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Table 1 Semi-variance function model and parameters of total soil salt content and base ions

RFERSE LS dR AR RIS Hes( REeE H(C+Co)% R 2217 fl A
Sampling depth/cm _ Soil salinity index  Theoretical model Nugget Cy  Sill Co+C 0 0 Residual sum of squares  Range/km

HCO5 FRHUER 0.004 9 0.0382 12.83 0.846 1.66x10° 5.910
cr BRI 0.0155 0.2380 6.51 0.636 6.39x10™ 6.380
SO.” e g 0.082 5 0.1470 56.12 0.805 1.31x10° 3.862
0~30 Ca®' re iR A 0.0180 0.1300 13.85 0.874 8.51x10™ 3.984
Mg** T g 0.0317 0.186 4 17.01 0.755 1.91x10° 3.585
Na' re iR A 0.029 8 02146 13.89 0.707 6.29%10° 5.612
A [t 0.024 1 0.1292 18.65 0.835 6.85%10™ 4.763
HCO5 SR 0.003 1 0.0349 8.88 0.857 1.83x10° 4.980
cr FEHUETY 0.0155 0.171 0 9.06 0.669 1.30x107 5.010
SO.” o R 0.0113 0.096 6 11.70 0.818 5.03x10™ 3.533
90~100 Ca®' e T 0.000 1 0.090 7 0.11 0.873 9.60x10™ 4.070
Mg® BRAR 0.005 4 0.105 8 5.10 0.842 2.64x10* 3.870
Na' e AT 0.010 8 0.140 6 7.68 0.831 1.72x107 4.832
AihiE e A 0.003 0 0.087 8 3.42 0.868 4.19x10* 4.157
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Fig.2 Kriging interpolation results of total salt content and base ion mass fraction at different depths
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Table 2  Statistical results of soil total salt content and base ion content under different surface cover types

HEFER.

e 4 Eh B 5 ER I BT BB 22 $ Mass fraction of soil total salt content and base ion content/(g-kg ')

gt/ ERAS .
Sﬁfﬁ;{:}, Sojiifigﬁm 13 A I & v & v VI & VI %4 VI 2 IX %4 Plz/jlléﬁe
Typel Typell Typelll TypelV TypeV TypeVI TypeVII Type VIII TypeIX
Ccatt 0~30 0.043 0.034 0.048 0.03 0.05 0.09 0.033 0.036 0.019 0.153
90~100 0.019 0.018 0.026 0.02 0.018 0.017 0.022 0.021 0.01 0.545
Mg2+ 0~30 0.231 0.225 0.249 0.141 0.347 0.451 0.252 0.211 0.142 0.398
90~100 0.118 0.129 0.183 0.117 0.115 0.137 0.174 0.122 0.059 0.169
SO~ 90~100 0.217 0.206 0.208 0.076 0.213 0.233 0.246 0.19 0.099 0.808
90~100 0.101 0.1 0.159 0.174 0.107 0.112 0.148 0.148 0.116 0.151
HCOy 0~30 0.015 0.015 0.013 0.015 0.013 0.01 0.012 0.011 0.013 0.284
90~100 0.017 0.017 0.014 0.013 0.013 0.012 0.011 0.016 0.017 0.424
Na' 0~30 0.205 0.283 0.21 0.068 0.331 0.491 0.49 0.239 0.12 <0.001**
90~100 0.13 0.227 0.187 0.155 0.198 0.191 0.31 0.187 0.167 <0.001**
cr 0~30 0.245 0.322 0.287 0.148 0.502 0.788 0.517 0.286 0.169 <0.001**
90~100 0.15 0.257 0.223 0.106 0.21 0.221 0.348 0.167 0.102 <0.001**
SodhEr 0~30 091 1.02 1.18 0.45 1.29 1.98 1.51 0.92 0.54 0.01%*
90~100 0.51 0.7 0.79 0.56 0.59 0.65 0.99 0.62 0.45 0.028*

Ee TREORMRM, 0 RRORSEEM, O MRRRT, IV RSORRIEA, vV RRORRENI-SEGEE N, VI BERBGERE, VI BRI 25 M,
VI BR3P, IX BIFOREE M o403 0.01 KT FRAWEZE %R, *E 0.05 KT FREREER, TH.

