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Abstract

Although Artemisia ordosica Krasch. and Sabina vulgaris Ant. are the dominant shrub species in the Mu-us desert
ecosystem, they differ in their botanical traits. We investigated the spatial patterns of soil properties using geostat-
istical analysis to examine the effect of plant species on these spatial patterns. Comparison among three microsite
types (under A. ordosica, under S. vulgaris, and the opening between vegetation) showed that A. ordosica generally
had less effect than S. vulgaris on local soil properties. The long life-span, prostrate life-form, and evergreen leaf-
habit of S. vulgaris may lead to a higher accumulation of organic and fine materials under S. vulgaris. The range of
spatial autocorrelation found in the mass of organic matter on the soil surface was smaller than that of the coverage
of S. vulgaris (11.5 m) which corresponded to the canopy patch size of this species, and was longer than the canopy
patch size of A. ordosica. The ranges of total C and N, and pH (11.7-15.6 m) were similar to that of S. vulgaris.
The range of available P (106.3 m) was comparable to that of the coverage of A. ordosica (86.2 m) considered to
be the scale of the distribution of this species. The ranges of silt+clay and exchangeable K, Ca, and Mg (31.0-46.7
m) were not related to plant presence, and were similar to that of topography (43.1 m).

Introduction their canopies and modify biogeochemical processes
(Burke, 1989; Burke et al., 1989; Schlesinger et al.,
1990). Thus, the presence and absence of plant cover

often present striking contrasts between microsites un-

Plant-induced heterogeneity in soil properties has been
recognized in many types of ecosystems (Boettcher

and Kalisz, 1990; Charley and West, 1975; Hirose
and Tateno, 1984; Matson, 1990; Schlesinger and Pil-
manis, 1998). Such heterogeneity may be particularly
important in dry ecosystems because the aboveground
plant cover is often discontinuous in these regions. In-
dividual plants concentrate biomass in soils beneath
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der shrub canopies and bare soil, called ‘islands of
fertility’, in arid and semiarid ecosystems (Hook et
al., 1991; Kelly and Burke, 1997; Schlesinger et al.,
1996; Vinton and Burke, 1995). Plant species forming
the aboveground vegetation cover are considered to
have differential effects on local soil properties, and
Chen and Stark (2000) examined them in an experi-
mental plot where sagebrush and crested wheatgrass
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had been planted. In naturally established stands of
vegetation, however, the importance of plant pres-
ence may overshadow that of plant species (Vinton and
Burke, 1995), as found in the results of pinyon-juniper
woodlands (Padien and Lajtha, 1992) and shortgrass
steppe (Vinton and Burke, 1995).

In the Mu-us desert ecosystem, two shrub species
dominate the vegetation, but they have many differ-
ences in traits (Kobayashi, 1990; Yamanaka et al.,
1998). Artemisia ordosica Krasch. is a deciduous half-
shrub and has a life-span of about 10 years, while
Sabina vulgaris Ant. is an evergreen coniferous shrub
having a prostrate life-form and life-span of more
than 50 years. These two species also develop canopy
patches in quite different sizes. The spatial scale and
magnitude of heterogeneity of soil properties associ-
ated with shrub islands depend on the spatial pattern
of plant biomass (Hook et al., 1991). The life-span
influences the spatial pattern of plant cover through
time directly, and the life-form of dominant species
is an important factor determining plant biomass (Vin-
ton and Burke, 1995). Thus, it is expected that these
striking differences in plant traits between A. ordosica
and S. vulgaris will affect the biogeochemistry under
their canopy including soil organic matter accumula-
tion, and hence the spatial patterns of soil properties.
The primary objectives of this study were to clarify
the spatial patterns of soil properties and to examine
the effect of shrub covers on these spatial patterns in
the Mu-us desert ecosystem.

In this study, we performed a geostatistical analysis
to evaluate the extent of the effect of the plant’s pres-
ence and of abiotic processes on the spatial patterns of
soil properties. Geostatistical analysis can also help us
to determine the effect of A. ordosica and S. vulgaris
on the spatial patterns of soil properties, because these
two dominant shrubs in Mu-us desert show contrast-
ing canopy patch sizes. Our hypotheses were that: (1)
the spatial patterns of soil properties would depend on
the scale of spatial autocorrelation determined by the
patch size of A. ordosica and that of S. vulgaris de-
pending on the relative influence of these two species,
especially for the properties closely related biological
processes (e.g., C and N contents), and (2) the dif-
ferent scale of autocorrelation may be seen for the
properties affected more by physical processes (e.g.,
soil movement) than biological processes.

