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Abstract In coastal area, salinization is a common and

serious problem for crop cultivation and ecological res-

toration of degraded wetlands. Therefore, the soil salinity

has attracted increasing attention from farmers, govern-

ment and environmental scientists. The factors controlling

the soil salinity distribution have become a hot point in

saline soil studies. In this study, statistics and geostatistics

were used to explore the distribution of soil salinity in the

Yellow River Delta (YRD) based on 150 soil samples that

were collected in June 2010. Besides the experimental

work, a geographical information system technique was

adopted in this study. The results showed that the soil

salinity ranged from 0.11 to 10.50 dS m-1 and the salinity

in topsoil was higher than that in subsoil in the YRD,

indicating that the salt in subsoil moved up and

accumulated in topsoil as a function of evaporation. There

was a significant difference among soil salinity spatial

variances from different soil depths in the YRD. Gener-

ally, soil salinity of the topsoil was higher than that of the

subsoil. Meanwhile, there were significant positive corre-

lations in soil salinity between different soil depths. In

addition, landforms, land uses, soil types and soil texture

were important factors affecting soil salinity. The current

distribution of soil salinity resulted from the comprehen-

sive effects of anthropogenic activities and natural pro-

cesses. The present study results suggest that the impacts

of human activities were critical factors for salt redistri-

bution in the coastal wetlands, which should be valuable

for agricultural management and ecological restoration in

the YRD.

Keywords Soil salinity � Distribution � Impact

factor � Geographical information system � Yellow

River Delta

Introduction

The physical, chemical and mechanical properties of soil

were impacted greatly by salts, especially the soluble salts.

Salts can be transported from a salt laden water table to soil

surface by capillary rise due to evaporation. Human

activities such as irrigation with saline water can also make

salts concentrated rapidly on the surface of soil and

intensify the soil salinization (Wang et al. 2002; Ben

Ahmed et al. 2012). Salinization might not be so devas-

tating as earthquakes, volcanic eruption or large-scale

landslides, but it is certainly a severe environmental hazard

(Metternicht and Zinck 2003). Salinities of 0.7 dS m-1

(ECe value) or less are generally not stressful to most plants
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(Kotuby-Amacher et al. 1997). Above this threshold,

however, the dissolved salts can induce an osmotic stress in

the organisms (Thomas and Wiegand 1970). Therefore, the

soil salinization greatly threatens the normal growth of

plant and creates a serious problem for agriculture, which

has been of great concerns for farmers, government and

environmental scientists.

Coastal zone is an interface between the land and ocean.

There is a continuous supplement of salts from seawater

into mudflats and salt marsh in coastal area. Moreover,

there are heavy human activities in coastal area, which may

influence salts migration to inland soil. Actually, soil

salinity is one of the two particular stress factors influ-

encing the growth of plants and crops in coastal area, the

other is the soil alkali (Hussein and Rabenhorst 2001; Arun

and Sridhar 2005). The Yellow River Delta (YRD) is a low

gradient floodplain and the transitional zone of the Bohai

Sea and the North China plain. Massive sediment is

transported from the Loess Plateau to the YRD by the

Yellow River, causing the expansion of YRD by

20–25 km2 per year (Ren and Walker 1998). The YRD is

easily influenced by salts from seawater because of low

elevation. Short freshwater supply leads to the seawater

intrusion. Furthermore, the high ratio of evaporation to

precipitation (Guan et al. 2001a, b; Guan and Liu 2003)

and salt-loaded aerosols (Zarroca et al. 2011) are reasons

for top soil salinization as well. Therefore, large area of

saline soil appeared in the YRD (Li et al. 2003). In addi-

tion, the disorderly reclamation of farmland and extensive

field management increase the secondary soil salinization.

It is estimated that nearly half (47.4 %) of the land in the

YRD was salt affected, of which more than 66,500 ha was

heavy saline land in 2001 (Guan et al. 2001a, b). The basic

spatial distribution of soil salinity in the YRD is strip or

block pattern on land surface (Yao et al. 2006) and salts are

gathered on topsoil (Liu et al. 2010). The main factors

related to soil salinity include soil type (Fang et al. 2005),

water quality (Chhabra 1996), landform (Fang et al. 2005),

soil texture (Wang et al. 2012), water table position

(Northey et al. 2006), irrigation (Hoffman and Bresler

1986; Fan et al. 2010; Huang et al. 2011; Basile et al. 2012)

and land use (Celik 2005; Zhang et al. 2011). Although

some simulation models were used to explore the spatial

distribution and influencing factors of soil salinity (Fan

et al. 2010; Zhang et al. 2011), the spatial distribution of

soil salts and their impact factors on the YRD are not clear.

