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Abstract: The distribution of plant species and relationships between species and soil factors
in the east central part of Gurbantunggut Desert was studied to provide more insight into the
flora and determine differences in vegetation across various parts of the desert. Two-way
Cluster Analysis showed that the vegetation in the area could be divided into three groups,
the first group was dominated by the shrub species, Ephedra przewalskii and the grass spe-
cies, Carex physodes mainly in areas of flat grounds and gentle slopes; the second group
was dominated by C. physodes, Artemisia songorica and A. xerophytica mainly on the slope
of sand dunes and the third group was dominated by the shrub species, Haloxylon persicum
mainly on the top of sand dunes. There was no difference in plant density between Groups 1
and 2 but there was a significant decrease in Group 3. Soil water under vegetation Group 3
was much lower than that in the other two groups at all soil depths. The EC, organic matter,
total P and soluble Na, Ca and Mg varied very similarly with soil water. Canonical corre-
spondence analysis (CCA) satisfactorily assessed the species-soil relations in the area. The
distribution of plant species was strongly correlated with the soil factors of water content,
organic matter, EC and nutrients. The variations in species occurrence explained by the three
CCA axes were about 70%, indicating that some explanatory site variables may exist outside
our studied parameters. Soil texture is suggested to be included in future studies to improve
the explanation of CCA.
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1 Introduction

The third biggest desert in the world, Gurbantunggut Desert in Northwest China, has fixed
and semi-fixed sands and sand dunes. The stability of the desert resulted from combined
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environmental factors such as the large size of the sands, which requires stronger winds to
displace (Ji et al., 2000; Wang et al., 2005), accumulated snow and a frozen soil layer in
winter, which keep the sands from being blown out by the strong wind and supply sufficient
water for plant emergence and growth in the next spring (Qian et a/., 2002; Zhang and Chen,
2002; Wei et al., 2003; Fan et al., 2012). Also, the biological soil crust in the area enhances
the resistance of the sand surface to wind erosion and a favorable environment for seed ger-
mination and plant growth (Zhang et al., 2010). In addition, the well developed vegetation
(Ji et al., 2000; Wang et al., 2003; Wang et al., 2005; Fan et al., 2012), especially the rela-
tively high vegetation coverage during March—July which accounts for 55%—-80% of the
yearly wind (Ji et al., 2000; Wang et al., 2005) further stabilizes the desert sands. These re-
ports clearly showed the significance of vegetation for the stability of the desert.

The vegetation of Gurbantunggut Desert has been widely studied in recent 10 years with
respect to vegetation distribution and vegetation-environment relationships, vegetation pat-
terns and species-environment relationships (Qian et al., 2007; Qian and Wu, 2008; Song et
al., 2011; Fan et al., 2013; Zhang et al., 2013), relationships between vegetation pattern and
topography (Xie and Liu, 2010), response of herbaceous species to snow variability (Fan et
al., 2012), diversity of plant community (Zhao et al., 2010), plant diversity and spatial pat-
tern of dominant population (Zhang et al., 2003; Tang et al., 2010), soil chemical properties
supporting dominant species (Li et al., 2010; Li et al., 2011), environmental limitations on
the recruitment of the plant species (Zhang et al., 2011), response of ephermal plants to wa-
ter and heat (Wang et al., 2006; Chen et al., 2008) and grassland-environment relationship
(Xu, 1998). However, the areas investigated in previous studies were all within the southern
part of the desert which is close to the oasis zone where several millions of people reside.
Therefore, this part is frequently disturbed by human activities and grazing. In previous
studies, vegetation distribution and vegetation-environments relationships were discussed at
either a very large scale of several hundred kilometers (300-600 km), very small scale of
several hundred meters (60-200 m) or focused on specific species.

Gurbantunggut Desert covers an area of 4.88x10* km” with 444 km from west to east and
231 km from north to south (Wang, 2003). We located the present study at a medium scale of
about 10 kmx10 km in the central part of the eastern Gurbantunggut Desert. This area is
relatively far from the oasis zone and has been less studied or disturbed by human activities.
The distribution of plant species and relationships between species and soil factors of the
area were investigated to give more insight into the flora of the whole desert and to under-
stand the differences in species distribution in different parts of the desert.

