
Introduction

Land degradation induced by negative natural factors

or human activities is a very important problem that can-

not be neglected in arid or semi-arid regions [1-3]. In

northeast China a large area of land is affected by salts as

a semi-arid climate, and most of them are natural grass-

lands that have not been reclaimed for agronomical pur-

poses [4, 5]. Due to long-term deficiency of proper input

and management, problems emerged by the end of the last

century as the degradation of the grasslands and the reces-

sion of the stock breeding, which affected the economic

sustainability of region [6-8]. From then on an ambitious

project for restoration of the grassland affected by salts

was launched by the local government, and the restriction

of grazing and mowing was the major measure that has

been technically performed [9]. For more than 10 years of

restoring, the grassland has been restored to a degree of

part covered by grasses. However, not all the grasslands

could be restored to a high productivity attribute to the soil

salinization and sodicification. Soil productivity varies

seriously with salinity in the field, and the vegetation was

instrumentally shaped by various species of grasses, even

on a small scale [10, 11]. 

Spatial variation of soil properties related to salts is pos-

sibly caused by soil heterogeneity and variations of exter-

nal factors, including shallow groundwater, microtopogra-

phy, seasonal water logging, and human activities [12]. 
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It exhibits a subsequence of the vegetation cover hetero-

geneity; and a causal factor of the heterogeneity of the veg-

etation pattern on the saline and sodic soil could be con-

sidered a complexity of various environmental conse-

quences. The importance of the spatial distribution of soil

properties has been mentioned in former research of the

Songneng plain [13, 14], but the relationship among the

causal factors was not demonstrated by situ investigation

of the soil. Soils affected by salts is a continuum that varies

in spatial and temporal scales; therefore, the consequences

that we can reach now is a main subsequent cause to the

future [15, 16]. 

Better understanding the main cause of the heterogene-

ity of the soil properties is essential for enhancing grassland

productivity [17, 18]. The subject of this article is to ana-

lyze the causes of the variation of the salinity and sodicity

of the soil by investigating the relationship between salini-

ty and microtopography, water content, and microtopogra-

phy, and by comparing salinity sodicity under different veg-

etation communities.

Materials and Methods

Site Description

The study site is a 2.8 ha saline sodic grassland at Da’an

Sodic Land Experimental Station, Chinese Academy of

Sciences, which is located in west Jilin province, northeast

China. The climate of the region could be considered con-

tinental semi-arid monsoon, for the annual mean tempera-

ture is around 4.7ºC, the pan evaporation and precipitation

are 1,000-2,500 mm and 370-400 mm, respectively, and

rainfall mainly concentrates in July and August [19]. There

is a long period of freezing time in a year, from early in

November to later May, and the insolation and effective

accumulated temperature is sufficient (2,885.5 h and

2,996.2ºC a year) for plant growth to balance the long peri-

od of low temperature in a year. 

Sixteen species of native grasses were investigated in

this study site. Among these, just one species of the grasses

could be considered a salt-tolerable plant (halophyte,

Suaeda corniculata) and the other 15 species could be con-

sidered glycophyte according to Glenn et al. [20]. Five

communities dominated by Suaeda corniculata (C. A.

Mey.) Bunge, Puccinellia tenuiflora (Turcz.) Scribn.,

Phragmites australis (Cav.) Trin. ex Steud. and Artemisia
mongolica Fisch. et al. Bess., and Lactuca sibirica (L.)

Benth., were confined, respectively [21], and communities

dominated by a particular grass are situated on a particular

position on this study site. 

The Suaeda corniculata community is poor covered

xeric grassland located on the middle of the gradual slope.

The structure of the community is simple, and just one

species of a forb (S. corniculata) could develop on this site.

