantou Jinyi

Environmental Technology Co., Ltd., Nanning, Guangxi 530299, China )

Abstract As an important parameter for soil quality assessment, soil organic matter (SOM) can provide nutrients for
crops, strengthen soil fertility, and improve soil physicochemical properties. Besides, SOM also plays an important role
in restricting the activity of heavy metal elements and pesticide residues, and in regulating CO, in soil. Therefore, the
study on spatial distribution of SOM, its influence factors and prediction by GIS and geostatistical analysis is important
in agricultural practice, environmental management and the measurement of soil carbon storage.

The content of SOM is easily affected by the factors such as geological background, climate change, agricultural
activities and land use change. Hence the complexity and non-stationarity of the spatial variability of SOM will make it
difficult for the quantitative prediction. The high heterogeneity of SOM and insufficient sampling data in the karst area
also leads to low accuracy of spatial prediction. Guangxi is one of the areas with the most widely distributed karst areas
in China. Typical karst landforms are developed in the northern part of Mashan county, with a range of land use and
parent materials. Different patterns of land use include paddy field, dry land, shrub land, forest land, orchard and
grassland, accounting for 10.55%, 29.39%, 29.49%, 12.86%, 0.70% and 0.66% respectively. Paddy fields, consisting
of paddy soil, are located in karst valleys; dry lands, consisting of red soil, brown lime soil, and alluvial soil, are
distributed at the bottom of slopes and karst depressions on both sides of the valley; shrubland and forest land, mainly
consisting of brown lime soil and red soil, spread over mountains. A total of 441 SOM data, with 8 high-density topsoil
(0-20 cm) samples per km’ on average, were obtained in the geochemical survey of land quality in the northern karst
area of Mashan county, Guangxi in 2017. The data facilitates the spatial prediction of highly heterogeneous SOM in
karst areas.

In this paper, qualitative variables such as land uses and soil types were converted into quantitative variables
through the assignment method of dummy variables, and terrain factors were used as auxiliary variables to meet the
requirement of geostatistical regression analysis. With the purpose of exploring the applicability of geostatistical SOM
mapping in karst areas, this study respectively established five method models—ordinary Kriging (OK), regression
Kriging (RK), Geographically Weighted Regression Kriging (GWRK), Ordinary Kriging of Median Centralization
(MC_OK) and Mean Modified Ordinary Kriging (MM_OK)—to compare the prediction results, and select the most
suitable prediction model for the karst area.. Results show that the SOM content in the study area ranges from 0.81% to
5.03%, with an average of 2.36%, and the coefficient of variation is 37.3%. The spatial distribution is moderate spatial
variation. Results of geostatistical analysis by GS+9.0 show that the fitted theoretical variogram models are all
exponential ones. Both nugget value and abutment value are less than 25%, which indicates that there is a certain
spatial autocorrelation, and the SOM content is mainly affected by structural factors; hence correlation interpolation
analysis can be carried out.

In addition, the spatial variation of SOM in the karst area is jointly affected by land use, soil types and
topographical factors. The areas with high content of SOM are located respectively in the karst areas and paddy fields
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where lime soil is distributed in the northwest, west and east of the study area, and the areas with low content are
located in the alluvial land along the Hongshui river in the north of the study area. The SOM content shows
significantly positive correlation with paddy fields because the reducing environment of paddy fields is conducive to
the preservation and accumulation of SOM. But SOM content shows significantly negative correlation with dry land
due to the oxidative environment of this land type where frequent disturbance and rapid degradation of SOM will
occur.

Finally, RK, GWRK, MM_OK and MC_OK can be used for SOM prediction and mapping in karst areas because
of their good interpretability. The results of internal verification show that the root-mean-square of GWRK is the
smallest, and the average standard error is close to root-mean-square, indicating the better fitness of GWRK model.
The results of external verification demonstrate that the mean absolute error and root mean squares error of GWRK are
the smallest, suggesting the highest precision and the best stability of GWRK model. Meanwhile, MC_OK shows its
best accuracy. Combined with auxiliary variable factors such as land use, soil types, and topography, GWRK model
can effectively eliminate the influence of spatial variation factors and overcome the spatial non-stationarity of SOM
content in karst areas, thereby improving the stability and precision of the SOM prediction model, while MC_OK

model can improve the prediction accuracy.

Key words soil organic matter, geographically weighted regression Kriging, spatial distribution, karst
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