2 Study area and methods
2.1 Location and description of study area

Gurbantunggut Desert is the main body of Junggar basin. The geographical and meteoro-
logical characteristics of the desert have been well summarized (Wang et al., 2005; Wang et
al., 2009; Song ef al., 2011). The desert is a transitional zone between the Central Asian de-
sert and Monggolian Gobi desert. A typical landscape of the desert is the north-south orien-
tated longitudinal dunes with a length ranging from a few hundred meters to more than 10
km and a height of 10-50 m. Interdune areas are usually flat and the mid-lower part of the
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dune has a gentle slope. The crest usually has a 10-40 m wide mobile belt. Vegetation is
typical of the desert flora of Central Asia. The vegetation and mobility of sand dunes has
historically been sensitive to local climate conditions (Wang, 2003). The distribution of
vegetation communities relates to the spatial variation of macro-ecoenvironment (local cli-
mate and landform) and the microhabitat heterogeneity of the sandy soils (soil nutrient,
moisture, salt and pH) has impact on the species composition and community structure
(Qian et al., 2004).

As shown in Figure 1, the study area (44°93'—45°00'N, 88°54'-88°70'E) was located in the
east central part of Gurbantunggut Desert. The study area belongs to Jimsar County of Xin-
jiang Uygur Autonomous Region of China. The climatic and meteorological conditions of
the area are similar with those of the whole desert, characterized by dry continental climate
with scanty precipitation, high potential evaporation, strong wind, wide temperature range,
short spring and autumn and long winter (Wang, 2003; Zhang et al., 2010; Song et al., 2011).
The average monthly precipitation and temperature of the study area are given in Figure 2.
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44°0'N 44°0'N
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Figure 1 Geographical location of Gurbantunggut Desert (area with grids) and study area (area within a circle).
(Source: Database of the Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agri-
cultural Sciences, 1999)
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Figure 2 Average monthly temperature and precipitation of Jimsar County (where the study area was located)
from 2001 to 2009
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2.2 Field sampling

Field sampling was conducted in July, a season when soil water is at average level for the
year (Zhu et al., 2008; Qian and Wu, 2010). A preliminary investigation on plant distribution
over the study area (about 8 km north-south and 12 km west-east) was firstly conducted. The
typical topographies in the study area are flat ground, gentle slope and large sand dunes.
According to vegetation-topography interaction (Qiu et al., 2013) and methods for vegeta-
tion evaluation (Qian et al., 2004; Ma et al., 2011), typical sites with representative vegeta-
tion of 4 terrains (flat ground, gently sloping area, middle part of the slope of a dune and top
of a dune) were selected. The location of the four sites were 44°95'N, 88°70'E; 44°93'N,
88°54'E; 45°00'N, 88°55'E; 44°93'N, 88°63'E, respectively. Five plots with 50 m interval in
a line were set in each site. Plots 1-5, 610, 11-15 and 16-20 were on the flat ground, gen-
tly sloping area, middle part of the slope of a dune and top of a dune, respectively. The size
of a plot was 5x5 m. Vegetation coverage of each plot was estimated by an expert. Plant
height and number of every species in each plot were recorded. Plant density of a plot was
calculated as the number of all plants divided by the area of a plot (25m?). Above-ground
biomass of all plants was harvested and weighed. The plants were oven dried at 80°C for 3
days and the dry weight and water content were determined. The averages of all species in
each plot were calculated.

Soil was sampled at depths of 0-5, 17.5-22.5 cm (hereafter as 20 cm) and 47.5-52.5 cm
(hereafter as 50 cm). The water content of each sample was measured using gravimetric
method. Soil samples were analyzed for total organic carbon by the wet digestion method
(Walkley and Black, 1934).Total nitrate was measured with an Autokjeldahl Unit (Buchi
K-370, BiichiLabortechnik AG, Switzerland).Total phosphate was measured with a spectro-
photometer (UV-2550, Shimadzu, Japan). Total potassium (K) and soluble sodium (Na), cal-
cium (Ca) and magnesium (Mg) were measured with an atomic absorption spectrophotome-
ter (PE 5100 PC, PerkinElmer Inc, USA) (Zhang et al., 2000). Soil electrical conductivity
(EC) was measured using a portable conductivity meter (Cole-Parmer Instrument Company,
USA).

