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Salinization in the Old Yellow River Basin

SONG Ying', XU Zexin', WANG Jiafan', GAO Mingxiu' *'

(1. College of Resources and Environment, Shandong Agricultural University, Tai'an, Shandong 271018, China; 2. National Engineering
Research Center for Efficient Utilization of Soil and Fertilizer Resources, Tai'an, Shandong 271018, China)

Abstract:  Objective This study aimed to grasp the multidimensional spatial distribution characteristics of soil salinization,
analyze the factors influencing salinization risk, implement risk area zoning control and improve the efficiency of saline land use.

Method In this study, the Yellow River old riverway in Hekou District, Dongying City, Shandong Province, was selected as the
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study area. Descriptive statistics on soil salinization status were conducted using classical statistical methods, the
two-dimensional spatial distribution pattern of salinization in the study area was analyzed based on GIS interpolation, the
three-dimensional spatial distribution of salinity and its change trends were visualized using GMS three-dimensional inverse
distance weight interpolation, and a soil salinization risk evaluation model was constructed to quantitatively analyze the risk.

Result  The results show that the average salinity of the soil in the study area was 5.84 g-kg™', representing severe salinization;
and the average pH value was 7.82, indicating weakly alkaline. In two—dimensional space, the areas with high salinity (=6 g-kg™)
were mainly located in the north of the study area, and the overall trend was decreasing from the coast to the inland. In
three—dimensional space, the distribution characteristics of the soil salinity profile were mainly homogeneous, with local surface
aggregation and clustering at both ends, showing a complex coexistence of three types: surface aggregation, homogeneous, and
clustering at both ends. The risk degree of salinization was divided into four levels and the extremely high-risk areas were mainly
distributed in the north-central and northeast of the study area. Also, high-risk areas were mainly distributed in the middle and
northeast, moderate-risk areas in the west and southeast, and low-risk areas in the southwest of the study area. =~ Conclusion We
recommend that the following measures should be employed to minimize the risk of salinization and improve the efficiency of
resource utilization: preventive measures in extremely high-risk areas, control measures in high-risk areas, and improvement

measures in moderate and low-risk areas.

Key words: Soil salinization; Spatial characteristics; Multidimensional analysis; Risk assessment; The Yellow River old riverway
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Table 1 Data acquisition of salinization risk evaluation indexes

JRUSSE DA 46 e fA AR B ke ARITT B A Hops w1 E = BN
Evaluation index Abbreviation ~ Data sources  Acquisition method ~ Datatype  Data properties  References
AHHUR S_om RAE 25 [ Y A7 FSe i€ Wif) -
Soil organic matter/ ( g'kg™)
IR S_tex RAE 23 [ N A7 S i€ EE -
Soil texture
iz L HEEh A S_mid RARFVE 23 [ N A7 FSe i€ 1E ] -
Salinity of middle soil/ ( gkg™)
)2 e 4 S_bot RARFRVE 23 [ N 47 S i€ 1E -
Salinity of bottom soil/ ( g-kg™")
B N W_min Wi B et 25 6] A B 1E Ji [36-37]
Groundwater mineralization/ ( g-L™")
b KB IR W_dep W 45 3 25 [ Y A A B Wi ) -
Groundwater depth/ m
B ¥ S Dis T B 25 6] A A A 3 i [22]
Distance/ m
[ DEM B IRAE T SR A% Etis 3 e -
Altitude/ m
i S slo B I T8 SRR T WA ES 3 [1] [31]
Slope/%
T 55 /% FVC 1B B T R R T AR A 3 1] [38]
Vegetation coverage
-4 B R A Pre T SEE I 2 [A] P i A% S Hh Wif) -
Average precipitation/%
MR IR ET TSR T A% s HE 1E s [30]
Surface evapotranspiration/mm
N

T
Soil salinity

—11~2

£ 2~4
0 - 46
— e - >6

a)

W oa) BZLESE!E, b) pHo Note: a) Salt salinity of top soil, b) pH.

K2 R A s W) i

Fig. 2 Spatial distribution of soil properties
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37.5. 45.0. 52.5 cm 8 MR HIES R, K2
ISR BRI AT 4.99 gkg ' ~6.86 gkg !
ZA, WETEEU ST, TREEANT
82.01%~100.32% A, 2.5 cm ZJE T4 5,
7.5cm~52.5cm %2R THEEER

2 DIREFRUERMERITFE
Table 2 Descriptive statistical analysis of soil salinization
RME BOKE CFEHE
-5 TR HEA%L i bR 1B W AR
Min Max Average
Soil properties Layer depth /cm  Sample size Variance SD Kurtosis  Skewness CV/%
/(gkg!) / (gkeg) / (gkg")

TSR 0~20 86 1.06 22.72 5.84 28.45 5.33 1.50 1.49 91.27

Soil salinity 0~2.5 86 1.02 26.72 6.86 47.31 6.88 0.93 1.36 100
/ (gkg™) 2.5~75 86 1.04 25.22 591 30.38 5.51 2.69 1.69 93.34
7.5~15.0 86 1.07 25.92 5.13 25.17 5.02 4.59 2.07 97.84
15.0~22.5 86 1.00 24.67 5.16 24.13 491 4.58 2.08 95.13
22.5~30.0 86 1.03 23.22 4.99 20.07 4.48 4.50 2.04 89.74
30.0~37.5 86 1.00 29.42 5.29 25.05 5.00 7.70 2.49 94.65
37.5~45.0 86 1.07 22.02 5.20 18.40 4.29 3.74 1.89 82.42
45.0~52.5 86 1.06 22.32 5.07 17.29 4.16 5.45 2.16 82.01
pH 0~20 86 7.51 8.50 7.82 0.05 0.23 1.41 1.49 2.92
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Fig.3 Three-dimensional spatial distribution of soil salinity in the study area
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BAIKME, 4R AEG AR RMSE BT —
Y, HH RPE T 4, U6 = 4 S A R
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(1) hHERZEI5 X H R A CH . ¥
S om, S tex. S mid, S bot. W_min, W_dep. Dis.
DEM. S slo. FVC. A Pre. ET 5 S top #4745
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Table 3 Influence of salinization risk factors

NS W JIME q 7 54N ES W JIE q Eil354
Risk factor Influence value Rank Risk factor Influence value Rank
S_mid 0.677 1 S_tex 0.176 7
S_bot 0.597 2 W_dep 0.163 8
FVC 0.401 3 S_om 0.139 9

ET 0.278 4 A_pre 0.128 10
W_min 0.251 5 DEM 0.127 11
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Table 4 Comprehensive weight of risk factors

HAC R B

W AR
AU PR 2R Weight of
Weight of Comprehensive
Risk correlation
influence weight
factor coefficient
BT AGE MXRE AGE GANE HF
S _mid 0.677 0.209 0.790 0.194 0.201 1

S_bot 0.597 0.184 0.760 0.187 0.185 2
FVC 0.401 0.124  —0.450 0.117 0.117 3
ET 0.278 0.086 —0.250 0.073 0.074 4
W_dep 0.163 0.050 -0.370 0.071 0.071 5
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Fig. 4 Soil salinization risk distribution in the study area
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