In this study, statistical methods coupled with geostatistical

methods were used to explore the distribution of soil

salinity in the YRD. The objectives of this study were (1)

to explore the difference in soil salinity in different land

uses, landforms, soil types and soil texture, and (2) to

reveal the characteristics of spatial pattern of soil salinity in

the YRD.

Materials and methods

Description of the study area

The study area is located in the modern YRD which is

situated at the northeast of Shandong province, China (Ye

et al. 2007). Because of rich sediment in river water, the

Yellow River had changed its delta channel (about 100 km

from the mouth) for nine times, and the river mouth had

varied over a range of 100 km from its present position

from 1855 to 1976 (Yu et al. 2011). The current channel

(Qingshuigou channel), resulted from artificial geo-engi-

neering in 1976 and a minor shift of the mouth channel in

1996, was the current prime outlet to the sea (Yu et al.

2011). The Yellow River Delta has been divided into the

north sub-delta and the south sub-delta by Qingshuigou

channel (Fig. 1). Because of short soil formation processes

and high soil salinity, the content of soil nutrient in the

YRD is definitely low (Yu et al. 2010).

The regional climate is a temperate semi-humid conti-

nental monsoon climate. The average annual precipitation

is 530–630 mm, of which 70 % is in the summer (Fang

et al. 2005; Zhang et al. 2009). The average annual evap-

oration is 1,900–2,400 mm (Zhao et al. 2010). The altitude

of the YRD is low and most parts are \10 m in elevation.

The study area is a flat floodplain with a plain slope of

0.0001 (Shi et al. 2003). There are six landform types and

eight land cover types in the YRD (Xu 1997). Cotton and

corn fields mainly distribute in the inland area and the

pasture, grassland and planted forest (Robinia pseudoaca-

cia and Salix matsudana Koidz.) distribute in the central

part. The swamp and salt marsh are widespread in the north

and east part of the YRD where there are less human

activities. The dominant species in the coastal wetland

ecosystem are Phragmites australis, Tamarix chinensis and

Suaeda salsa.

Data collecting and processing

The geographical information on land uses, soil texture,

landforms and soil types was used to analyze the impact of

geographical conditions on soil salinity distribution. The

soil data were digitized from soil maps of the YRD (Liu

and Drost 1997). By considering the morphological chan-

ges of the YRD caused by sediment deposition of the

Yellow River and coastal erosion in the last decade, the

coastline of the YRD in the soil maps was modified based

on field survey and means of interpretation of aerial pho-

tographs. According to Food and Agriculture Organization

(FAO) soil classification, the dominant soil types are

Calcaric Fluvisols, Gleyic Solonchaks and Salic Fluvisols

in the study area. The Calcaric Fluvisols mainly distribute

along river channel. The Gleyic Solonchaks are common
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along the seashore where the dominant land type is salt

marsh and the Salic Fluvisols distribute in the transitional

zone of floodplain and salt marsh (Fig. 2a).

Based on land use and land cover, the land-use map of

the YRD was produced using supervised maximum likeli-

hood classification from Landsat Thematic Mapper data

(Fig. 2b). The land-use types included farmland (cotton,

corn and soybean fields), forest, shrub, meadow, salt marsh,

open water, aquaculture and residential area. Farmland

mainly distributes in the central and western parts of the

YRD. Shrub and meadow were widespread in the low-lying

drainage basin and river bank, while aquaculture and salt

marsh were limited to the coastal zone. Although each type

of land uses was well defined, borders of different land uses

were fuzzy especially in some area with high vegetation

coverage. Therefore, the border was not well clear in above

area and was defined basically by field survey.

The landform data were digitized from the morpholog-

ical map which was drawn by the Institute of Geology

Environment Monitoring of China in 2005. There were six

geomorphic types in the YRD (Fig. 2c). Fluvial uplands

mainly distributed in the abandoned river channel, the flood

plain appeared in the present river channel. Low-lying

drainage basin was widely spread in the central part of the

delta, the tidal flats, salt marsh and coastal low-lying plain

mainly distributed along coastline. Isolated depression had

a fragmentized distribution in the center of the delta.

