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Research on the vertical differentiation of sierozem profile characteristics can provide a basis to 
implement soil resource assessment and develop sustainable land management system. In this study, 
189 sampling data from 50 sierozem profiles along Yili River-valley in northwest of China were chosen 
to analyze the vertical change of edaphic characteristics and soil ionic composition – including soil 
organic matter (SOM), pH value, electrical conductivity (EC), total salinity (TS), contents of CO3

2-
, HCO3

-
, 

Cl
-
, SO4

2-
, K

+
, Na

+
, Ca

2+
and Mg

2+ 
in soluble salt. Then sierozem characteristics in Yili-River valley were 

compared with those in central Asia, Ningxia and Gansu provinces to reveal the vertical change and 
regional difference. The results showed that vertical difference of sierozem profile characteristics in 
different regions had some common: SOM content decreased with soil depth, while pH value, EC, 
contents of TS and most ions increased with soil depth. But there was obvious regional difference in 
spatial variation and intensity of sierozem characteristics due to more arid climate in Yili-River valley. 
The results could be used for regional ecological construction and sustainable development. 
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INTRODUCTION 
 
Currently, there is a new concern about feeding the world 
(UN Millennium Project, 2005) and the land needed for 
energy and increased animal production (UNEP, 2007). It 
is necessary to design and study sustainable land 
management system (Smyth and Dumanski, 1995). 
Study of soil profile characteristics can provide a basis for 
implementing soil resource assessment and 
management. 

In arid or semiarid climate region, the natural 
environmental systems are very fragile and the 
ecosystems are in precarious  balance.  Land is  believed  

 

to be a non-renewable resource at a human time-scale 
and some adverse effects of degradative processes on 
land quality are irreversible, especially in fragile 
environmental system (Eswaran et al., 2001). Western 
China is a national ecological and environmental security 
barrier for its special geographical position and semi-arid 
/ arid climate. It is very important for realizing national 
ecological improvement and sustainable development to 
make western ecological construction. Studying vertical 
change of soil properties in Yili-River valley will provide 
the   basis   for   regional   ecological    construction    and  

*Corresponding author. E-mail: yangxh@lreis.ac.cn. Tel: +86-10-64888608.  

 

 

 



6510         Afr. J. Agric. Res. 
 
 
 
sustainable development. 

Studies on soil characteristics were mainly from  
descriptions of the typical soil profiles before 1990s 
(Xinjiang institute of comprehensive expedition and 
Institute of soil sciences, Chinese academy of sciences, 
1965; Wu and Quan, 1985). However, it was deficient to 
research regional soil profile groups comprehensively. In 
recent years, quantitative information on soil variability 
has become increasingly important for soil resource 
assessment and management. Much research has 
focused on spatial distribution and variation of soil 
elements with the development of geo-statistics and GIS 
technology (Yost et al., 1982a, b; Xu and Webster, 1983; 
Webster and Nortcliff, 1984; Tao, 1995a, b; Haefelel and 
Wopereis, 2005; Liao et al., 2008). However, these 
studies mainly focused on single soil characteristic, such 
as soil nutrient, salinity or heavy metals, while less 
research has been done to analyze soil comprehensive 
elements. Research focused much more on the 
horizontal distribution and variation of soil characteristics 
than on vertical variation of soil attributes (Acosta et al., 
2011; McBratney et al., 2000). Recently, although more 
studies have been done on soil distribution and spatial 
variation in Yili-River valley (AMAITT et al., 2006; Shi et 
al., 2009; Mamattuesun et al., 2010; Hamid et al., 2011; 
Zulpiya et al., 2011; Gulnar et al., 2011), it was scarce to 
study the soil comprehensive characteristics based on 
the whole soil profiles.  

Sierozem is the soil developed in the dry climate and 
desert steppe in warm temperate zone, which is ash 
brown, yellow brown or brown, has low humus and weak 
leaching (National soil census office, 1998). There is 
patch or pseudohyphae calcium carbonate deposition 
and strong lime reaction within full sierozem profile. Most 
sierozem distributed on hilly loess and high terraces of 
river, where the underground water level is generally 
deep. Most parent material of sierozem is loess, while 
less is the material from alluvial fan and proluvial. The 
vegetation dominated with perennial dryland grass, 
shrubs and artemisia.  