2.3 Vegetation classification

Importance values (IV) were calculated for all species for each sampling plot as the sum of
relative height (% of height) + relative density (% of total individual number) + relative
biomass (% of total biomass) and then divided by three. Importance value, therefore, reflects
dominance in the plot. A previous study also showed that the IV is a reliable index for char-
acterizing the vegetation in Gurbantunggut Desert (Zhang et al., 2003). The IV data matrix
consisting of 20 sites and all species were classified by Two-way Cluster Analysis to deter-
mine the vegetation groups (McCune and Mefford, 1999).

Based on the classification, the vegetation coverage, plant density and water content of
plants in each vegetation group were summarized. They were calculated as the averages of
all plots in each vegetation group.

2.4 Canonical correspondence analysis

The species-soil relationship of multi-species communities can be analyzed by the methods
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of constrained ordination, i.e. canonical correspondence analysis (CCA) (Hyvonen et al.,
2005). All data variables were assessed for normality (ter Braak, 1986) prior to the CCA
analysis, and arc-sin transformation was used on the soil water data (Abd el-Ghani and Amer,
2003). Eighteen soil variables, including soil water content, EC, total N, total P, total K and
organic matter in each soil layer, were used. The PC-ORD 5.0 (McCune and Mefford, 1999)
was used for classification and ordination analysis.

2.5 Species diversity index

Species diversity index was calculated using species number data (McCune and Mefford,
1999) to understand species diversity in different vegetation groups. Richness (S), Evenness
(E), Shannon diversity (H') and Simpson's index (D) were calculated.

3 Results

3.1 Classification

Two-way Cluster Analysis indicated that the vegetation of the study area could be divided
into 3 groups (Figure 3). The first group (Group 1) was dominated by the shrub species,
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Figure 3 Dendrogram derived from Two-way Cluster Analysis of the vegetation data collected at Gurbantunggut De-
sert; pl-p20 represents plot numbers. The abbreviations for key species are: Eph prz (Ephedra przewalskii), Art son
(Artemisia songorica), Art xer (Artemisia xerophytica), Car phy (Carex physodes), Hal per (Haloxylon persicum). Data
in black grids are importance value of a species in a plot
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Ephedra przewalskii and the grass species, Carex physodes mainly in areas of flat grounds
and gentle slopes. The second group (Group 2) was dominated by C. physodes, Artemisia
songorica and A. xerophytica mainly on the slope of sand dunes. The third group (Group 3)
was dominated by the shrub species, Haloxylon persicum mainly on the top of sand dunes.

3.2 Species diversity

Vegetation coverage decreased significantly in the order of Groups 1—2—3. i.e. from flat
ground to the top of dune (Table 1). The plant density, however, showed no significant dif-
ference between Group 1 and 2 but there was a significant decrease in Group 3. The plant
water contents were about 40% and there was no significant difference among vegetation
groups. Species richness showed the same tendency as plant density. There was little differ-
ence in other diversity indexes among the three groups. Generally, diversity indexes and
species richness seemed low in Gurbantonggut Desert compared with non-desert areas.

Table 1 Summary of vegetation coverage, plant density, plant water contents and species diversity index in the
east central part of Gurbantunggut Desert. Values in column with different letters are significantly different at
p<0.05. S, E, H” and D represents richness, Shannon index, evenness and Simpson’s index of diversity, respec-
tively.

Vegetation Coverage Density Plant water

group (%) (number m™) content (%) § £ " b
Group 1 24° 29° 40 5.3 0.38 0.64 0.37
Group 2 16° 23 41 6.2° 0.43 0.75 0.36
Group 3 10° 3 44 3 0.57 0.67 0.38

Means in the same column followed by different letters differ significantly according to Duncan’s multiple range test.
3.3 Soil condition

Soil conditions were summarized based on the vegetation group classified by Two-way
Cluster Analysis. Soil water contents in all vegetation groups were very low, especially in
the surface soil (Table 2). In general, the deeper the soil, the higher the water content was.
Table 2 Soil parameters of the three vegetation groups in the east central part of Gurbantunggut Desert at sur-

face, 20 and 50 cm soil depth. Data are means. Different letters within 3 vegetation groups at each depth for each
parameter show significant difference at p<0.05

