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Abstract: [ Objective ] Southeast Zhejiang is an important ecological barrier and an enrichment area of characteristic agricultural
resources along the southeast coast of China, possessing rich selenium (Se) resources. A detailed understanding of the spatial
heterogeneity of soil selenium and its controlling factors is fundamental for planning Se-enriched agriculture and managing land
resources sustainably. However, systematic investigations on the spatial distribution patterns of soil selenium and its key driving
factors in this region remain insufficient. [ Method ] This study selected Wenzhou City, a representative area with complex
geology and diverse land use within southeastern Zhejiang, as the research focus. The primary objectives were to: 1) characterize
the spatial distribution of Se in surface soils; 2)evaluate the influences of various natural and anthropogenic factors on soil Se
content; and 3)identify the dominant factors controlling its spatial variability. Following the technical specifications for 1: 50, 000
land quality geochemical surveys, a systematic sampling strategy was designed and implemented, collecting 25, 753 topsoil
samples(0-20 cm depth). Field investigations of geology and geomorphology, laboratory analyses of soil nutrients, heavy metals,
and selenium content, as well as GIS-based spatial analysis, correlation analysis, and multiple regressions, were comprehensively
integrated to systematically explore the spatial distribution patterns of soil Se and its primary controlling factors in Wenzhou.
[ Result ] The results revealed that the average Se content in the topsoil soils of Wenzhou City was 0.32 mg-kg™', with a range of
0.03 to 2.54 mg-kg ' The coefficient of variation was 40%, indicating a moderate degree of variability. The Se-rich soil (selenium
content = 0.4 mg-kg ') accounted for 25.6% of the total area of the region.Also, the geostatistical analysis demonstrated a strong
spatial autocorrelation for soil Se, with an effective range of approximately 13.35 km based on the best-fitted exponential
semivariogram model (R?=0.994). In addition, the spatial distribution exhibited a clear regional pattern, characterized by
significantly higher Se levels predominantly in the central part of the city, encompassing low mountainous and hilly areas like
Ouhai and Ruian, compared to the eastern and western regions. Stratigraphic unit, soil parent material, geomorphic type, soil type,
land use type, and soil texture all had significant effects on soil Se variation, among which parent material played the most
dominant role. Soil Se content was significantly negatively correlated with soil pH, while showing significant positive
correlations with organic matter, total nitrogen, and heavy metals. Multiple regression analysis indicated that soil type, parent
material, pH, and arsenic content were the primary factors controlling soil Se spatial differentiation. [ Conclusion ] The spatial
differentiation of surface soil Se in Wenzhou City is the result of the combined action of multiple factors such as geological
background, soil physical and chemical properties, and human activities. These findings provide a scientific basis for regional
land quality evaluation and the rational development and utilization of Se-rich characteristic agriculture.
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Fig. 1 Schematic map showing the geology, geomorphology, soil types, and distribution of sampling sites in the study are
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FF#EIX Ouhai 817 0.11 1.31 0.49° 0.19 0.38 68.39 30.99 0.62 0.00
FEYKIX Lucheng 536 0.03 1.17 0.42° 0.18 0.43 52.44 46.13 0.06 0.76
Je 7 X Longwan 392 0.10 2.50 0.35¢ 0.25 0.72 34.64 42.92 21.19 1.25

Hi# % Ruan 3657 0.08 2.54 0.39° 0.22 0.57 32.94 53.19 12.96 0.91
SRWET Yueqing 2960 0.09 1.82 0.37° 0.19 0.49 24.73 72.39 2.86 0.02
i3k X Dongtou 254 0.09 0.88 0.33° 0.16 0.49 2427 61.73 12.86 1.14
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ZEMiE Taishun 3529 0.07 2.15 0.31¢8 0.17 0.55 19.07 63.23 15.51 2.19
X E Wencheng 3461 0.05 1.73 0.32f 0.17 0.52 17.51 73.90 7.43 1.16
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HHIHT Wenzhou 25511 0.03 2.54 0.32 0.13 0.40 25.57 66.22 2.87 0.78
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Fig.2 Geochemical evaluation map of selenium in surface soils in Wenzhou city
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Table 2 Fitted variogram model for soil selenium and the associated parameters
i Yoot Yo 0T
o HEMHE AR WE R 2%
Nugget variance Nugget/SillCy/
Model Sill ( Cy+C) Range/m R? Residual (RSS)
(Cy) (CytC)
e T 0.0039 0.0100 0.39 9751 0.975 1.173x10°¢
Gaussian model
BRI 0.0031 0.0101 0.31 12210 0.983 7.907x107
Spherical model
TR 0.0015 0.0104 0.14 13350 0.994 2.968x1077
Exponential model
L MERAL 0.0053 0.0114 0.46 18906 0.794 9.622x10°°

Linear model
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Fig. 3 Distribution characteristics of selenium content in the surface soil under different stratigraphic, parent materials and geomorphic types
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Fig. 4 Distribution characteristics of selenium content in the surface soil under different soil types, land use types and soil textures
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Fig. 5 Correlation between surface soil selenium and quantitative soil index parameters
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Table 3 Multiple linear regression models predicting soil selenium content from quantitative and conceptual indicators

i e 1) 77 ) HEEAT
Variable type Regression equation f Importance ranking
2 e AR 1Y Y=2.25-0.15TRMZ-0.17pH+0.01As-0.19TRLX  0.391  TRLX>pH>TRMZ>A
Total selenium Conceptual type+ Quantitative type S
H A ¥=0.435-0.018pH+0.006As-0.032Cd+0.019Hg ~ 0.295 pH>As>Cd>Hg>Pb

Quantitative type

+0.01Pb

H: TRMZ: W tHFEM,; TRLX: +3E35M, Notes: TRMZ: Parent material; TRLX: Soil type.
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