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Predicting spatial distribution of cation exchange capacity in silt loam soil under Lycium
barbarum of Zhongning, Ningxia. BAO Wei-bin'*, BAI Yi-ru'*, YANG Fan'?, ZHONG
Yan-xia "%, XIA Zi-shu'?*, WANG You-qi'>* ('College of Resources and Environment, Ningxia
University, Yinchuan 750021, China; *Arid Area Characteristic Resources and Environmental
Governance Department of Education International Cooperation Joint Laboratory, Yinchuan

750021, China).

Abstract; Soil cation exchange capacity (CEC) is the basis for soil fertilization and improve-
ment, and thus an evaluation index of soil quality. Studies on the spatial heterogeneity of soil
CEC can provide scientific basis for soil nutrient monitoring, management, and precision agricul-
ture implementation. Spatial distribution of CEC in silt loam soil of Lycium barbarum in Zhongn-
ing was investigated based on the analysis of autocorrelation and interaction correlation. The
CoCriging, ordinary least squares ( OLS), geographically weighted regression Kriging ( GWR)
and Random Forest (RF) models were applied to perform regression analysis. After that, spatial
interpolation mapping effect and the accuracy of the models were compared. The results showed
that the average silt loam soil CEC in L. barbarum was 13.12 cmol - kg™, belonging to moderate-
ly fertility. The distribution of soil CEC had spatial autocorrelation. There were different spatial
relationships among CEC, pH, soil organic matter, clay and electrical conductivity in different
lag distances. The prediction map of RF model avoided the large fragmentation and obvious muta-
tions which occurred on both sides of the CEC map boundary in the prediction maps of CoKri-
ging, OLS and GWR models. Consequently, soil CEC appeared as a natural and gentle transition
in the spatial variation map. The RMSE of the RF model was 33.82%, 20.55% and 19.81% low-
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er than that of CoKriging, OLS and GWR models, and R* was increased by 8.84% , 51.92% and
7.69% , respectively. The RF model considered the location of sample space, and obviously

improved the accuracy of interpolation, making the mapping more smooth.

Key words; cationic exchange capacity ; CoKriging; ordinary least square ; geographically weigh-

ted regression; Random Forest.
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Table 1 Descriptive statistics of soil CEC and its control factors

lION: W/ IMAE ¥ifE brifE 2 5 5 R A P 132 [E:35° K-S K% P {8

Max Min Mean SD (%) Skewness Kurtosis K-S test

CV P value
CEC (cmol - kg™") 18.47 11.02 13.12 1.59 12.12 -0.22 -0.01 0.07
SOM (g - kg™") 23.13 10.99 17.39 2.57 14.77 0.18 -0.44 0.51
pH 8.94 7.45 8.57 0.24 2.80 -1.54 0.35 0.79
CLAY (%) 26.19 10.82 14.78 2.07 14.01 2.52 11.47 0.09
EC (pS - cem™) 605 120 220 0.25 0.11 1.41 0.28 0.88
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Fig.2 Autocorrelation for soil CEC and its influencing factors
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Table 2 Parameters and theoretical variogram models of soil ECE

B Pesefi h A/ LR A (m) e AL oz

Theoretical model C, Cy+C Cy/(Cy+C) (%) Range R? Residual
CEC FE B Index model 0.257 2.417 0.894 144 0.229 0.077
BRI Spherical model 0.073 2.411 0.970 154 0.213 0.078
% Gaussian model 0.276 2.410 0.885 128 0.213 0.078
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Fig.3 Cross-correlation between soil CEC and its influencing factors
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Fig.5 The Moran I of soil CEC



ELAENRAT - 7 B P TR AR MRy S8 e B 8 S 4 B s ) 3 A T 5 R L 1383

GWR I

B 6 T1E CEC i CoKriging,OLS,GWR RF {H{EE

CoKriging i i

110 220m

CEC (cmol-g™)
11 .02

18 97

Fig.6 Spatial distribution of soil CEC in CoKriging, OLS, GWR and RF
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A hE BB ¥or iR PR 2
Models R? RMSE SE
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A FE AN [ JE BE B R A S, B N B
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