The Puccinellia tenuiflora community is good covered

grassland located on the edges of the depressions around

the P. australis and A. mongolica communities. The com-

munity dominated by S. corniculata is situated in the upper

position of the slope; a neighbor to this P. tenuiflora com-

munity, the structure of the community is simple too, as

other species of grasses were rarely found in this cereal-

dominated grassland. The Phragmites australis – Artemisia
mongolica community is good covered grassland located

around the depressions, which are dominated by the two

fast-growing grass species. P. australis is a tall rhizomatous

perennial and A. mongolica is a biennial forb. Phragmites
australis is good covered mesic vegetation located in the

depressions. As the rainfall is sufficient in summer, it

became waterlogged, and other species of grass could also

rarely be found in this community. Lactuca sibirica is good

covered meso-xeric vegetation located in smaller depres-

sions. The structure of this community is more complicated

than the former four. 

The grassland has been preserved for several years

since 2001, mowing and grazing is prohibited in this field,

for the serious degradation of the grassland caused by

excessive grazing. For a nearly one-decade restoration of

the grassland, this field site was all virtually vegetated and

barren. 

Field Survey and Soil Sampling

The field work of the situ survey, soil sampling, and

investigation of communities were carried out from August

to September 2009. Our experiment consisted of:

(i) surveys of the environmental factors for community

level 

(ii) examination of the community structure, biomass, and

α biodiversity index. 

To examine the environmental factors we employed a

dumpy level to map the relative elevations of micro topog-

raphy, and an electromagnetic (EM) instrument (EM-38)

developed by Geonics Ltd., Canada, to map the spatial dis-
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Fig. 1. Map of study site for EM measurement sites and soil

sampling and grass quadrat sites.

EM measure sites

Sample sites



tribution of salinity with a GPS receiver [22]. Soil proper-

ties under particular communities were obtained through

core sampling of the profile. We selected 36 sites to mea-

sure the apparent electrical conductivity (ECa) and take the

core samples. The core samples were drilled to a depth of

120 cm with a manual auger, with the interval of 10 cm for

the upper layer of the soil profile to a depth of 20 cm, and

to the deeper with interval of 20 cm to a depth of 120 cm. 

Electrical conductivity (EC1:5) was determined by a

DDS-307 conductivity meter (Shanghai precision scientific

instrument Co., Ltd., China). The pH value of the 1:5 sus-

pension was determined by a LIDA920 (Shanghai LIDA

Instrument Factory). The cations Na+, K+, Ca2+, and Mg2+

were determined using induced couple-plasma spec-

troscopy (GBC, scientific equipment Pty Ltd., Australia).

The exchangeable cations as Na+, K+, Ca2+, and Mg2+ were

compulsively exchanged with ammonium acetate in a solu-

tion, and were determined using induced couple-plasma

spectroscopy. The cation exchange capacity (CEC) was the

sum of the cations. The anions determined in this experi-

ment included CO3
2-, HCO3̄, Cl¯, and SO4

2-. All these anions

were determined by Potentiometric titration. The CO3
2- and

HCO3̄ were titrated with sulphuric acid. The Cl¯ and SO4
2-

were titrated with AgNO3 and Pb(NO3)2, respectively. All

the soluble cations and anions were in mmolc·L
-1, while the

exchangeable cations and CEC were in cmolc·kg-1.

The Sodium adsorption ratio (SAR) was calculated with

analysis results of the Na+, Ca2+, and Mg2+. In the following
equation the values of the ions are equivalent concentra-

tions for calculating the SAR.

The exchangeable sodium percentage (ESP) is calculat-

ed with the exchangeable cations of the soil. ESP is the per-

centage for the exchangeable sodium of the cation

exchange capacity as the follow equation:

The water content was measured by weight. All the

samples were collected in 3 days and soil samples were

oven-dried at 105ºC for 6 hours in aluminum boxes.

Analysis of variance (ANOVA) was performed using

Microsoft Office Excel 2003. A semivariogram spherical

model was used to analyze the spatial autocorrelation of

data. To assess possible linear relationships, linear or non-

linear regression models were fitted.