Surface 20 cm 50 cm
Vegetation group Vegetation group Vegetation group
1 2 3 1 2 3 1 2 3
Soil water (%) 0.152*  0.186"  0.042° 0.353* 0.450° 0.108° 0.456® 0.664*° 0.256"
EC (mS cm™) 0.050  0.051°  0.028°  0.047°  0.044" 0.022° 0.058" 0.065" 0.022°
Organic matter (mg kg’) ~ 1960°  1820° 600° 1240°  1120®  800° 1110°  1020° 660°
N (mg kg™) 128° 80° 17° 91° 44° g° 84" 34° 4°
P (mg kg™) 340° 372° 188° 265° 322° 186° 283° 312° 186°
K (mg kg™) 14180° 13880  14100°  14470° 14040° 14420 14240° 14320° 14660°
Na (mg kg™) 30 35° 22° 45° 39° 21° 56 81 19°
Ca (mg kg™) 44 43* 22° 51° 48* 18° 47 41° 21°
Mg (mg kg™) 10° 7 3 10° 10° 1* 8 7 2°

For each vegetation group, means in the same row followed by different letters differ significantly according to Dun-
can’s multiple range test.



AN Ping et al.: Distribution of plant species and species-soil relationship in the east central Gurbantunggut Desert 107

Soil water under vegetation Group 3 was significantly lower than that in other two vegeta-
tion groups at all soil depths, while Groups 1 and 2 had no significant difference. The EC,
organic matter, total P and soluble Na, Ca, Mg varied very similarly with soil water content
among the three groups. Total K had very close values across vegetation groups and soil

depth. The most remarkable soil factor was total N, which decreased sharply from surface to
deeper soil layers in each vegetation group. It significantly decreased in the order of Group

1—2—3 in surface soil.

3.4 Ordination

The first three axes accounted for about 70% of the variation in soil factor data (Table 3),
suggesting that these axes were the most important determinants of the variation in this area.

The factors that highly correlated
with axis 1 were total P, organic
matter and total N in the surface
soil, and soil electrical conductivity
at the 20 cm depth. The main cor-
relates of axis 2 were soil water at
the 50 cm depth and total P at the
20 cm depth (Table 4). Figure 4
shows that vegetation Group 1, at
the bottom right, had strong posi-
tive correlations with the factors
that also positively correlated with
axis 1 and soil electrical conductiv-
ity in the surface and 50 cm layers.
Surface soil water content also af-
fected the distribution of the plants.
Conversely, on the left side, vege-
tation Group 3 was negatively cor-
related with these factors. At the
upper right, vegetation Group 2
correlated positively with axis 2,
soil water in the 50 cm and total P
in the 20 cm depths. Also, this
group positively correlated with
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Figure 4 Canonical correspondence analysis (CCA) plots ordina-
tion of the plots in Gurbantunggut Desert, China. The vectors rep-
resent environmental variables. The length of the vector is propor-
tional to its importance and the angle between a vector and each
axis is related to its correlation with the axis. Variables with a cor-
relation coefficient higher than 0.45 are presented. Other abbrevia-
tions are as defined in Table 4.

soil factors of axis 1 but at a weaker scale than Group 1.

Table 3 Summary statistics of the three canonical correspondence analysis (CCA) ordinations in the east central

part of Gurbantunggut Desert

Axis 1 Axis 2 Axis 3

Eigenvalues 0.744 0.478 0.254
Variance explained (%) 34.7 22.3 11.9
Cumulative explained (%) 34.7 57 68.9
Pearson correlation 0.997 0.998 0.963
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Table 4 Canonical coefficients and inter-set correlations of environmental variables with the first three axes of
Canonical correspondence analysis (CCA) for the data set from Gurbantunggut Desert. The abbreviations are SW:
soil water, EC: electrical conductivity, Org: organic matter, —S: 0—5 cm soil, —20: 20 cm soil depth, —50: 50 cm
soil depth.