The distribution of sierozem is incontinuous in China, 
which can be divided into eastern part (including Gansu, 
Ningxia etc.) and western part (Yili-River valley). There is 
obvious difference in seasonal distribution of precipitation 
and composition of vegetation in two parts. The rainy 
season is from July to September in eastern part, while 
the rainfall is even, a little more in spring in western part. 
The dominant species are Stipa breviflora, Gobi Stipa, 
sandy Stipa, Peganum harmala and drought-tolerant 
Artemisia in eastern part, while Artemisia, Poa annua, 
Carex, Kochia scoparia and other ephemeral plants are 
the main species in western part. Sierozem in Yili-River 
valley is believed to be the extension of sierozem zone in 
central Asia. There are many common characteristics in 
soil formation between arid regions in northwest of China 
and central Asian countries. Study of soil profile 

characteristics in Yili will benefit academic exchange 
between  China  and  the  central   Asian   countries   and 

 
 
 
 
promote the development of soil sciencs.In this study, the 
sierozem profile characteristics were comprehensively 
analyzed and compared with those from central Asia, 
Ningxia and Gansu to express the common and 
difference of vertical change of sierozem profiles, based 
on field survey, sampling and testing on soil organic 
matter (SOM), pH value, electric conductivity (EC), total 
salt (TS) and 8 main ions.  

It is supposed that SOM content decreases with soil 
depth as usual; there is high pH value, EC, more soluble 
salt in deposition layer of sierozem profile due to the 
semi-arid/arid climate - strong transpiration, low rainfall 
and weak leaching in Yili-River valley; there is much 
difference in sierozem profile characteristics among 
different regions for that climate and vegetation are the 
two important factors in sierozem formation. 
 
 
MATERIALS AND METHODS 
 
Description of study area 
 
The study area is located in Yili-River valley, surrounded by 
Tianshan Mountains at east, south and north, west open to 
Kazakhstan. It has a temperate semiarid continental climate, and is 
dominated by westerly winds throughout the year. The winter 
climate is controlled mainly by the intensity and position of the 
Siberia high pressure cell, and is also influenced by the north 
branch of the westerlies; the summer climate is in part affected by 
the Indian low pressure cell, when the southern branch of the 
westerlies shifts northwards (Li, 1991). There is the most abundant 
rainfalls in Yili valley of Xinjiang, because it is open on the west to 
humid airflow. The study area lies in the second and third terrace 
and tilted plain, with elevation ranging from 600 to 1100 m. It has a 
low annual precipitation (230 to 350 mm) and an annual potential 
evapotranspiration, reaching 1200 to 1900 mm. The aridity index k1 
is between 2.5 to 4.2. The mean annual atmospheric temperature is 
7.9 to 9.2°C, with monthly averages ranging from a minimum of -
12.2°C in January to a maximum of 22.7°C in July. Natural 
vegetation is desert Artemisia grassland. There is always 1 to 3 cm 
yellow grey surface crust. The soil is mainly light-middle loam. The 
zonal soil of the study area is sierozem, which belongs to Aridisols 
(Order) – Warm Aridisols (Suborder) – Sierozem (Great Group) – 
Ordinary Sierozem (Subgroup) according to genetic soil 
classification of China (Fan and Cheng, 1986; National soil census 
office, 1998). The genetic soil classification was strongly based on 
the setting of the soil’s location (Scalenghe and Ferraris, 2009). 
Genetic soil classification of China (GSCC) differs sharply from 
WRB (IUSS Working Group WRB, 2006) in its underlying 
understanding about the genetic process. The Aridsols (order) - 
sierozem (Great group) in GSCC and the Cambisols in WRB 
reference soil group have a 44.2% maximum referencibility (Shi et 
al., 2010). 

 
 
Data sampling, testing and analytical methods 

 
From late June to early July in 2008, the working group made a 
field  survey  along  Yili-River  valley,  where  69  soil  profiles   were  

                                                           
1

rCk /)1016.0(   . Where ∑≥10°C: ≥10°C accumulated 

temperature; r: Rainfall during the same period. K: 2.0-4.0, arid; >4: hyper 
arid.  
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Figure 1. Position of Sierozem soil profiles in the study. 
 
 
 
investigated and sampled. The positions of soil profiles were 
determined by land cover, landform, groundwater and altitude. Most 
soil profiles lay uncultivated land. Soil samples were collected from 
middle of each soil physical layer. In this study, 50 sierozem soil 
profiles and 189 sampling data were used. Position of sierozem soil 
profiles was shown in Figure 1. 