Results

Chemical Properties of the Sample Sites

Soil properties of the 36 sites measured by 1:5 suspen-

sions of soil and water are shown in Tables 1-7. We list the

main statistics of soil salinity and sodicity parameters at the

depth increment of 0-10, 10-20, 20-40, 40-60, 60-80, 80-

100, and 100-120 cm. These statistics show the main com-

ponents of electrolyte in the soil and variations of soil prop-

erties by the coefficient of variation (CV). The electrolyte

of the 1:5 suspension of the soil in our study site is pre-

dominated by Na+ and HCO3̄. This is the crucial cause for

the high pH of the soil. All the properties measured in this

study vary except for pH, for its special algorithm. The CV

of EC1:5 decrease by depth increment associating with the

major dominating electrolyte Na+ and HCO3̄. 

100 ExNaESP
CEC

2

NaSAR
Ca Mg
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Table 1. Main statistics for 0-10 cm depth sampled from 36 sites.

Soil property Mean SE Max. Min. SD CV Skewness

EC1:5 (dS/m) 0.8 0.1 2.86 0.14 0.61 76.53 1.93

pH 9.66 0.12 10.47 7.79 0.72 258.73* -1.26

Na+ (mmolc/L) 11.38 1.37 37.7 2 8.22 72.22 1.57

Ca++ +Mg++ (mmolc/L) 2.14 0.34 6.83 0.04 2.02 94.41 0.98

CO3̄ ¯ (mmolc/L) 1.53 0.33 6.88 0 2.01 131.53 1.4

HCO3¯ (mmolc/L) 8.91 1.03 28.2 0.54 6.18 69.39 1.17

Cl¯ ( mmolc/L) 1.81 0.27 8.39 0.15 1.63 89.8 2.11

SO4̄ ¯ (mmolc/L) 0.6 0.14 4.31 0.12 0.86 144.17 2.72

CEC (cmolc/kg) 44.17 3.36 86.5 14.25 20.14 45.61 0.47

Exchangeable sodium (cmolc/kg) 20.23 1.88 52.8 6.4 11.29 55.82 0.97

ESP (%) 52.86 4.54 97.02 7.4 27.23 51.5 -0.05

SAR ((mmolc/L)1/2) 15.75 2.34 65.55 3.86 14.05 89.17 2.03

*Calculating with the concentration of hydrogen ion in mol/L.



To further describe the spatial variation of soil salinity,

a semivariogram for each data set was developed for twelve

salinity parameters. Results from Table 8 show that

nugget/sill ratio values of seven salinity parameters were

less than 25%, which indicated a strong spatial autocorrela-

tion for seven salinity parameters, except for five parame-

ters(CO3̄ ¯, SO4̄ ¯，CEC, exchangeable sodium, and ESP).

The results demonstrated that the spatial variations of seven

soil salinity parameters were mainly affected by structural

factors, which might include topography, hydrological, and

climatic condition. The other five parameters were mainly

affected by random factors.

Correlation between ECa and EC1:5

The correlation between ECa and EC1:5 is significant

(P<0.0001), which indicates that the spatial distribution of

EC1:5 expressed by ECa could be considered reliable. The

EMH and EMV in the equations by simple linear regression

represent the ECa values that measured by the EM38 in the
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Table 2. Main statistics for 10-20 cm depth sampled from 36 sites.

Soil property Mean SE Max. Min. SD CV Skewness

EC1:5 (dS/m) 1.02 0.1 2.82 0.19 0.62 61.05 1.39

pH 9.85 0.1 10.41 7.68 0.58 412.59* -2.12

Na+ (mmolc/L) 14.29 1.37 40.3 2.5 8.24 57.69 1.22

Ca++ +Mg++ (mmolc/L) 3.4 0.41 8.28 0.04 2.48 72.87 0.33

CO3̄ ¯ (mmolc/L) 2.54 0.35 7.07 0 2.11 83.05 0.48

HCO3¯ (mmolc/L) 11.77 1.11 35.96 2.01 6.69 56.79 1.33

Cl¯ ( mmolc/L) 2.19 0.33 8.35 0.1 1.97 89.82 1.86

SO4̄ ¯ (mmolc/L) 0.53 0.14 4.8 0.11 0.84 160.65 4.01

CEC (cmolc/kg) 46.64 2.68 90 21.25 16.06 34.43 0.96

Exchangeable sodium (cmolc/kg) 26.26 1.91 58.6 8.6 11.43 43.54 0.82

ESP (%) 60.75 4.03 96.4 9.56 24.2 39.84 -0.39

SAR ((mmolc/L)1/2) 22.93 6.83 219.36 3.32 40.95 178.64 3.8

*Calculating with the concentration of hydrogen ion in mol/L.