Materials and methods

Study site

The study was conducted at the experimental site of
the Mu-us Shamo Desert Research Center (38°57'—
39°01’ N, 109°02'-109°17’E) in the Mu-us desert in
the southern part of the Ordos plateau, Inner Mongo-
lia, China. The elevation is about 1320 m. The mean
annual temperature and precipitation in this area are
6.5°C and 345 mm, respectively (Kobayashi et al.,
1995). Most of the precipitation falls as rain from
July to September. The soil is derived from Meso-
zoic sandstone. The vegetation is dominated by two
shrub species, Artemisia ordosica and Sabina vulgaris
(Kobayashi, 1990; Yamanaka et al., 1998). Artemisia
ordosica is a deciduous half-shrub and has a life-span
of about 10 years. The size of an individual is 0.5—
1 m in height and less than 2 m in canopy diameter.
The patch size of A. ordosica generally corresponds
with its individual size. In contrast, Sabina vulgaris is
an evergreen coniferous shrub having a prostrate life-
form, and a life-span of more than 50 years. The height
is usually less than 1.5 m, but S. vulgaris community
sometimes achieves a patch more than 15 m in canopy
diameter. The average above- and belowground bio-
mass of A. ordosica were about 260 and 200 g/mz, and
those of S. vulgaris were about 1600 and 2700 g/m?,
respectively (Yoshikawa and Li, 1989). Other com-
mon species include herbaceous species such as Poa
mongolica (Rendile) Keng, Asparagus dauricus Fisch.
ex Link, and Cynanchum komarovii Al. Iljinski. Plant
nomenclature follows the Commissione Redactorum
Florae Intramongolicae (1985, 1993, 1994).

A total of 201 sampling locations were established
at 1-m intervals along a 200-m line in the slope length.
The maximum difference in the height of the sampling
locations was 3.1 m and the topography was rather
gentle. The relative height of a sampling location
was calculated by assuming the height of the lowest
sampling location as zero. The census of vegetation
and the soil sampling were carried out in late August
1999.

The census of vegetation

Along the 200-m line, we established a total of 201
quadrats. Each quadrat was a 1 x 1-m square having the
center at each sampling location. The plant species and
their coverage (%) in each quadrat were investigated.



Sampling of organic matter on the soil surface and
soil

For each sampling location, we noted whether it was
under the canopy of vegetation or opening between
plants, and the plant species was also noted when it
was beneath vegetation. At each sampling location of
10x10 cm, organic matter on the soil surface was
sampled and soil was taken from a 0-5-cm depth by
a 100-ml soil core.

Laboratory analysis

Each sample of organic matter on the soil surface was
oven-dried at 105°C and weighed. Each air-dried soil
sample was sieved (<2 mm) and used for analyses of
silt+clay content, total C and N, pH (H,0), available
P, exchangeable cations (KT, Nat, Ca®*, and Mg?™).

The silt+clay content was measured by sieving
(0.02 mm mesh) after digestion of organic matter with
H;0;, (Gee and Bauder, 1986). The total C and N
concentrations were determined using a NC analyzer
(Sumika Chemical Analysis Service, NC-900, Osaka,
Japan). Soil pH was measured by a glass electrode in
a 1:2.5 soil-water suspension. For available P, a 2.5-g
subsample of soil was extracted with 50 ml of 0.5 M
NaHCOs3, adjusted to pH 8.5, and the concentration
of P in the extracts was determined colorimetrically
using a molybdate—ascorbic acid method (Olsen and
Sommers, 1982).

The exchangeable cations were extracted by shak-
ing a 4-g subsample of soil with 40 ml of 1 M
NH4C,H30; solution, adjusted to pH 7.0. The con-
centrations of K and Na™ in the extracts were de-
termined by flame emission, and the concentrations of
Ca’t and Mg?* in the extracts were determined by
atomic absorption on a atomic absorption spectropho-
tometer (Hitachi, 170-30S, Tokyo, Japan).

Statistical analysis

The difference of average vegetation coverage among
three height classes in the sampling location was de-
termined by the chi-square test (SPSS, 1999). The
multiple comparison of mean values among three mi-
crosite types (under the canopy of A. ordosica or
S. vulgaris, or the opening between vegetation) was
performed by the sequential Bonferroni test (Rice,
1989) after the determination of pairwise P values by
Mann—Whitney test (SPSS, 1999).