The sampling data were tested in Xinjiang Institute of Ecology 
and Geography, Chinese Academy of Sciences. The following soil 
properties were measured: SOM, pH, EC and soluble salt content. 
SOM was analyzed using rapid dichromate oxidation techniques 
(Tiessen and Moir, 1993). Soil pH value was determined with pH 
electrode in the saturation paste, 1:5 soil: water mixture (pHS-2C, 
Shanghai, China). EC was measured by conductivity meter (DDS-
307, Shanghai, China). TS was determined by using the distillation 
residue method. CO3

2- and HCO3
- were measured by means of dual 

indicator- neutralization titration (Bao, 2000). Cl- was measured by 
using the AgNO3 titration (Davey and Bembrick, 1969); SO4

2– was 
measured by using the EDTA indirect titration. Na+ and K+ were 
measured with the flame spectrometry (Flame photometer 6410, 
Shanghai, China); Ca2+ and Mg2+ were measured by using the 
EDTA compleximetry (Working group on analytical chemistry in 
department of chemistry, Hangzhou University, 1997). Then sample 
data were analyzed to get the vertical distribution of soil elements 
using Matlab7.0 software programming (Figures 2 and 3). Data 
from each physical layers in soil profiles were identified in the 
middle of the layer.  

In order to get data in every 25 cm below the surface, soil sample 
data were recalculated by weighted average. Then mean and 
standard deviation was separately calculated using spss 16.0 
software in every 25 cm below the surface (Table 1). Statistical 
regression analysis was used to model the change of SOM content 
with soil depth using SPSS 16.0 software. Firstly, specified SOM 
content as dependent variable, soil depth as independent variable. 
Then take natural logarithm of dependent variable, and make linear 
regression using independent variable and natural logarithm of 

dependent variable. Finaly, calculate the dependent variable. 
Regional comparison of sierozem profile properties between Yili-
River valley and Central Asia, Gansu and Ningxia was used to learn 
the common and difference of vertical change of sierozem soil 
profiles. 

 
 
RESULTS 
 
Characteristic and vertical differentiation of SOM, pH 
value, EC and TS 
 
Topsoil SOM content, between 7.0 and 19.0 g kg

-1
, was 

low in sierozem soil profiles in Yili-River valley. SOM 
content decreased with soil depth in sierozem profiles 
(Figure 2 and Table 1). Averaged SOM content was 11.18 
g kg

-1
 at 0 to 25 cm depth, while 5.92 g kg

-1
 at 50 to 75 

cm depth, 3.64 g kg
-1

 at 100 to 125 cm depth. The 
distribution of SOM content with soil depth was simulated 
to exponential function,  
 

 
 
Where y was the SOM content (g kg

-1
); x was the soil 

depth (cm); r: Correlation coefficient.  
The quantity and vertical distribution of sierozem SOM 

content were tightly related to the remnant body of plant 
and decomposition, mineralization and leaching of 
humus. In the study  area,  zonal  vegetation  was  desert  

)
957.36

85.109
exp(




x
y       4696.02 r  
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Figure 2. Vertical distribution of SOM, pH value, EC and TS in Sierozem soil 
profiles in Yili-River valley. 

 
 
 

 
 

Figure 3. Vertical distribution of main cations and anions in Sierozem profiles in Yili. 
 
 
 

steppe, whose cover degree was about 20 to 35% (Wu 
and Quan, 1985). Main species were Stipa breviflora, 
Artemisia and Chenopodiaceae pod. The vegetation 
structure was simple and had low production. In arid 
climate, decomposition and leaching of humus was slow, 

which had low contribution on sierozem SOM content and 
made SOM mainly accumulate in surface soil. 

The pH value in Sierozem topsoil mainly ranged from 
7.8 to 8.7, which showed soil was alkaline in Yili-River 
valley. pH value  fluctuantly increased  with  soil  depth  in  
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Table 1. Statistics of soil characteristics every 25 cm depth in sierozem profiles in Yili-River valley. 
 

Soil depth (cm) SN 
SOM (g kg

-1
) pH EC (ms cm

-1
) TS (g kg

-1
) 

Mean St.Dev. Mean St.Dev. Mean St.Dev. Mean St.Dev. 