*Calculating with the concentration of hydrogen ion in mol/L.

Table 3. Main statistics for 20-40 cm depth sampled from 36 sites.

Soil property Mean SE Max. Min. SD CV Skewness

EC1:5 (dS/m) 1.02 0.08 2.39 0.31 0.5 48.91 0.98

pH 9.96 0.07 10.51 8.55 0.44 210.36* -1.35

Na+ (mmolc/L) 14.24 1.09 30.2 4 6.54 45.94 0.69

Ca++ +Mg++ (mmolc/L) 2.87 0.39 9.66 0.04 2.34 81.56 0.81

CO3̄ ¯ (mmolc/L) 2.53 0.34 7.22 0 2.04 80.92 0.71

HCO3¯ (mmolc/L) 11.67 1.15 35.47 2.54 6.9 59.1 1.78

Cl¯ ( mmolc/L) 2.33 0.4 10.48 0.08 2.41 103.34 2.08

SO4̄ ¯ (mmolc/L) 0.58 0.15 3.95 0.13 0.88 151.23 3.14

CEC (cmolc/kg) 45.99 2.49 84.25 17.75 14.96 32.53 0.13

Exchangeable sodium (cmolc/kg) 25.8 2.21 69.4 7.2 13.28 51.46 1.46

ESP (%) 59.39 4.18 96.2 16.18 25.08 42.22 -0.23

SAR ((mmolc/L)1/2) 23.65 5.72 166.42 5.08 34.35 145.27 3.11



horizontal and the vertical configuration, respectively. The

r-square values indicate the strength of association between

EC1:5 and the ECa. We chose the best-fitting equation (Eq. 1

and Eq. 2) to express the spatial distribution of EC1:5 for the

upper layer of the depths to 0-10 cm and 10-20 cm where

the roots mainly spread. 

0-10 cm: EC1:5 = 1.09 EMH – 0.23 

(r2 =0.52 P<0.0001)
(1)

10-20 cm: EC1:5 = 1.27 EMH – 0.21 

(r2 =0.69 P<0.0001)
(2)

0-10 cm: EC1:5 = 1.05 EMV – 0.41

(r2 =0.42 P<0.0001)
(3)

10-20 cm: EC1:5 = 1.24 EMV – 0.32

(r2 =0.58 P<0.0001)
(4)

Relationship between Micro-Topography 

and Salinity

Soil ECa and EC1:5 of 0-20cm layers varied with the sur-

face micrtopography (Fig. 2). The relative relief ranges from

0-42 cm in this study site, and the slopes are very gradual.
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*Calculating with the concentration of hydrogen ion in mol/L.

*Calculating with the concentration of hydrogen ion in mol/L.

Table 4. Main statistics for 40-60 cm depth sampled from 36 sites.

Soil property Mean SE Max. Min. SD CV Skewness

EC1:5 (dS/m) 1.03 0.08 2.31 0.3 0.46 44.85 1.17

pH 9.93 0.07 10.41 9.01 0.4 124.31* -1.02

Na+ (mmolc/L) 14.27 1 30.9 4.3 6.01 42.14 0.83

Ca++ +Mg++ (mmolc/L) 2.44 0.33 6.46 0.03 1.98 81.43 0.51

CO3̄ ¯ (mmolc/L) 2.66 0.42 9.15 0 2.5 93.95 1.08

HCO3¯ (mmolc/L) 11.92 0.99 27.36 3.66 5.95 49.88 1.08

Cl¯ ( mmolc/L) 2.37 0.36 9.29 0.14 2.18 91.93 1.72

SO4̄ ¯ (mmolc/L) 0.66 0.12 3.65 0.04 0.73 110.79 2.34

CEC (cmolc/kg) 41.57 2.68 78.5 16.25 15.87 0.38 0.81

Exchangeable sodium (cmolc/kg) 22.5 1.74 54.4 8.8 10.27 45.63 1.29

ESP (%) 57.94 4.02 97.39 18.11 23.44 40.45 0.03

SAR ((mmolc/L)1/2) 27.93 6.8 198.47 6.18 40.8 146.08 2.99

Table 5. Main statistics for 60-80 cm depth sampled from 36 sites.