Canonical coefficients Inter-set correlations
Variable
Axis 1 Axis 2 Axis 3 Axis 1 Axis 2 Axis 3
SW-S 1.689 1.451 —0.266 0.7 0.218 —0.199
SW-20 —0.085 —0.067 0.057 0.574 0.296 —0.178
SW-50 —-1.034 —0.346 —0.014 0.487 0.556 0.005
EC-S —0.857 —0.48 0.164 0.684 0.002 —0.388
EC-20 —0.58 0.267 -1.507 0.816 —0.062 —-0.19
EC-50 0.391 0.219 —0.451 0.699 0.214 —0.03
Org-S 1.111 0.937 —0.563 0.806 —0.148 —0.234
Org-20 —-1.039 —0.631 0.165 0.496 —0.235 —0.253
Org-50 0.186 0.331 —0.557 0.593 —0.165 —0.076
N-S 0.692 —0.383 0.329 0.793 —0.383 —0.262
N-20 0.143 —0.327 0.422 0.616 —0.395 —0.189
N-50 0.665 0.363 0.354 0.609 —0.449 —0.105
P-S —-0.901 -1.656 2.251 0.841 0.245 0.053
P-20 2.611 2213 0.022 0.476 0.536 —-0.113
P-50 -2.112 -1.801 —-0.751 0.458 0.397 —0.033
K-S -1.615 -1.019 —0.676 0.043 —0.463 —-0.401
K-20 0.67 0.058 0.683 0.05 —-0.46 —0.243
K-50 0.283 0.065 -0.31 0.015 —-0.333 —0.097

4 Discussion

All 16 plants found in the study area belong to xerophytes, which are typical desert species
(Figure 3). Vegetation classification indicated three plant communities in the study area. The
total number of species and communities found in our study area were less than those in the
whole southern part (Zhao et al., 2010; Song et al., 2011). This was because the sizes of the
areas investigated were different. However, these numbers were also much less (1/4 to 1/3)
than those for similar or even smaller areas in the southern part of the desert at similar lon-
gitudes (Zhang et al., 2003; Tang et al., 2010).This result indicates a decrease in species
richness from the southern border to the east central part of the desert. The same tendency
was also reported for a small distance of 10 km within the southern border of the desert
(Tang et al., 2010). Besides, vegetation coverage in our study area was lower than that in the
border of the desert (Song et al., 2011). The dominant plan species found in this study were
all different from those in the southern border at similar longitude (Zhang et al., 2003; Tang
et al., 2010), which implies that vegetation distinctly changes from border to the center of
the desert.

In this study, dominant plant communities were different at different terrains (flat ground
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with gentle slope, slope, top of dune) indicating that topography affects the composition of
plant communities. This may be because the environments (soil water, soil nutrients, soil
texture, wind speed, etc.) of different terrains were different (Tang et al., 2010) and also be-
cause different plants have different niche requirements. From the aspect of plant growth in
general, the top of the dune had the worst soil conditions among all terrains (Table 2). The
sole significant difference between steep slope and ground with gentle slopes was the
amount of soil nitrogen (Table 2). This result showed the significance of soil nitrogen in the
establishment of plant communities in this area.

Soil conditions of the studied area were very dry, very poor in nutrients, organic matter
and soluble salts (Table 2), showing typical desert features. It has been reported that many
places in the southern part of the desert are with high salinity (Xu, 1998; Qian and Wu,
2010), but there was no soil salinization in our study area. The non-saline soil in this study
area may be due to its relatively far distance from the oasis compared with other studies. The
higher amount of organic matter, nitrogen and phosphate in surface than deeper layers in flat
ground with gentle slope and slope may be ascribed to the crust formed on the surface of the
soil (Zhang et al., 2010). Another reason may be the processes of mineral materials, organic
matter and other nutrients moving from top down to the ground through wind erosion (Li et
al., 2008). However, nutrient contents at different depths were similar at the top of the dune
(Table 2). This may be due to severe sand mobilization on the top of the dune (Wang et al.,
2005), which makes the formation of the crust difficult. The lowest value of almost all soil
factors on the top of the dune may also be attributed to the severe sand mobilization, which
reduced water and nutrient deposition. The significant differences in soil factors between top
of the dune and lower part of dune (ground with gentle slope) in this study are consistent
with previous reports on the southern part of the desert (Li ef al., 2010).