Note: Type I is cotton field, type II is reed meadow, type III is bare soil, type IV is robinia pseudoacacia forest, type V is tamarix chinensis and suaeda salsa shrub, type
V1 is suaeda heteroptera community, type VII is tamarix chinensis-phragmites shrub, type VIII is tamarix chinensis-cogongrass-phragmites shrub, and type IX is wheat
field; ** means extremely significant difference at 0.01 level, and * means significant difference at 0.05 level, the same below.
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Table 3 Comparison of total soil salt content and base ions under different micro-topography

3545 4> 5 B /) X Content of soil salinity/(g-kg")

2 1/ =0 )
Sﬁff;;;;ﬁy sjﬁﬁﬁm e R WA TTWEHD EEA S
Flat ground River forming highland Tidal flat Flood land  Low-lying land
Ca® 0~30 0.033 0.044 0.040 0.046 0.030 0.804
90~100 0.018 0.019 0.021 0.019 0.020 0.725
Mgz‘ 0~30 0.223 0.261 0.227 0.242 0.102 0.310
90~100 0.130 0.128 0.133 0.116 0.132 0.978
SO.* 0~30 0.197 0.224 0.213 0.180 0.079 0.058
90~100 0.121 0.119 0.104 0.101 0.130 0.798
HCOs 0~30 0.013 0.015 0.014 0.014 0.021 0.111
90~100 0.015 0.016 0.015 0.016 0.020 0.689
Na* 0~30 0.343 0.253 0.224 0.175 0.275 0.002%*
90~100 0.238 0.188 0.126 0.134 0.233 0.002**
cr 0~30 0.388 0.319 0.263 0.269 0.307 0.134
90~100 0.251 0.200 0.161 0.152 0.234 0.039*
et 0~30 1.162 1.052 0.940 0.927 0.765 0.170
Total salt content 90~100 0.742 0.634 0.531 0.498 0.713 0.111
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Table 4 Significance of single-factor analysis of variance for total salt content and base ions of different micro-topography

i SR VR BE R L
Micrg’fjﬁfgraphy Sam;rijz ?eﬁh/cm HCOs c S04’ Ca” Mg Na Totalésajftlintent
) 0~30 0.061 0.396 0.422 0.114 0.078 0.755 0.365
Aspect 90~100 0.705 0.402 0.118 0.210 0.116 0.566 0.204
Bl 0~30 0.270 0.522 0.205 0.771 0.653 0.623 0.562
Slope 90~100 0.938 0.472 0.079 0.147 0.517 0.247 0.258
Ik 0~30 0.946 0.706 0.378 0.860 0.949 0.303 0.435
Altitude 90~100 0.801 0.195 0.429 0.457 0.105 0.019* 0.073
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498 4 h BN S B 1 A IR AR AL R A2 EL AR F 8 D 3 N
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AR g EAEAR, (HEX BT Sk AR

Je b A ER Ay I RRRE DR IE SR =, BRI I AR R
X I ER Ak, ASF R RRIEZ A1) g {EAE 0.545~
0.708 Z[f]. T X5 Z A8 HAT FH U35 A b 2 8 26
Y, AZEHAFHZRR IR GE, ANFE R RIE 2 5]
1 g {E7E 0.521~0.613 Z 8], R TH A Nk, XUl
A b 3 78 1 R G T 1% b X ) 35 26 e AR R B T A
MEBEWER, (ORT R ZX IR R =
B 7 S5 R AN 2 EH B — Hb 2 AR S, T A 2 IR R
FEd], Hr, SRS S E R B g, HRE
WA