0-25 42 11.18 4.39 8.24 0.24 0.32 0.44 1.90 3.05 

25-50 28 8.07 3.69 8.36 0.23 0.70 0.81 4.02 5.20 

50-75 20 5.92 2.81 8.40 0.31 0.95 0.87 5.91 6.79 

75-100 16 4.82 2.98 8.29 0.37 1.02 0.79 6.69 7.23 

100-125 10 3.64 3.45 8.34 0.50 1.18 0.82 8.08 7.00 

          

Soil depth (cm) SN 
CO3

2- 
(g kg

-1
) HCO3

- 
(g kg

-1
) Cl

- 
(g kg

-1
) SO4

2- 
(g kg

-1
) 

Mean St.Dev. Mean St.Dev. Mean St.Dev. Mean St.Dev. 

0-25 42 0.00 0.01 0.31 0.05 0.16 0.32 0.79 1.94 

25-50 28 0.01 0.01 0.28 0.07 0.62 0.90 1.74 2.85 

50-75 20 0.01 0.01 0.26 0.10 0.75 0.95 2.89 3.88 

75-100 16 0.01 0.02 0.24 0.11 0.73 1.00 3.49 4.08 

100-125 10 0.01 0.02 0.23 0.14 0.83 1.26 4.29 3.80 

          

Soil depth (cm) SN 
Ca

2+ 
(g kg

-1
) Mg

2+ 
(g kg

-1
) Na

+ 
(g kg

-1
) K

+ 
(g kg

-1
) 

Mean St.Dev. Mean St.Dev. Mean St.Dev. Mean St.Dev. 

0-25 42 0.20 0.35 0.03 0.04 0.27 0.59 0.08 0.07 

25-50 28 0.30 0.48 0.08 0.11 0.81 1.15 0.06 0.08 

50-75 20 0.50 0.74 0.11 0.13 1.14 1.33 0.08 0.10 

75-100 16 0.66 0.87 0.15 0.15 1.17 1.32 0.06 0.07 

100-125 10 0.96 1.02 0.17 0.15 1.22 1.40 0.08 0.08 
 

SN, Sample number. 

 
 
 
sierozem profiles (Figure 2 and Table 1). pH values were 
discrete at the bottom of soil profiles, which showed 
much difference among parent materials beneath soil 
profiles. Soil pH value was related to soil parent material, 
bio-climate and agricultural activities (Xiong and Li, 
1987). Sierozem parent material was alkaline, which was 
composed of loess and loess-like material with high 
calcium. Calcium was usually leached to the lower layer 
slowly and deposited to calcium carbonate, which made 
pH value high in the deposition layer. Besides, there was 
weak humification in the surface soil, which could 
neutralize part alkalescence. So pH value increased with 
depth in sierozem profile and had a peak value in the 
deposition layer. 

Soil EC and TS are indicators of water-soluble salt 
content. Figure 2 showed that most sierozem soil profiles 
depth less than 60 cm had low EC and TS, which were 
respectively less than 0.2 ms cm

-1
 and 2.0 g kg

-1
. In 

general, EC and TS increased with soil depth in sierozem 
profiles (Table 1). The standard deviations of EC and TS 
were very high, which indicated that there was much 
difference among different soil profiles. Soil soluble salt 
content was related to the climate, groundwater level and 
composition, parent material, vegetation and human 
activities (National soil census office, 1998). In the study 
area, underground water level was low (Wu and Quan, 
1985), which had little effect on soil salt. In the parent 

material of sierozem soil, quartz and feldspar contents 
were more. But silicate and aluminum silicate were 
mostly insoluble. So soluble salt content was less and EC 
was low in the sierozem soil. Due to the arid climate, 
evaporation was much greater than precipitation. Soluble 
salt could partly leach in soil profile with low rainfall.  
 
 
Characteristic and vertical differentiation of main 
ions 
 
Among 4 anions, SO4

2- 
content was the most, while CO3

2-
 

content
 
was the least. Among 4 cations, Na

+
 content was 

the most, followed by Ca
2+

, K
+
 and Mg

2+
 contents were 

less (Table 1). So there were more SO4
2-

, Na
+
 and Ca

2+
 

contents in sierozem profiles in Yili-River valley. In four 
anions, only HCO3

- 
content decreased with soil depth, 

while other anions contents increased with soil depth. 
Averaged SO4

2-
 content was 0.79 g kg

-1
 at 0 to 25 

cm.depth, while 2.89 g kg
-1

 at 50 to 75 cm depth, 4.29 g 
kg

-1
 at 100 to 125 cm depth. Averaged Cl

-
 content was 

0.16 g kg
-1

 at 0 to 25 cm.depth, while 0.75 g kg
-1

 at 50 to 
75 cm depth, 0.83 g kg

-1
 at 100 to 125 cm depth. 