According to the classification of the United States

Department of Agriculture, the soil texture was digitized

from soil texture maps of the YRD (Liu and Drost 1997).

To test the accuracy of the map, the soil particle size of 10

collected soil samples were examined by laser particle

analyzer (Marlvern Mastersizer 2000F). In the YRD, types

of soil texture included sandy loam, sandy clay loam,

clayey loam, silty clay and clay (Fig. 2d), of which sandy

loam was the most widely distributed.

A total of 150 soil sampling sites were selected by grid

method in the study area, of which 82 were located in the

Yellow River Delta National Nature Reserve (YRDNNR),

which were located in the southeast part of the YRD where

the Yellow River meets the Bohai Sea. The soil was sampled

in June 2010 and the coordinate information of sample sites

was recorded (Fig. 1). At each site, soil samples of three

different depths of 0–10, 10–20 and 20–30 cm were col-

lected. Then a mixture of soil in the three soil depths (ratio

1:1:1) was prepared to represent the 0–30 cm soil depth. All

of the collected soil samples were used to prepare a 1:5 soil–

water suspensions to detect the soil salinities (Sampford

1962; Cetin and Kirda 2003a, b; Spies and Woodgate 2005).

The monitored electrical conductivity (EC) value (dS m-1,

Fig. 1 The location of the Yellow River Delta and sample sites
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25 �C) was used to display the soil salinities because the EC

has been regarded as a good indicator of the total soluble

salinity (Rhoades and van Schilfgaarde 1976; Williams and

Hoey 1987; Rhoades et al. 1989a, b).

Data analyses

Descriptive statistics were performed to analyze the gen-

eral characteristics of soil salinity and one-way analysis of

variance (ANOVA) was used to evaluate the differences in

soil salinities between landforms, land uses, soil types and

soil texture, respectively (Fang et al. 2005). Relationships

of EC value between different soil depths were analyzed by

the correlation analysis. Then the geostatistical methods of

ordinary kriging was performed to explore the spatial dis-

tribution of soil salinity (Cetin and Kirda 2003a, b). Spatial

analysis methods, including extraction and reclassification,

were also used to draw the salinity map. The statistical

Fig. 2 Geographical information on soil types (a), land uses (b) landform (c) and soil texture (d) of the Yellow River Delta
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analysis were conducted using SPSS version 18.0 (Carver

and Nash 2011), while the geostatistics and spatial analyses

were conducted with ARCGIS version 9.3 (Johnston 2004;

Cassel 2007).

Results

Distribution of soil salinity in different landforms,

land uses, soil types and soil texture

The average soil salinity in 0–30 cm soil depth in the YRD

was 2.31 ± 0.09 dS m-1 (Table 1). The average soil

salinity in soil depth of 0–10, 10–20 and 20–30 cm was

2.83 ± 0.19, 2.05 ± 0.11 and 2.05 ± 0.12 dS m-1,

respectively (Table 1). The highest average value of the

0–30 cm soil salinity (3.27 ± 0.15 dS m-1) appeared

in the coastal low-lying plain and the lowest

(1.60 ± 0.16 dS m-1) value appeared in the isolated

depression (Table 2; Fig. 3a). Soil salinity in the coastal

low-lying plain, tidal flats and salt marsh was much higher

than that in the isolated depression, fluvial uplands and

flood plain regardless of 0–10, 10–20 or 20–30 cm soil

depth (Table 2; Fig. 3a). The ANOVA test showed that

there were significant differences in soil salinity among

different landforms (Table 3; Fig. 3a).

The land use is an important factor impacting the salts

distribution in coastal zone. In the present study, salinity of

the 0–30 cm soil depth in salt marsh was the highest

(3.17 ± 0.13 dS m-1) and was three times more than that

of forest (0.90 ± 0.34 dS m-1) (Table 2; Fig. 3b). Salinity

of each soil depth in salt marsh and shrub was relatively

higher than that of other lands (Table 2; Fig. 3b). There

were significant differences in soil salinity in 0–30 cm

Table 1 Descriptive statistics for soil salinity (EC value, dS m-1) in each soil depth

