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Fig. 1 The study area (the middle stream of Heihe River) and the soil

sampling locations with the total salt content indicated
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Table 1 Correlation coefficient matrix of ions and total salt contents
i pH Na' K" Mg Ca®" Cr SO* COz” HCO; HYL
pH 1.000
Na* 0.198 1.000
K" 0.0271 0.831° 1.000
Mg®* 0.255 0.815" 0.992" 1.000
Ca* 0.143 0.654" 0.728" 0.714 1.000
cr 0.220 0.991° 0.896" 0.882° 0.691° 1.000
SO 0.202 0.998" 0.853" 0.839" 0.701" 0.995 1.000
CcOoy” 0.670" 0.284 0.526" 0.493" 0.402" 0350 0.308 1.000
HCO5 -0.291 -0.036 0.008 -0.015 -0.191 -0.028 -0.049 -0.140 1.000
HYL 0.207 0.997" 0.866" 0.851" 0.696" 0.997 0.999" 0.319 -0.041 1.000
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Table 2 Total salt contents for different levels of depth to water table
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Impacts of Hydrological Processes on Soil Salinity in the Middle Heihe
River Basin

MENG Xue, ZHANG Juan, ZHENG Yi*, TIAN Yong, WU Xin, WU Bin, LI Jinguo, WANG Sai, JOO Jaewon

Department of Energy and Resources Engineering, College of Engineering, Peking University, Beijing 100871, China

Abstract: Soil salinization is a typical ecological and environmental problem in arid and semi-arid areas. Heihe River Basin (HRB)
is the second largest inland river basin in China. Investigation on the soil salinization issue in HRB can provide valuable information
to the sustainable development of the western China. The population and economic development (mainly agriculture) in HRB are
concentrated in its middle stream area. This study conducted a field campaign of soil sampling in the entire middle HRB. The total
salt content and ion composition of top-soil samples were analyzed. Principal component (PC) analysis was performed on the data,
which identified the first and second PCs as the indicators of soil salinization and soil alkalization, respectively. Results of integrated
surface water-ground water modeling for the study area were also referred to, and the impacts of hydrological processes on the soil
salinity were discussed. The major study results include the following. First of all, the top soil of the study area has a high salinity,
and soil salinization is most severe along the main Heihe River from Gaotai to Jinta, where the highest total salt content reaches
31.4%. The northern part of Jiuquan and southern part of Zhangye also have significant soil salinization, but not as severe as Gaotai
to Jinta, and the salt content ranges from 0.20% to 0.37%. The degree of soil salinization is closely related to the depth to water table,
which implies primary salinization. In general, both mean and standard deviation of topsoil salinity increase with depth to water table.
As present, soil alkalization is not a problem in the middle HRB, and the spatial distribution of soil alkalinity is negatively correlated
with that of soil salinity. The intensive irrigation in the study area has not caused significant secondary salinization, but enhanced the
soil alkalinity to a certain extent. Compared to previous studies, this study better covers the typical soils and land uses in the entire
middle HRB, and quantitatively analyzed the connection between hydrologic processes and soil salinization in this area. The study
results provide insights into the sustainable utilization of water and land resources in the western China.

Key words: Heihe River Basin; soil; salinization; groundwater; oasis agriculture; irrigation