Averaged HCO3
-
 content was 0.31 g kg

-1
 at 0 to 

25cm.depth, while 0.26 g kg
-1

 at 50 to 75cm depth, 0.23 g 
kg

-1
 at 100 to 125cm depth.  

In sierozem profiles calcium carbonate lay  from  top  to  
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bottom. In the surface soil, there was more CO2 resulted 
from respiration of plant roots. Carbonate could be easily 
hydrolyzed to bicarbonate under the effect of humus. 
Thus, in the sierozem profiles, HCO3

-
 content was more 

in the surface soil, less and less with the profile down.  
In four cations, only K

+
 content fluctuates with soil 

depth, while other cations’ contents increased with soil 
depth. Averaged Na

+
 content was 0.27 g kg

-1
 at 0 to 25 

cm.depth, while 1.14 g kg
-1

 at 50 to 75 cm depth, 1.22 g 
kg

-1
 at 100 to 125 cm depth. Averaged Ca

2+
 content was 

0.20 g kg
-1

 at 0 to 25 cm.depth, while 0.50 g kg
-1

 at 50 to 
75 cm depth, 0.96 g kg

-1
 at 100 to 125 cm depth. 

 
 
DISCUSSION 
 
The result showed that our assumption was partly right. 
SOM content really decreased with soil depth as usual 
and there is high pH value in the deposition layer of 
sierozem profile. But EC, contents of TS and 8 ions was 
different from our assumption. Above analysis showed 
that other ions and TS’ contents and EC increased with 
soil depth, except HCO3

-
 and K

+
. 

 
 
Comparison of sierozem SOM in Yili-River valley and 
in other regions 
 
Sierozem in Yili-River valley is believed to be the 
extension of sierozem zone in central Asia. The climate in 
Yili-River valley is similar to the climate of northern 
Sierozem zone in central Asia. Annual temperature was 
8°C and annual rainfall was 150 to 400 mm in northern 
sierozem zone in central Asia (Luozan, 1958). Northern 
sierozem in central Asia was divided into light northern 
sierozem and ordinary northern sierozem by A.H. 
Luozan. Light northern sierozem was mainly located in 
the ground and Alluvial slope, where humus layer was 
thin (30 to 60 cm), humus content was 0.8 to 1.7%; 
ordinary northern sierozem mainly lay hillside, where 
humus layer was thick (50 to 80 cm), humus content was 
higher, about 1.5 to 3.0% (Luozan, 1958). Compared with 
them, the sierozem humus layer was thinner, only 8 to 
15cm in Yili-River valley (Xinjiang institute of 
comprehensive expedition and Institute of soil sciences, 
Chinese academy of sciences, 1965; Soil cencus office in 
Chabucha’er, 1984); SOM content was also less, only 
between 0.7 and 1.9% in the topsoil. This situation may 
be related to the arid climate in Yili-River valley. 

The sierozem humus layer was 20 to 40 cm and 
average SOM content was 0.89%, which ranged from 
0.45 to 1.33% in Ningxia hui autonomous region (Ningxia 
Institute of agriculture exploration and design, 1990). 
Meanwhile, the sierozem humus layer was 20 to 30 cm 
and averaged SOM content was 1.19%, which ranged 
from 0.64 to 1.74% in Gansu province (Gansu soil 
census   office,   1993).   According    to    our    research,  

 
 
 
 
averaged sierozem SOM content was 1.20% at 0 to 12 
cm depth in Yili-River valley. So the sierozem SOM 
content in Humus layer in Yili-River valley was close to 
that in Gansu province, a little more than that in Ningxia 
hui autonomous region. But the thickness of sierozem 
humus layer was thinner in Yili-River valley than that in 
Gansu and Ningxia. The differences were related to the 
different climate, vegetation composition and growing 
season in three places. Compared with typical Sierozem 
soil profiles in Lanzhou, Gansu and Yanchi, Ningxia, the 
Sierozem SOM content decreased faster with soil depth 
in Yili-River valley (Figure 4). The situation was related to 
both arid summer and light-might loam in Yili-River valley, 
which led to weak infiltration of humus. 

Above sierozem SOM characteristic showed that 
vegetation had a little contribution for soil SOM and the 
vegetation - soil system was not quite stable in Yili-River 
valley. The sierozem could only be moderately reclaimed, 
with the ecological protection in the area.  
 