The patterns of spatial variations in the relative
height of the sampling location, the coverages of A.
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ordosica and S. vulgaris, and soil properties were
analyzed geostatistically (Goovaerts, 1998; Rossi et
al., 1992). To minimize the effect of extreme out-
liers and to approximate a normal distribution, the
data of the relative height of the sampling location
and soil properties except pH were adjusted using
a log,(x + 1) transformation, and those of vegeta-
tion coverages were adjusted using a arcsine trans-
formation. The calculation of semivariances from the
field data and the fitting of models to semivariograms
were performed using GS* (Robertson, 1998). The
semivariance, y (h), is calculated for each specific lag
distance h:

N(h)

_ N oy 2
y(h) = 2N 2 [z(x;) — z(x; + h)] (D

where N (h) is the number of pairs of points sep-
arated by distances h, z(x;) is the measured sample
value at point x;, and z(x; + h) is the sample value at
point x; 4+ h.

The semivariance data was fit to either spherical,
exponential, or linear functions depending on the bet-
ter reduced sum of squares. Since semivariograms
tended to become erratic at larger lag intervals, all
semivariograms but one were constructed using 1-m
lag intervals to a lag of 100 m (50% of the maximum
lag interval) to ensure the substantial sample pairs for
each lag interval. This resulted in a minimum of 101
pairs in the 99—100 m-interval and a maximum of 200
pairs in the smallest lag interval (0O—1 m). One ex-
ception to this was the coverage of S. vulgaris; the
semivariogram of this variate was fit to linear function
at this scale, but suggested a nested structure. There-
fore, separate variograms were fit over a lag of 75 and
100 m for the coverage of S. vulgaris. Model para-
meters were used to evaluate the magnitude of spatial
dependence and the scale of spatial autocorrelation for
each variate (Jackson and Caldwell, 1993; Robertson,
1987; Robertson et al., 1988). Nugget (Cp) is the vari-
ance that does not appear to be spatially dependent,
and is either a random error or represents spatial de-
pendence at scales smaller than the minimum distance
examined (Isaaks and Srivastava, 1989). The scale of
spatial autocorrelation is indicated by estimated spatial
autocorrelation ‘range’. The proportion of structural
variance (C) to the estimated total sample variation
(sill; C + Cop) was calculated for the evaluation of the
magnitude of spatial dependence.

Pearson’s correlation coefficient was calculated
between the relative height of a sampling location
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Figure 1. The coverages (%) of Artemisia ordosica (O), Sabina vulgaris (@), and other vegetation (x) at each sampling location.

Table 1. Average vegetation coverages of Artemisia or-
dosica and Sabina vulgaris in three height classes of the
sampling location

Relative height of the Vegetation coverage (%)

sampling location A. ordosica  S. vulgaris
(m) (P=0.373%)  (P=0.0127)
0-01 27.4 14.4
1-2 21.1 14.7
2< 19.0 29.3

The significance of the x 2 statistics conducted to com-
pare the coverage of A. ordosica (x3=2.0)or S. vulgaris
( X2=8A8), according to each height class. The X2 stat-
istics was calculated based on the expected 1:1:1 ratio
among three height classes.

and each soil property (SPSS, 1999). For correlation
analysis, each data except pH was adjusted using a
log.(x 4 1) transformation to approximate a normal
distribution, since they were not normally distributed
(x2 > 14.7 with 7 df P<0.05).

Results

Vegetation

The vegetation coverage in the study plot was 42.4%,
and the coverages of Artemisia ordosica and Sabina
vulgaris were 22.1 and 20.0%, respectively (Fig. 1).

The coverage of other plant species was only 0.3%
and all of them were herbaceous species. The veget-
ation cover was discontinuous and the canopy of an
individual of A. ordosica or a community patch of S.
vulgaris was isolated from the canopies of surrounding
A. ordosica or S. vulgaris. In our study plot, four entire
patches and a part of a patch of S. vulgaris community
was included. The coverage of A. ordosica was not
different at any height classes in the sampling location,
while that of S. vulgaris was high in the height class
of (>2 m) (Table 1).

Variations of soil properties

The measured soil properties varied markedly, and the
ranges were sometimes spanning an order of mag-
nitude or more (Table 2). Coefficient of variation (cv)
was the highest for the mass of organic matter on the
soil surface, and most properties showed cvs between
30 and 60%.