Soil depths (cm) YRD The south sub-delta The north sub-delta

Mean ± S.E. Min Max Mean ± S.E. Min Max Mean ± S.E. Min Max

0–30 2.31 ± 0.09 0.11 10.5 2.35 ± 0.10 0.13 10.5 2.16 ± 0.18 0.11 9.86

0–10 2.83 ± 0.19 0.11 10.5 2.94 ± 0.21 0.13 10.5 2.36 ± 0.45 0.11 9.86

10–20 2.05 ± 0.11 0.13 5.99 2.07 ± 0.13 0.13 5.99 2.00 ± 0.21 0.15 5.14

20–30 2.05 ± 0.12 0.15 8.27 2.04 ± 0.14 0.15 8.27 2.12 ± 0.22 0.27 5.58

Table 2 Average and standard error of soil salinity (dS m-1) in different landforms (A), land uses (B), soil types (C) and soil texture

Geographical factors Subclass of geographical factors Observations Soil depths (cm)

0–30 0–10 10–20 20–30

Landform Coastal low-lying plain 49 3.27 ± 0.15 4.11 ± 0.34 2.89 ± 0.19 2.81 ± 0.19

Tidal flats and salt marsh 7 2.92 ± 0.25 3.58 ± 0.60 2.63 ± 0.26 2.57 ± 0.27

Low-lying drainage basin 27 1.78 ± 0.16 2.20 ± 0.37 1.70 ± 0.25 1.44 ± 0.19

Isolated depression 13 1.60 ± 0.16 1.65 ± 0.34 1.48 ± 0.25 1.67 ± 0.29

Fluvial uplands 8 1.75 ± 0.36 1.74 ± 0.81 1.69 ± 0.54 1.84 ± 0.57

Flood plain 46 1.82 ± 0.15 2.27 ± 0.32 1.51 ± 0.18 1.68 ± 0.26

Land use Meadow 46 1.81 ± 0.12 2.04 ± 0.27 1.65 ± 0.16 1.75 ± 0.20

Shrub 31 3.05 ± 0.23 3.76 ± 0.55 2.75 ± 0.30 2.65 ± 0.28

Farmland 25 1.14 ± 0.12 1.39 ± 0.27 1.00 ± 0.17 1.04 ± 0.18

Forest 5 0.90 ± 0.34 1.07 ± 0.84 0.94 ± 0.61 0.69 ± 0.38

Salt marsh 43 3.17 ± 0.13 4.06 ± 0.24 2.73 ± 0.16 2.70 ± 0.21

Soil type Gleyic Solonchaks 107 2.61 ± 0.10 3.20 ± 0.23 2.32 ± 0.14 2.32 ± 0.15

Calcaric Fluvisols 27 1.86 ± 0.17 2.25 ± 0.38 1.65 ± 0.24 1.66 ± 0.26

Salic Fluvisols 16 1.09 ± 0.13 1.37 ± 0.31 0.95 ± 0.15 0.95 ± 0.15

Soil texture Sandy clay loam 21 2.08 ± 0.22 2.54 ± 0.53 1.86 ± 0.28 1.84 ± 0.29

Sandy loam 110 2.41 ± 0.10 2.98 ± 0.22 2.13 ± 0.13 2.12 ± 0.15

Clay 5 3.08 ± 0.58 4.57 ± 1.18 2.62 ± 0.84 2.05 ± 0.47

Clayey loam 5 2.20 ± 0.54 2.30 ± 1.24 1.94 ± 0.84 2.37 ± 0.90

Silty clay 9 1.45 ± 0.19 1.41 ± 0.40 1.42 ± 0.27 1.53 ± 0.34
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depth among different land uses as revealed by one-way

ANOVA test (Table 3; Fig. 3b). Similar results were also

observed in 0–10, 10–20 and 20–30 cm soil depths

(Table 3; Fig. 3b).

Soil salinity in Gleyic Solonchaks, Calcaric Fluvisols

and Salic Fluvisols showed a similar ladder shape with a

descending trend in each soil depth. Soil salinity of Gleyic

Solonchaks was two times more than that of Salic Fluvi-

sols, which was the lowest in different soil types in all soil

depths (Table 2; Fig. 3c). Results of ANOVA showed that

there were significant differences in soil salinity among

different soil types in each soil depth (Table 3; Fig. 3c).

Soil salinities in clay were relatively higher than that in

sandy clay loam, clayey loam, sandy loam and silty clay

regardless of the 0–10, 10–20, 20–30 and 0–30 cm soil

depths (Table 2; Fig. 3d). Results of the post hoc analysis

showed that there were significant differences of 0–30 cm

soil salinity among different soil texture. However, soil

salinity from different soil texture in the 0–10, 10–20 and

20–30 cm depths showed no significant differences indi-

vidually. (Table 2; Fig. 3d).