 
Comparison of sierozem pH value, TS and 8 ions in 
Yili-River valley and in other regions 
 
In Gansu province, average soil pH value was 8.45 in the 
topsoil of sierozem (22 cm thickness), 8.5 in the middle of 
soil profiles (41.2 cm thickness), 8.61 at the bottom (50.1 
cm thickness) (Gansu soil census office., 1993). 
Meanwhile, averaged sierozem pH value was 8.24 at 0 to 
25 cm depth, while 8.40 at 50 to 75 cm depth, 8.34 at 100 
to 125 cm depth in Yili-River valley. Obviously, sierozem 
alkaline was stronger in Gansu than that in Yili-River 
valley. Both pH value increased with soil depth and had a 
peak value in the deposition layer. Figure 5 showed that 
sierozem pH value also increased with soil depth and had 
a peak value in the deposition layer in Yanchi, Ningxia. 

In Ningxia hui autonomous region, averaged sierozem 
TS was 0.04% in Humus layer, 0.13% in sabach, 0.07% 
in parent material horizon (Ningxia Institute of agriculture 
exploration and design, 1990). While averaged Sierozem 
TS was 0.19% at 0 to 25 cm depth, 0.59% at 50 to 75 cm 
depth, 0.81% at 100 to 125 cm depth in Yili-River valley. It 
was obvious that both sierozem TS contents increased 
with soil depth, but sierozem TS contents were many 
more in Yili-River valley than that in Ningxia. Figure 5 
showed that sierozem TS content also increased with soil 
depth in Lanzhou, Gansu province. Vertical differentiation 
of sierozem TS content was related to local arid climate. 
Soluble salt could partly leach in soil profile with low 
rainfall. TS contents’ characteristics showed that drainage 
system should be set up if the sierozem was reclaimed. 
Otherwise, second salinization of soil would easily 
appear. 

In the central profile about 75 cm, which was located 
transition of deposition layer and parent rock horizon, 
sierozem TS contents had an obvious peak in Lanzhou 
and Yili-River valley. The reason remain to further 
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Figure 4. Comparison of SOM contents in typical Sierozem soil profiles (Data in 
Yili-River valley was from the field survey; Data in Yanchi, Ningxia was from 
reference (Hu et al., 1991); Data in Lanzhou, Gansu was from reference (Xiong 
and Li, 1987). 

 
 
 

 
 

Figure 5. Comparison of Sierozem pH value, TS and 8 ions in Yili-River valley, Yanchi, Ningxia and Lanzhou, Gansu 
(Data in Yili-River valley was from the field survey; Data in Yanchi, Ningxia was from reference (Hu et al., 1991); Data 
in Lanzhou, Gansu was from reference (Xiong and Li, 1987). 
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research, which was perhaps related to the above CaCO3 

deposited (Ningxia Institute of agriculture exploration and 
design, 1990). Among the anions, sierozem CO3

2-
 content 

was the least in the three regions. Sierozem SO4
2- 

content was more in Yili-River valley and Lanzhou, 
Gansu. However, HCO3

-
 content was more in Yanchi, 

Ningxia (Figure 5). Among the cations, sierozem Na
+
+K

+
 

and Mg
2+

 contents were many more in Yili-River valley. 
While Ca

2+
 and Mg

2+
 contents were many more in 

Lanzhou, Gansu. The composition of the soil salt was 
related to that of parent material and water table 
fluctuations (Agriculture Bureau in xinjiang uygur 
autonomous region, 1996; Riha et al., 1986; Johnston et 
al., 2001). 

Figure 5 showed that sierozem HCO3
-
 content 

decreased with soil depth in Yili-River valley and 
Lanzhou, Gansu. However, sierozem HCO3

-
 content 

increased with soil depth in Yanchi, Ningxia. Sierozem 
SO4

2-
 and Cl

-
 contents increased with soil depth in Yili-

River valley, Yanchi and Lanzhou.  
Sierozem Ca

2+
 content increased with soil depth in Yili-

River valley and Lanzhou. However, sierozem Ca
2+

 
content decreased with soil depth in Yanchi. Sierozem 
Mg

2+
, Na

+
+K

+
 contents increased with soil depth in Yili-

River valley, Yanchi and Lanzhou. 
 
