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Spatio-temporal variability of soil salinity and its relationship with the depth to

groundwater in salinization irrigation district
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Abstract: The spatial distribution of soil salinity and the depth to groundwater are of great importance in guiding rational
irrigation water use and controlling soil salinization. The secondary saline-alkalization problem of soil is quite severe in
Hetao irrigation, Inner Mongolia due to increasing rise of groundwater table caused by unsuitable irrigation method and
incomplete drainage system, in particular under the specific arid and semi-climatic and hydrogeological conditions. This has
become one of the major constraints to local agricultural and social-economic development. In this paper, the Shahaoqu
irrigation district was chosen as an example for testing the spatial variability of soil salinity and its relationship to depth to
groundwater. Aiming at the complexity and spatial variability of the dynamic soil water and salinity in Shahaoqu irrigation
district, the classical statistics and geostatistics integrated with GIS were used in this study to analyze the spatial variability
of soil EC values in 0—20cm, 20—40cm and 40—60cm depths and the effect of the depth to groundwater on soil salinity

distribution in Shahao irrigation area of Hetao irrigation district. The results showed that the soil EC's Cv values were all
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more than 36% in Shahao irrigation area and had strong spatial variability in different irrigation periods and different soil
depths, Analysing the EC data with GS+ software, it was found that the spherical model, gaussian model and exponential
model were perfect in fitting Semi-variogram of soil EC values, the soil EC data had moderate spatial correlation, and the
spatial autocorrelation of soil EC values reached the highest in 0—20c¢m. After finishing the Kriging map of salt in three soil
layer respectively, it was found that the spatial distribution of soil EC values was in a trend of increase from south to north
in different soil depths before autumn irrigation, and the high soil EC values were in northwest or northeast areas after
autumn irrigation. Soil salinity is significantly affected by the depth to groundwater in Hetao irrigation district, and the detpt
to groundwater is a decisive factor affecting soil salization. From the Kriging map of the depth to groundwater, it was found
that the depth to groundwater was deep in the south and shallow in the north, and it reached the deepest 2. 71m on the
average before autumn irrigation. However, the average depth to groundwater reached the shallowest 0. 75m after autumn
irrigation due to groundwater recharge from irrigation water. Soil salinity decreases with the increase of the depth to
groundwater, they conform to exponential relations. In order to prevent the soil salinity from accumulating in the root layer,
controlling the depth to groundwater is an important fractor for controlling soil salinization in Hetao irrigation district.
Therefore, some reasonable irrigation measures and agriculture technology measures should be adopted to control the depth
to groundwater, and thereby to prevent the aggravation of soil salinization in this irrigation area. This study could provide
lots of scientific support for soil salinity treatment and improvement, agricultural planning and adjustment, and irrigation

and drainage engineering planning in the future.

Key Words: salinization irrigation district; soil salinity; spatio-temporal variability; the depth to groundwater
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Table 1 Descriptive statistics of EC value of soil

K-S
N R . TfE2E e e FEARTZE BRRY SLOEY
B PE g PEE g e BRPE ORI g gy REAR
. Depth Standard . o Sample  Coefficient . K-S
Time Mean L. Maximum  Minimum i o Skewness Kurtosis . X
/cm deviation variance  of variation inspection
coefficient
FKRT 0—20 0.889 0.747 2.98 0.04 0.558 0.84 0.73 -0.44 0.403
Before the fifth 20—40 0.574 0.403 1.64 0.09 0.163 0.70 0.77 -0.39 0.410
irrigation 40—60 0.454 0.273 1.11 0.10 0.074 0.60 0.63 -0.64 0.630
R BEHT 0—20 0.805 0.932 4.27 0.10 0.868 1.16 1.85 3.10 0.516
Before autumnal 20—40 0.498 0.393 1.68 0.09 0. 155 0.79 1.30 0.94 0. 880
irrigation 40—60 0.373 0.244 1.06 0.08 0.059 0.65 1.11 0.58 0.546
MBEE 0—20 0.604 0.829 4.63 0.10 0.687 1.37 3.27 11.51 0.329
After autumnal 20—40 0.450 0.401 1.44 0.07 0. 161 0.89 1.38 0.69 0.659
irrigation 40—60 0.504 0.386 1.51 0.06 0.149 0.77 1.03 -0.06 0.833
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Table 2 Semi-variogram types of soil EC value and their parameters

Al W SRR ‘ o - FE
Time Depth Theoretical C, Cy+C C/(Cy+C) Range R RSS
/em model /m
FIKHT 0—20 BRORAS 0.413 0.827 0.501 3013 0. 024 0.115
Before the fifth 20—40 o A 0.565 1.131 0.500 2267 0.058 0.0789
irrigation 40—60 [y eis) 0.068 0.136 0.500 1831 0.139 9.578x107*
FRBERT 0—20 Eisg g s 0.887 2.015 0.560 3257 0.531 0. 144
Before autumnal 20—40 BRARAT AL 0.464 0.929 0.501 2863 0.672 0.0235
irrigation 40—60 B g sl 0.353 0.457 0.501 2162 0.281 0.0209
hpess 0—20 FERR A 0.528 1.104 0.522 3920 0.899 0.013
After autumnal 20—40 e AR AR 0.649 1.299 0.500 3150 0.02 0.061
irrigation 40—60 B gl 0.508 1.530 0.518 2499 0.446 0.0491

R*J& Regression coefficient of determination [71J9 2%, RSS J& Residual sums of squares 5§22 )7l
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Fig.2 Semi-variogram of soil EC value
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Fig.3 Spatial distribution of soil EC value
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