Soil property Mean SE Max. Min. SD CV Skewness

EC1:5 (dS/m) 0.84 0.06 1.85 0.33 0.36 42.82 0.96

pH 9.91 0.07 10.39 8.88 0.42 138.11* -0.95

Na+ (mmolc/L) 11.58 0.77 23.5 4.7 4.62 39.94 0.71

Ca++ +Mg++ (mmolc/L) 3.39 0.49 10.04 0.04 2.93 86.49 0.87

CO3̄ ¯ (mmolc/L) 2.06 0.35 7.67 0 2.09 101.15 1.16

HCO3¯ (mmolc/L) 9.87 0.9 24.42 2.06 5.43 54.95 0.66

Cl¯ ( mmolc/L) 2.24 0.34 11.28 0.13 2.06 92.3 2.66

SO4̄ ¯ (mmolc/L) 0.64 0.19 4.74 0.13 1.14 177.07 2.7

CEC (cmolc/kg) 38.56 2.42 76.75 19.5 14.51 37.63 0.92

Exchangeable sodium (cmolc/kg) 21.29 1.8 48.4 6.2 10.78 50.62 0.95

ESP (%) 58.47 4.14 96 14.96 24.81 42.44 -0.19

SAR ((mmolc/L)1/2) 16.43 4.21 143.24 3.21 25.26 153.73 4.34



The highest salinity was spotted on the slopes while the

lightest was situated in the depressions. The salinity on the

mound was higher than the depressions but much lighter

than the slope. The highest value of the coefficient of vari-

ation for EC1:5 was in the depressions, indicating that the

spatial distribution of salinity was more complex than that

in the slop and mound of the micro-topography. Indeed,

the range of EC1:5 values were from 0.1 to 0.86 of the

depth of 0-10 cm and 0.11 to 0.97 of the 10-20 cm (Table

9), which means that soils in lower places could be char-

acterized to be saline or nonsaline referring to the former

reports [17]. However, there was no clear border between

these two layers of soil in sight of the depressions within

this field.

Relationship between Water Content 

and Micro-Topography

By comparing the mean values of water contents of the

three features of micro-topography we found the highest

water content of the upper layer of the soil was in the

depressions (Table 10), and it decreased with the micro-
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Table 6. Main statistics for 80-100 cm depth sampled from 36 sites.

Soil property Mean SE Max. Min. SD CV Skewness

EC1:5 (dS/m) 0.72 0.05 1.45 0.32 0.29 40.46 0.89

pH 9.86 0.07 10.4 9 0.4 111.73* -0.68

Na+ (mmolc/L) 9.99 0.66 17.9 4.5 3.94 39.42 0.7

Ca++ +Mg++ (mmolc/L) 2.33 0.32 9.37 0.04 1.9 81.53 1.72

CO3̄ ¯ (mmolc/L) 1.46 0.27 6.77 0 1.63 111.91 1.72

HCO3¯ (mmolc/L) 7.67 0.64 17.62 0.95 3.83 49.93 0.72

Cl¯ ( mmolc/L) 2.02 0.29 8.63 0.31 1.74 85.82 2.2

SO4̄ ¯ (mmolc/L) 0.79 0.23 6.81 0.13 1.35 171.68 3.29

CEC (cmolc/kg) 33.26 2.24 67 18.75 13.46 40.48 0.8

Exchangeable sodium (cmolc/kg) 19.36 1.88 48.6 6 11.28 58.24 1.02

ESP (%) 59.82 4.13 96.41 12.18 24.81 41.47 -0.33

SAR ((mmolc/L)1/2) 13.08 2.55 98.01 4.88 15.29 116.9 5.18

*Calculating with the concentration of hydrogen ion in mol/L.