 
Conclusions 
 
Sierozem was a particular soil type which was formed 
between desert and grassland in arid region. Vertical 
difference of sierozem profile characteristics in China 
different regions had some common: SOM content 
decreased with soil depth, while pH value, EC, contents 
of TS and most ions increased with soil depth. But there 
was obvious regional difference in spatial variation and 
intensity of sierozem characteristics due to more arid 
climate in Yili-River valley. Above vertical change of 
sierozem properties could provide important theoretical 
basis for implementing regional ecological construction 
and sustainable development in Yili-River valley. 
 
 

ACKNOWLEDGEMENTS 
 
The authors wish to thank Yuancun Shen, Tao Liang and 
Hongyan Cai from IGSNRR, CAS for their fruitful 
discussions and comments. Also we would like to thank 
Hanqing Ma, Yang Yang and Ying Zhang from IGSNRR, 
CAS for their sampling of soil profiles.  
 
 
REFERENCES 
  
Acosta JA, Fazb A, Jansen B (2011). Martínez-Martínez S. Assessment 

of salinity status in intensively cultivated soils under semiarid climate, 
Murcia, SE Spain. J. Arid Environ. 75:1056-1066. 

Agriculture Bureau in xinjiang uygur autonomous region, Soil census 
office in Xinjiang uygur autonomous region (1996). Soil in Xinjiang. 
Science press: Beijing. (In Chinese),   pp. 168-169.  

 
 
 
 
AMAITT N, Xu H, Li J (2006). The Soil characteristic of the light 

Sierozem of the land of the forestry ecology in Yili river basin. Arid 
Land Geogr. (In Chinese) 29:867-871.  

Bao SD (2000). Soil chemical analysis of agriculture (Fourth Edition). 
Beijing: China Agriculture Press, (In Chinese), pp. 12–21. 

Davey BG, Bembrick MJ (1969). The potentiometric estimation of 
chloride in water extracts of soils. Soil Sci. Soc. Am. Proc. 33:385-
387. 

Eswaran H, Lal R, Reich PF (2001). Land degradation: an overview. In: 
Bridges, E.M., et al. (eds.) Responses to Land Degradation. Proc. 
2nd. International Conference on Land Degradation and 
Desertification, Khon Kaen, Thailand. Oxford Press, New Delhi, India. 

Fan ZL, Cheng XJ (1986). Land types and its reasonable use in Yili, 
Xinjiang. In: 1:1000000 land type map committee (Eds.), Land type in 
China. Science press: Beijing. (In Chinese), pp. 216-228.  

Gansu soil census office (1993). Soil in Gansu. Agriculture press: 
Beijing, pp. 150-157. (In Chinese) 

Gulnar T, Hamid Y, Mihrigul M (2011). Study on spatial variability and 
patterns of soil salinity in the Yili river valley. Agric. Res. Arid Areas, 
(In Chinese) 29:151-158. 

Haefelel SM, Wopereis MCS (2005). Spatial variability of indigenous 

supplies for N，P and K and its impact on fertilizer strategies for 

irrigated rice in West Africa．Plant Soil 270:57-72. 

Hamid Y, Mihrigul M, Gulnar T (2011). Spatial variability of soil salinity 
ions in the saline area of the Yili river basin. Agric. Res. Arid Areas. 
(In Chinese). 29:64-69. 

Hu SX., Shen YC., Liu ZC (1991). Relationship between characters of 
heilu soil and Sierozem and forestry – Yanchi county as an example. 
In: Wang Y.M., et al. (Eds.).Remote sensing application essays on 
renewable resources in Gan-Qing-Ning region of the “Three-North 
Shelter Forest Programme”. Science press: Beijing (In Chinese), pp.  
130-138.  

IUSS Working Group WRB (2006). World reference base for soil 
resources 2006. World Soil Resources Reports No. 103. FAO, Rome. 

Johnston CA, Bridgham SD, Schubauer-Berigan JP (2001). Nutrient 
dynamics in relation to geomorphology of riverine wetlands. Soil Sci. 
Soc. Am. J. 65(2):557-577. 

Li JF (1991). Climate in Xinjiang. China Meteorological Press, Beijing (in 
Chinese). 

Liao FQ, Zhou SL, Zhang HF (2008). Spatial distribution and changes of 
heavy metals of agricultural lands in typical pregrading coast in 
Dongtai city, Jiangsu province, China. Chin. Geogr. Sci. 18(3):276–
283.  

Luozan AH, (Wen ZW, Xu Q translated) (1958). Sierozem in central 
Asia. Science press: Beijing (In Chinese),  pp. 277-281.  