The spatial distribution characteristics of soil salinity

in the YRD

In the interpolated map of soil salinity of the 0–10 cm soil

depth, high soil salinity generally distributed in the coastal

area and the central part of the YRD, while low soil salinity

mainly distributed on both banks of the Yellow River and

southwest part of the YRD (Fig. 4a). The interpretation

map of soil salinity of the 10–20 and 20–30 cm soil depths

showed a similar spatial pattern that high soil salinity area

was mainly distributed in the coastal area, while soil

salinity in the majority of inner part of the YRD was

\2 dS m-1 (Fig. 4b, c).

Differences of the soil salinity between the south and

north sub-delta were not significant regardless of soil depth

(Table 3; Fig. 5a). However, the average EC value of the

Fig. 3 Soil salinity distribution in different landforms (a), land uses (b), soil types (c) and soil texture (d). Letters above error bar of each

column indicate significantly different means at the p \ 0.05 level for multiple comparisons, vertical bar means standard error
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0–10 cm depth was significant higher than that of the

10–20 and 20–30 cm soil depths in the south sub-delta,

while there were no significant differences in soil salinity

of the north sub-delta (Fig. 5b). Moreover, soil salinities in

all depths of the YRD were similar to the results of the

south sub-delta (Fig. 5b). As a whole, it appeared that soil

salinity of the 0–10 cm depth was much higher than that of

the subsoil, while it changed little between the 10–20 and

20–30 cm soil depths (Fig. 5b). A significant positive

correlation in the average EC values between the 0–10,

10–20 and 20–30 cm soil depths was observed (Table 4).

Discussion

It is a convenient and feasible method to detect soil salinity

using EC as the indicator (Rhoades and van Schilfgaarde

1976; Rhoades et al. 1989a, b; Rhoades 1996). Based on the

regression equation between EC value and soil salinity in the

coastal area of China built by Cai et al. (1997), we estimated

that the average soil salt content of the 0–30 cm depth in the

YRD was approximately 6 g kg-1. The result accorded with

the previous achievements (Fan et al. 2010) (Yao and Yang

2007) and implied that the YRD was facing serious salts

problems. In fact, more than half of the soils in the YRD were

undergone heavy salinization (Liu et al. 2006).

The distribution patterns of soil salinity in this work

revealed that (1) topsoil (soil in the 0–10 cm soil depth)

showed higher salinity than the subsoil (Table 1), (2)

salinity in the coastal area was higher than that in the inland

(Fig. 4), (3) soil salinity in the estuary of rivers was higher

than that in the surrounding area (Fig. 4), (4) soil with finer

texture showed higher salinity (Table 2), (5) areas under

strong human activities seemed to experience little salini-

zation risk (Figs. 2, 4; Table 2), and (6) there were signif-

icant positive correlations in salinity between different soil

depths (Table 4). These rules were valuable for the inves-

tigation and management of salinization in the YRD. For

instance, if a salt efflorescence phenomenon appears on the

ground surface in the field investigation, it can be concluded

that the subsoil might be saline as well. Then, correspond-

ing measures could be considered and put into effect.

Soil salinity may be greatly affected by environmental

processes and anthropogenic factors (de Leeuw et al. 1991;

Cetin and Kirda 2003a, b; Yang et al. 2009; Zhang et al.

2011). The location and natural conditions of the YRD

made it vulnerable to suffer salinization (Fan et al. 2010;