*Calculating with the concentration of hydrogen ion in mol/L.

Table 7. Main statistics for 100-120 cm depth sampled from 36 sites.

Soil property Mean SE Max. Min. SD CV Skewness

EC1:5 (dS/m) 0.62 0.05 1.41 0.25 0.27 44.06 1.17

pH 9.79 0.07 10.34 8.83 0.44 127.91* -0.75

Na+ (mmolc/L) 8.5 0.62 20.2 3.5 3.7 43.58 1.23

Ca++ +Mg++ (mmolc/L) 2.09 0.36 8.57 0.04 2.17 103.76 1.76

CO3̄ ¯ (mmolc/L) 1.58 0.32 7.16 0 1.91 120.4 1.79

HCO3¯ (mmolc/L) 6.74 0.62 15.2 1.39 3.7 54.88 0.59

Cl¯ ( mmolc/L) 1.99 0.36 8.88 0.22 2.18 109.37 2.33

SO4̄ ¯ (mmolc/L) 0.52 0.11 2.92 0.13 0.65 123.66 2.2

CEC (cmolc/kg) 34.99 2.54 72.75 14 15.23 43.53 0.7

Exchangeable sodium (cmolc/kg) 17.58 1.72 47.2 3.6 10.33 58.77 1.14

ESP (%) 52.77 3.95 94.05 11.34 23.71 44.93 -0.02

SAR ((mmolc/L)1/2) 13.72 2.65 93.29 3.97 15.9 115.9 4.03



relieve within this study site. With the increment of the

depths of different features of the micro-topographies, the

driest place could be confined on the top of the mounds.

However, the there were no significant differences between

the water contents on the gradual slopes and the depressions

in the deeper layers of the profiles. The water contents

increased with the increment of the depths of these three

features of the micro-topographies, but there were no sig-

nificant differences among the downward layers under 20

cm of the mound sites. The maximum value of the water

content of the slopes was spotted at a depth of 80-100 cm,

and the maximum value for the depressions was found at
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Table 8. Summary of best-fit models for salinity parameters in 0-10 cm soil layer (n=36).

Parameter Best-fit model Nugget, C0 Sill, C0+C Range (m), A0 C0/ C0+C (%) R2 RSS

EC1:5 (dS/m) Spherical 0.0001 0.1012 44.7 0.001 0.881 1.185E-03

pH Spherical 1.000E-005 5.360E-003 29.9 0.002 0.635 9.375E-06

Na+ (mmolc/L) Spherical 0.001 0.453 39 0.002 0.799 0.040

Ca++ +Mg++ (mmolc/L) Spherical 0.001 0.373 27.3 0.003 0.588 0.048

HCO3¯ (mmolc/L) Spherical 0.001 0.469 35.3 0.002 0.618 0.102

Cl¯ ( mmolc/L) Spherical 0.0001 0.276 49.6 0.001 0.909 6.093E-03

SAR ((mmolc/L)1/2) Spherical 0.105 0.660 105.2 0.249 0.775 0.065

Fig. 2. 3D surface map of micro-relief (a) overlapped by the contour colored map of the apparent soil electrical conductivity (ECa).

We choose the ECa measured in horizontal configuration here (b), the electrical conductivity of 1:5 suspensions (EC1:5) of depth of 0-

10 cm (c), and the electrical conductivity of 1:5 suspensions (EC1:5) of depth of 10-20 cm (d).

a) b)

c) d)

cm ECa (dS/m)

EC1:5 (dS/m)
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Table 9. Electrical conductivity (dS·m-1) of 1:5 suspension (EC1:5) of the soil from upper layers of distinguishing features of the micro-

topography.

Mean SE SD CV (%) Skewness Min. Max.