x5 WRBWABSHEHHRHZEER ¢ E

Table 5 ¢ value of interaction between land cover types and topography

i + R . b 5 7 g K o e B Bl s
R Soil d%:fh%:m HeJP I Topography Lﬁ;nf f)fzrj:y%e Mic:fjfj?f?n% type S)i)ri A)jpleit A{lﬁ'ﬁie
Hh e A 0.130
TSR 0.237 0.013
0~30 i pF 0.359 0.138 0.055
B h) 0.521 0.399 0.421 0.110
s bt R 0.462 0.328 0.388 0.545 0.158
Total soil salt b 3R 7 gl A 0.112
TSRS R 0.255 0.053
90~100 i pE 0.498 0.251 0.098
B h) 0.584 0.411 0.576 0.131
R 0.516 0.490 0.473 0.704 0.172
R 0.194
TSR 2 0.274 0.061
0~30cm W RE 0.452 0.199 0.044
A 0.587 0.413 0.375 0.078
Na' R 0.527 0.496 0.476 0.655 0.226
R 0.171
T ER 28 0.291 0.114
90~100 W RE 0.557 0.272 0.088
A 0.613 0.458 0.491 0.082
R 0.596 0.565 0.448 0.669 0.197
HhF A 0.200
TSRS R 0.355 0.022
0~30 i pF 0.471 0.145 0.051
) 0.607 0.471 0.442 0.108
or R 0.578 0.382 0.437 0.615 0.176
R 0.176
TSR 28 0.297 0.056
90~100 i R 0.438 0.273 0.070
A 0.563 0.445 0.539 0.108
R 0.487 0.394 0.400 0.708 0.127
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SO AE S RECN 045, NHEAR M. (HEMEH 0~
30em b3 SO HIME N 022 gkg, P E M 0~
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Spatial distribution of soil salinity under different surface land cover types
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Abstract: Strong seawater immersion usually determines the formation of the Yellow River Delta and the land-making
process of the Yellow River. The soil is generally rich in soluble salt, due to the groundwater is highly mineralized during the
formation process. The salinization situation can deteriorate into full-scale ecological system in recent years. It is necessary to
analyze the distribution characteristics of soil salinity in this area, further to clarify influence factors, such as surface cover
types and landform features, in order to effectively control soil salinization, and prevent potential salinization as the chemical
elements increased in soil. Taking the Yellow River Delta estuary as the research area, this study aims to analyze the spatial
variation characteristics of total soil salt content and base ions (Ca2+, Mgzﬂ Na’, SO42', HCOj5', CI') using various geostatistical
methods, such as the Kriging interpolation method. A single-factor analysis of variance was used to calculate the differences in
soil salinity in the area under different surface cover types and micro-landform features. Geodetectors were also used to
explore the interaction effect between the soil salinity and some parameters, including the land cover type, landform type,
slope, landscape, and altitude in the area. The results show that the coefficient of variation of surface soil Mg®" reached 1.0108,
indicating a strong variability. The rest of base ions indicated a medium variability with a strong spatial correlation. There was
a decrease from coastal to inland for both the total salt content and base ions. About 42.57% area was slightly saline soil,
whereas, only 0.51% was moderately saline soil. The total salt content in soil was significantly different from the content of
Na' and CI" among different surface cover types. The single-factor ANOVA results demonstrated that the content of Na" and
CI' in the surface and deep soil reached 0.00, indicating a very significant difference, whereas, the total salt content of surface
soil was 0.01, reaching a very significant difference, and the total salt content of deep soil was 0.028 to reach a significant
difference. There were significant differences in the content of Na” and CI” between different types of micro-landscape. The
results of single-factor analysis of variance for Na” in the surface and deep soils were both 0.002, reaching a very significant
difference, while the analysis of Cl in the deep soil was 0.039, reaching a significant level of difference. The deep soils at
different altitudes have significant differences in Na'. The altitude has the strongest explanatory power for total soil salinity
and Na', and the surface cover types have the strongest explanatory power for soil CI.. The slope direction and altitude have
the strongest effect. The interaction of soil salinity was the strongest, where the ¢ value was between 0.545 and 0.708, followed
by the surface cover type and slope aspect, where and the g value was between 0.521 and 0.613. Both types of interaction can
be used to better explain the change characteristics of soil salt. Therefore, the characteristics of soil salinity can be served as an
indicator for the types of surface cover and micro-topography, while these factors, including the altitude, slope direction, and
types of surface cover, can also pose a strong impact on the soil salinization under the interaction.
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