The CCA satisfactorily assessed the species-soil relations in the studied area (Tables 3 and
4, Figure 4). The distribution of plant species was strongly correlated with soil factors of
water content, organic matter, EC and nutrients. Differences in properties of surface soil and
EC across layers induced a separation of plant communities, Groups 1 and 3. The dominant
plants of Group 1 were Ephedra przenalskii and Carex physodes (Figures 3 and 4). E.
przenalskii is a shrub with well-developed root system (Liu, 1985). It is usually a dominant
species in areas with relatively better water condition (Liu, 1985). These characteristics pos-
sibly contributed to its dominance in flat ground and gentle slope (Figure 3) where water
contents were relatively high (Qian and Wu, 2010). One of the main widely distributed spe-
cies in the southern part of the desert is E. distachya, which belongs to the same genus as E.
przenalskii. However, this species was not found in our study area. There is little report ex-
plaining the different distribution area of these two similar species in the same desert.

Another dominant species of Group 1 was Carex physodes, a herbaceous plant with
creeping roots developed in the shallow layer of the soil (Liu, 1985; Wang et al., 2006). This
plant is very sensitive to water condition and its presence is positively correlated with water
content in the soil (Wang et al., 2006; Chen et al., 2008). The dominance of this species in
flat ground and gentle slope may be attributed to the above characteristics because the soil
condition in the flat with gentle slope matches its characteristics (Table 2 and Figure 4). This
species is also widely distributed in the southern part of the desert, indicating its wide
adaptability.
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The dominant plant in Group 3 was Haloxylan persicum. This plant is a shrub or small
arbor with well-developed root system distributed widely and deeply (Jia and Lu, 2005). It
has very high water use efficiency (165.6 g) and high resistance to wind and sand strike.
Sand burial, conversely, enhances its growth (Jia and Lu, 2005). The adaptation of this plant
to the most severe environment, the top of dune in the desert, may attribute to its above
eco-physiological characteristics. Species of H. ammodendron, which belongs to the same
genus as H. persicum, is a dominant species in the southern part of the desert. The most im-
portant soil factor for the different distribution area of these two species may be soil salinity
(Jia and Lu, 2005). The salinization in the southern part of the desert may result in the ab-
sence of H. persicum since it is very sensitive to salinity (Jia and Lu, 2005).

The similarity in soil condition between dune slope and flat ground with gentle slope may
be one of the reasons for the dominance of Carex physodesin also in dune slope (Table 2,
Figures 3 and 4). This also indicates its high adaptability. Two other dominant species of
dune slope were of the Artermisia genus. Plants of Artermisia genus showed increased
growth and density in arid sandy desert with an increase in soil phosphorus (Zhao et al.,
2012). Our study also showed a positive correlation of A. songorica and A. xerophytica with
soil phosphorus in the 20cm depth (axis 2, Figure 4). Among the three terrains, total soil
phosphorus was the highest in the dune slope (Table 2), which may also contribute to the
dominance of Artermisia species in the dune slope.

The variation in the species explained by the three CCA axes was about 70% for the area
(Table 3), indicating that some explanatory site variables may exist outside our studied pa-
rameters. Among soil factors, soil texture affects the distribution of plant species by influ-
encing moisture availability, aeration and distribution of plant roots (El-Sheikh and Yousef,
1981). The mobilization and accumulation of sands in the desert may result in different soil
texture in different terrains. Therefore, soil texture is expected to improve the explanation of
CCA axes and is thus recommend to be considered in similar studies in future.

5 Conclusions

(1) Plant species in the east central part of Gurbantunggut Desert are of typical desert
vegetation. Three plant communities were found in the area. Total number of plant species
decreased by about 70% from the southern border to the center of the desert in the eastern
part and the dominate plants were all different with those in the southern part.

(2) Soil conditions of the studied area showed typical desert features. Soil nitrogen sig-
nificantly affects the establishment of plant communities. The distribution of plant species
was strongly correlated with the soil factors of water content (0.70), organic matter (0.81),
EC (0.82), N (0.79) and P (0.84).

(3) The dominant plant species in flat ground with gentle slopes were Ephedra przenalskii
and Carex physodes; those in the slope of a dune were C. physodes, Atermisia songorica and
A. xerophytica, those on the top of the dune were Haloxylan persicum. The
eco-physiological characteristics of these plant species were consistent with their environ-
ments.

(4) The CCA explained the species-soil relations by about 70% in the studied area. Soil
texture is suggested to be included in the CCA in similar studies in future.
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