0-10 cm

Mound 0.68 0.05 0.23 33.82 -0.55 0.15 1.05

Gradual slope 1.3 0.11 0.58 44.62 0.31 0.54 2.86

Depression 0.51 0.04 0.24 47.06 -0.47 0.1 0.86

10-20 cm

Mound 0.88 0.08 0.29 32.95 0.33 0.42 1.41

Gradual slope 1.73 0.14 0.58 33.53 -0.08 0.84 2.82

Depression 0.55 0.04 0.23 41.82 -0.46 0.11 0.97

Table 10. Mass water content (%) of the soil sampled from upper layers of distinguishing features of the micro-topography.

Mean SE SD CV (%) Skewness Min. Max.

0-10 cm

Mound 7.38 1.08 3.06 41.54 0.82 4.06 12.65

Gradual slope 8.56 0.74 3.20 37.41 0.64 2.22 16.34

Depression 11.42 1.26 5.18 45.39 1.09 4.06 24.89

10-20 cm

Mound 12.49 0.89 2.52 20.18 -0.40 8.51 15.38

Gradual slope 13.59 0.56 2.43 17.88 -0.27 8.23 17.15

Depression 16.58 1.36 5.62 33.89 1.13 8.51 31.62

20-40 cm

Mound 12.46 0.89 2.52 20.23 -0.92 7.60 15.58

Gradual slope 15.53 0.53 2.31 14.84 0.33 11.67 20.37

Depression 15.71 1.01 4.17 26.56 0.30 7.60 24.92

40-60 cm

Mound 12.88 1.08 3.04 23.62 -1.03 6.94 16.99

Gradual slope 14.75 0.44 1.92 13.01 0.49 11.46 18.65

Depression 15.82 0.87 3.58 22.65 -1.05 6.94 20.08

60-80 cm

Mound 12.74 0.82 2.33 18.31 -1.97 7.49 14.57

Gradual slope 15.35 0.59 2.59 16.87 0.24 10.49 20.89

Depression 16.02 1.07 4.40 27.50 0.85 7.49 27.90

80-100 cm

Mound 13.43 0.47 1.33 9.88 -0.50 11.25 15.15

Gradual slope 18.13 1.51 6.57 36.23 1.61 11.59 34.68

Depression 15.75 0.67 2.76 17.54 0.31 11.25 20.84

100-120 cm

Mound 14.75 0.49 1.39 9.39 0.51 13.35 16.53

Gradual slope 15.81 0.69 3.02 19.11 0.66 11.44 22.29

Depression 17.68 1.21 5.00 28.30 2.59 13.35 34.44



100-120 cm, which was the deepest layer that we sampled.

The CV values indicate the spatial variation of the soil-

water content. The minimum value of the CV was on the

slopes, and CV of the depressions was higher than the other

two features of the micro-topographies for the same depths

from the surface. The CV decreased by increment of the

depth, and the maximum was in the upper layers of 0-20

cm. 

More water gathered in the depressions and it became

waterlogged in the rainy season from June to early

August. Due to poor infiltration, the rain water could not

sufficiently permeate the surface of the soil on the slope

and the mound sites; at the same time, the severe evapo-

ration of the pan water of this area, the soil moisture of the

upper layers was very low on the slopes and mound sites

compared with the depressions. The variation in micro-

topography results in a serious heterogeneity of the water

content within this field scale (all the CV values of upper

layer were more than 35 percent), especially in the depres-

sions attributed to the different size of these small catch-

ments. 

In this study site, three small catchment areas were spot-

ted. The larger one was waterlogged in the whole season of

rainfall, from June to early August, and continuous ponding

condition did not terminate until the ponding water evapo-

rated in September. For the other two smaller catchment

areas, less water gathered and the soil would be dried

immediately after the rain season.

Soil Salinity and Sodicity Properties 

under Particular Communities

Soil salinity and sodicity properties under various grass

communities are given in Fig. 3. There are significant differ-

ences in EC1:5 of the profiles among the five communities (F4,

32 = 14.586, P<0.001). The S. corniculata community was the

most severe in salinity, and the L. sibirica community was

the lightest. There was no significant difference between P.
australis-A. mongolica and P. australis communities in EC1:5

(F1, 10 = 0.39, P = 0.54). Salt accumulation could be found in

the subsoil layers of the profile under all five types of vege-

tation. Even for the poor covered vegetation of S. cornicula-
ta community, the average value of EC1:5 of 10-20 cm depth

was higher than upper layer of 0-10 cm depth (F1, 14 = 0.465,

P = 0.507): not significant, but a leaching process could be

considered somehow. A similar process also could be found

in the profiles under the other four communities (Fig. 1 a).