Liu et al. 2012). Under the temperate semi-humid conti-

nental monsoon climate, the evaporation is strong in the

YRD where the evaporation–precipitation ratio is about 3:1

(Guan et al. 2001a, b). Meanwhile, the YRD is a young

alluvial land with high groundwater table and mineraliza-

tion (Fan et al. 2010). Therefore, lots of soluble salts

migrate to ground surface by evaporation resulting in salt

efflorescence phenomena. In the coastal area of the YRD,

seawater intrusion is a serious problem for the low elevation

and wide intertidal zone. Too much saline water intrudes

into soil which might change the properties of soil water

(Xue et al. 1997; Liu 2004). Then, soil tends towards sali-

nization under the impacts of capillarity and evaporation. In

addition, the ocean spray may suspend salts into the air as

salt-loaded wind aerosols, which can be transported long

distance to inland (Zarroca et al. 2011). Salt-loaded aerosols

can then fall onto ground (e.g., due to the rainfall), an

impact on soil salinity in near shore area (Team 2004). In

this study, it was found that the distribution of soil salinity

was related to geomorphology and land uses. Some studies

supported this viewpoint and indicated that landform and

land uses affected soil salinity by influencing the surface

and subsurface runoff which changed the water–salt

migration in soil (Liu et al. 2006, 2008). Soil texture,

determining capillary rise, was also found to be an impor-

tant factor influencing soil salinity. Generally, the finer the

soil texture is, the weaker the soil leaching is (Hong and

Hendrickx 2002). Thus, a finer soil texture leads to more

salts accumulation in topsoil (Liu et al. 2008). In addition,

as the major source of fresh water in the YRD, the Yellow

River influences the distribution of soil salinity indirectly.

Farthest area from the course of the Yellow River receives

Table 3 ANOVA test results for soil salinity in different soil types,

soil textures, landforms, land uses and areas

Soil depths

(cm)

F value (Cedfeldt et al.

2000)

P value

Soil type 0–30 19.58 (2,447) 0.00*

0–10 5.91 (2,147) 0.00*

10–20 9.09 (2,147) 0.00*

20–30 7.52 (2,147) 0.00*

Soil

texture

0–30 2.50 (4,445) 0.04*

0–10 1.59 (4,145) 0.18

10–20 0.79 (4,145) 0.54

20–30 0.50 (4,145) 0.74

Landform 0–30 16.26 (5,444) 0.00*

0–10 6.08 (5,144) 0.00*

10–20 7.55 (5,144) 0.00*

20–30 4.93 (5,144) 0.00*

Land use 0–30 30.17 (4,445) 0.00*

0–10 11.48 (4,145) 0.00*

10–20 13.30 (4,145) 0.00*

20–30 9.32 (4,145) 0.00*

Locations 0–30 0.37 (4,145) 0.69

0–10 0.72 (2,297) 0.49

10–20 0.03 (2,297) 0.98

20–30 0.03 (2,297) 0.97

*p \ 0.05
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limited fresh water supply, and therefore faces great risk of

salinization. Furthermore, there might be another way of

contribution in the coastal saline due to the existence of

levels of fine textured sediments filled of brackish con-

genital waters, formed in marine or in the marshes, which

are actually incorporated into the continental due to the fast

delta system evolution. Vegetation plays a special role

in salinization as well. On one hand, the plant cover

contributes to the control of soil salinity indirectly by

restraining evaporation of ground surface although soil salts

were proved to be a limiting factor in the growth of plants in

the YRD (Wu et al. 1994). On the other hand, some salt-

tolerant plants such as T. chinensis and S. salsa have the

ability of transferring salt ions from soil to plant corpus,

which might be an effective mechanism for remission of

high soil salinity (Zhang et al. 2007; Guo et al. 2011; Lei

Fig. 4 The spatial distribution of soil salinity in 0–10 cm (a), 10–20 cm (b) and 20–30 cm (c) soil depth
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et al. 2011). Anthropogenic activities couldn’t be neglected

in the study of salinization (de Leeuw et al. 1991; Wu et al.

1994; Mondal et al. 2001; Zheng et al. 2009; Zhang et al.

2011). People have developed many effective measures

such as watering and salt leaching to alleviate salinization

(Khosla et al. 1979; Christen and Skehan 2001; Corwin

et al. 2007). Some researchers found that cultivation might

be a method to control soil salinity as well (Akhter et al.

2003; Li et al. 2010). In the coastal area, people build

breakwater to protect the upper tidal flat from sea water

intrusion. Meanwhile, some anthropogenic activities such

as unadvisable irrigation and reclamation might lead to

secondary salinization (Lax et al. 1994; Dehaan and Taylor

2002; Rietz and Haynes 2003). Thus, we should take into

account appropriate human activities in saline land to pre-

vent salinization.

Conclusions

The YRD was suffering heavy salinization and high

salinity generally appeared in the topsoil. Meanwhile, there

were significant positive correlations in soil salinity

between different soil depths. The spatial distribution pat-

tern of soil salinity of the 0–10 cm depth was more

sophisticated than the 10–20 and 20–30 cm soil depths.

The spatial distribution of soil salinity resulted from the

comprehensive effects of anthropogenic activities and

some natural factors. The findings of this study are

expected to contribute to agricultural management and

ecological restoration in the YRD.
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