In the comparison of mean values among microsite
types, organic matter on the soil surface was greater in
samples taken under vegetations than in samples from
openings, and was greater under S. vulgaris than under
A. ordosica (Table 3). Total C and N, and C/N ratio
were greater under S. vulgaris than under A. ordosica
or openings. Silt+clay and exchangeable Na were also
greater under S. vulgaris than under A. ordosica, and
exchangeable Ca and Mg were lower under A. or-
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Table 2. The overall means and coefficient of variation [(SD-+mean)x 100%] of selected soil properties in the Mu-us desert eco-
system (n=203). Soil properties other than the mass of organic matter on the soil surface were measured for soils taken from 0-5
cm depth

Soil property Mean (min.—max.) CvV
Organic matter on the soil surface (g/100 cmz) 1.72 (0.00-17.1) 161
Silttclay (kg/mz) 5.86 (1.28-13.4) 46
Total C (g/mz) 546.2 (131.0-1627.5) 52
Total N (g/mz) 41.1 (9.83-114.6) 51
C/N ratio 13.4 (8.20-18.5) 11
pH (H,0) 8.61 (8.14-9.06) 2
Available P (g/mz) 0.41 (0.06-1.05) 56
Exchangeable K (g/m 9.77 (4.29-34.1) 38
Exchangeable Na (g/mz) 0.76 (0.24-4.12) 48
Exchangeable Ca (g/m 165.4 (59.9-236.6) 24
Exchangeable Mg (g/m 5.54 (1.98-9.91) 30

Table 3. Selected soil properties under shrubs (A. ordosica or S. vulgaris) and in openings in the Mu-us desert ecosystem.
Soil properties other than the mass of organic matter on the soil surface were measured for soils taken from 0-5 cm depth

Soil property Microsite type

A. ordosica (n=65) S. vulgaris (n=51) Opening (n=85)
Organic matter on the soil surface (g/100 cm?) 1.04 (0.14)4 421 (0.51)? 0.74 (0.22)¢
Silt+clay (kg/m?) 5.09 (0.27)¢ 6.05 (0.28)" 6.33 (0.35)40
Total C (g/m?) 486.0 (29.0)* 663.4 (42.0) 522.0 (32.2)¢
Total N (g/m?) 37.5(2.38)7 46.2 (2.52)0 40.7 (2.55)¢
C/N ratio 13.2 (0.15)¢ 142 (0.21)0 13.0 (0.16)*
pH (H,0) 8.61 (0.02)¢ 8.59 (0.02)¢ 8.62 (0.02)
Available P (g/m?) 0.50 (0.03)7 0.22 (0.01)® 0.45 (0.02)
Exchangeable K (g/m?) 10.2 (0.46) 9.02 (0.26) 9.88 (0.49)“
Exchangeable Na (g/m?) 0.70 (0.03) 0.80 (0.03)® 0.78 (0.05)2P
Exchangeable Ca (g/m?) 151.4 (4.40)* 182.0 (3.38)% 166.0 (5.06)°
Exchangeable Mg (g/m?) 4.98 (0.16)* 5.98 (0.18)" 5.70 (0.22)°

Means (standard errors). The values denoted by the same letter are not significantly different from each other among microsite
types at P<0.05 (the sequential Bonferroni test after pairwise Mann—Whitney test).

Table 4. Summary of variogram model parameters for the relative height of a sampling location and the coverage of vegetation in
the Mu-us desert ecosystem. All semivariograms but one were constructed using 1-m lag intervals to a maximum lag of 100 m

2

Variate Model r Nugget Sill Range C/(Cyo+C)
(Co) (Co+C) (m)
Relative height Spherical# 0.95 0 0.179 43.1 1.00
Coverage of A. ordosica Spherical# 0.92 0.035 0.085 86.2 0.59
Coverage of S. vulgaris Linear 0.73 0.081 - - -
Spherical* 0.37 0 0.139 115 1.00

#For h <range, y(h) = Co + (C — Cp) - {1.5 - (h/range) — 0.5 - (h/range)3}; h >range, y(h) = C.
TSemivariogram was constructed using 1 m lag intervals to a maximum lag of 75 m.
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Table 5. Summary of variogram model parameters for soil properties in the Mu-us desert ecosystem. All semivariograms were
constructed using 1 m lag intervals to a maximum lag of 100 m

2

Soil property Model r Nugget Sill Range C/(Cy+CO)
(Co) (Co+C) (m)