There are significant differences in pH values of the profiles

among the five communities (F4, 32 = 19.3794, P<0.001), and

all the pH values were high due to the high values of the ESP

and the predominant component of the anions of HCO3̄ in the

soil suspensions (Tables 1-7). Thus, the sodicification can be

considered for soils under all five communities. This is the

major cause of the harsh physical conditions for the rhizos-

phere, which results in poor hydraulic conductivity for the

soil water. Less water moves downward into the sublayers of
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the profiles, therefore the water content of the soil profile

varies in vertical direction, significantly. The water content is

mostly affected by the precipitation and evaporation in the

upper layers that the roots spread. There were no significant

differences in the deeper layers for water content among

these five vegetation situations. Both the P. australis and L.
sibirica communities situated in the depressions: however, P.
australis could dominate the ponding position well while L.
sibirica could not be found in this waterlogged condition.

The depressions dominated by P. australis gathered more

water and waterlogged in summer. Water ponding on the sur-

face of the soil would be exceeding saturation because of the

poor infiltration rate of the subsoil. As a result, the water con-

tent of this position is higher than the other four vegetation-

covered positions in dry autumn.

Discussion

The continuous variation of the salinity could induce

the abrupt alteration of the vegetation types. In this experi-

ment, the range of salinity varied from the slope to the

depressions continuously. The salinity of the upper layers

decreased from the higher positions to the depressions

gradually, and the most accumulation of salts for the upper

layers was under the vegetation of S. corniculata, which is

the higher position of the slope. The vegetation of P. tenui-
flora also situated on the slope, but lower than the S. cor-
niculata in position. There is a clear boundary between the

two, and the salinity of the root zone soil of these two com-

munities was significantly different.

Similar conclusions were common in the salt marshes,

caused by the tide rhythm and the distance between the loca-

tions of the communities and seashore reported by the for-

mer studies [23]. While for the inland grassland like where

we conducted this investigation, precipitation is the major

water resource, and rainwater could be considered the main

driving force to the movement of the salts in the upper lay-

ers. Due to the high percentage of exchangeable sodium, the

soil structure is severely unstable, resulting in a very low

final infiltration rate [24]. Once the surface of the soil was

crashed by the raindrops, the soils dispersed and clay parti-

cles and sands were detached, then the poor pores were

sealed immediately. Therefore the water cannot go any fur-

ther into the profiles of the soil, and resulted in water runoff. 

Even in summer rainfall is sufficient; the salts in the

upper layer of slopes could not receive a good leaching.

There is much runoff water running into the depressions,

bringing the salts from the surface of the slopes. The salts

accumulated in the upper layer of the soil. In this study,

severe variation of the salinity did not result in an alteration

of the vegetation. Soil in smaller depressions is in favorable

physical and chemical condition and rich biodiversity.

Conclusions

The variation of soil salinity and sodicity and its rela-

tionship with land microtopography and vegetation were

investigated in situ in west Jilin province, northeast China.

Salinity of the soil decreases by depth increment with Na+

as the dominant cation and HCO3̄ and the dominant anion.

With the correlation of ECa and EC1:5, ECa were used to

characterize the spatial distribution of soil salinity. Soil

salinity is in an order of slope > mound > depression. The

highest water content of the upper layer of the soil was in

the depressions, and it decreased with the increment of

micro-relieve. However, the water contents were not signif-

icantly different between the gradual slopes and the depres-

sions for the deeper layers of the profiles. Soil salinity and

sodicity properties vary with grass communities. Severe

salinity is found under the S. corniculata community, while

there is no significant difference under P. australis – A.
mongolica and the P. australis communities. 
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