Mamattuesun E, Hamid Y, Anwar M (2010). Characteristics of soil 
salinity in Yili river valley, western Tianshan Mountains. Res. Environ. 
Sci. (In Chinese) 23:774-781. 

McBratney AB, Bishop TFA, Teliatnikov IS (2000). Two soil profile 
reconstruction techniques. Geoderma 97:209–221. 

National soil census office (1998). Soil in China; China agriculture 
press: Beijing. (In Chinese), pp. 56-434. 

Ningxia Institute of agriculture exploration and design (1990). Soil in 
Ningxia. Ningxia people press:  Yinchuan (In Chinese), pp. 99-102.  

Riha SJ, James BR, Senesac GP (1986). Spatial variability of soil pH 
and organic matter in forest plantations. Soil Sci. Soc. Am. J. 
50(5):1347-1352.  

Scalenghe R, Ferraris S (2009). The first forty years of a Technosol. 
Pedosphere 19(1):40–52. 

Shi RX, Yang XH, Wang LX (2009). Soil nutrient properties and land 
development in the new reclamation area of Yili, Xinjiang, China. 
Resour. Sci. (In Chinese), 31:2016-2023.  

Shi XZ, Yu DS, Xu SX, Warner ED. Wang HJ. Sun WX, Zhao YC, Gong 
ZT (2010). Cross-reference for relating Genetic Soil Classification of 
China with WRB at different scales. Geoderma 155:344–350.  

Smyth AJ, Dumanski J (1995). A framework for evaluating sustainable 
land management. Canadian J. Soil Sci. 75:401–406. 

Soil cencus office in Chabucha’er (1984). Soil census report in 
Chabucha’er, Yili. (In Chinese), pp. 35-52. 

Tao S (1995a). Kringing and mapping of copper, lead, and mercury 
contents in surface soil in Shenzhen area. Water Air Soil Poll. 83:161-
172. 



 
 
 
 
Tao S (1995b). Spatial structure of Copper, Lead and mercury contents 

in surface soil in Shenzhen area. Water Air Soil Poll. 82:583-591. 
Tiessen H, Moir JO (1993). Total and organic carbon. In: Carter, M.R. 

(Ed.), Soil Sampling and Methods of Analysis. Lewis Publishers, 
Boca Raton, FL, pp. 187–199. 

UN Millennium Project (2005). Halving hunger: it can be done. Task 
force on hunger. Earthscan, London. 

UNEP (2007). Global Environmental Outlook GEO4 — Environment for 
Development. United Nations Environment Programme, Nairobi. 

Webster R, Nortcliff S (1984). Nortcliff S. Improved estimation of 

micronutrients in hectare plots of the Sonning series．J. Soil Sci. 

35:667-672.  
Working group on analytical chemistry in department of chemistry, 

Hangzhou University (1997). The Handbook of Analytical Chemistry 
(2

nd
 edition), vol. 2, Chemical Industry Press, Beijing, (In Chinese), 

pp. 558-559.  
Wu R, Quan Z (1985). Soil in Yili region, Yili soil cencus office: Yili, 

Xinjiang (In Chinese), 5:118-139.  
Xinjiang institute of comprehensive expedition, Institute of soil sciences, 

Chinese academy of sciences (1965). Xinjiang soil geography. 
Science press: Beijing. (In Chinese), pp. 130-141. 

Xiong Y, Li Q (1987). Soil in China (2nd edtion); Science press: Beijing; 
(In Chinese) 2-11:143. 

 
 

 
 
 
 
 

Shi et al.           6517 
 
 
 
Xu J, Webster R (1983). Optimal estimation of soil survey data by 

geostatistical method – semivariogram and block kriging estimation of 
topsoil Nitrogen of Zhangwu county. Acta Pedologiga Sinica. (In 
Chinese) 20:419-430. 

Yost RS, Uehara G, Fox RL (1982a). Geostatistical analysis of soil 
chemical properties of large land areas: i. Semivariograms. Soil Sci. 
Soc. Am. J. 46:1028-1032. 

Yost RS, Uehara G., Fox RL (1982b). Geostatistical analysis of soil 
chemical properties of large land areas: ii. Kriging. Soil Sci. Soc. Am. 
J. 46:1033-1037. 

Zulpiya M, Haimiti Y, Mamattursun A (2011). The distribution of salinity 
of soil and groundwater in Yili river valley. Agric. Res. Arid Areas (In 
Chinese), pp.  29:58-63. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 