Organic matter on the soil surface Exponential 0.20 0.064 0.432 5.1 0.85
Silt+clay Spherical# 0.71 0.038 0.176 34.2 0.78
Total C ExponentialT 0.34 0.040 0.256 13.8 0.84
Total N Exponential 0.37 0.032 0.246 15.6 0.87
C/N ratio Linear 0.24 0.0101 - - -
pH (H,0) ExponentialT 0.56 0.005 0.021 11.7 0.76
Available P Spherical® 0.97 0.0056 0.043 106.3 0.87
Exchangeable K Spherical# 0.61 0.0541 0.1072 46.7 0.51
Exchangeable Na Linear 0.66 0.0221 - - -
Exchangeable Ca Spherical# 0.64 0.0308 0.0866 34.6 0.65
Exchangeable Mg Spherical# 0.71 0.0227 0.0774 31.0 0.71

Tyh) =Co+ (C — Cp) - 1 —e"9); range=3-(a).

#For h <range, y(h) = Cy + (C — Cq) - {1.5 - (h/range) — 0.5 - (h/range)3}; h >range, y(h) = C.

dosica than under S. vulgaris or openings. In contrast,
available P was lower under S. vulgaris than under
A. ordosica or openings. Soil pH and exchangeable
K showed no significant differences among microsite

types.

Geostatistics

All semivariogram models were significant at P<(.01
(r? > 0.61 and F>97 > 70.4 for spherical models;
r2 > 0.20 and F1,08 > 23.7 for exponential and lin-
ear models; r2 = 0.37, F>70 = 43.2 for spherical
model for the coverage of S. vulgaris over a range of
75 m). Semivariogram models showed a strong spatial
dependence among sampling locations for almost all
variates (Figs. 2 and 3). The proportion of structural
variance (C) to total estimated variance (sill; C + Cp)
was between 0.65 and 1.00 for variates other than C/N
ratio and exchangeable Na (Tables 4 and 5).

The range of spatial autocorrelation was within
43.1 m for the relative height of the sampling location,
within 86.2 m for the coverage of A. ordosica (Fig. 2
and Table 4). For the coverage of S. vulgaris, there
might be two scales of variation which were 0-75
and 75-100 m. The semivariogram over 75 m for this
variate suggested that 100% of the variation was spa-
tially dependent on this scale and the range of spatial
autocorrelation was within 11.5 m.

The range of spatial autocorrelation was within 5.1
m for the mass of organic matter on the soil surface,
and within 11.7-15.6 m for total C, total N, and pH
(Fig. 3 and Table 5). For silt+clay and exchangeable

cations except Na™, the range was within 31.0-46.7
m. Available P showed a much longer range than
other properties. Semivariograms for C/N ratio and
exchangeable Na were modeled as linear, but the nug-
get variance (Co) of these properties accounted for 75
and 66% of estimated semivariance at a maximum lag
distance, respectively.

Discussion

This study demonstrated that soil properties were spa-
tially variable and some soil physical and chemical
properties were different in soils beneath and between
shrubs in the Mu-us desert ecosystem (Tables 2 and
3). Such ‘islands of fertility’ in arid and semiarid re-
gions has been reported in many studies (Burke, 1989;
Burke et al., 1989; Hook et al., 1991; Schlesinger et
al., 1996). The possibility was suggested that the im-
portance of plant presence on local soil properties may
overshadow that of plant species in the naturally estab-
lished vegetation in these regions (Vinton and Burke,
1995). However, the striking differences of plant traits
between Artemisia ordosica and Sabina vulgaris al-
lowed us to detect the effect of plant species on the
local soil properties in the Mu-us desert ecosystem
(Table 3). Values of soil properties under A. ordosica
were always equal to or less than those in bare soils
between shrubs except the mass of organic matter on
the soil surface. Under S. vulgaris, soil properties, ex-
cept available P, were higher than or equal to those
in openings. These patterns were found not only for
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Figure 2. Semivariograms for the relative height of the sampling location and the coverages of Artemisia ordosica and Sabina vulgaris

the properties closely related to biological processes
(organic matter on the soil surface, total C and N,
and C/N ratio), but also in those relating to physical
processes (silt+clay) and nonlimiting or nonessential
elements (exchangeable Na, Ca, and Mg).

Spatially variable primary production and redistri-
bution of surface soil are considered to be two major
processes generating the heterogeneity of soil proper-
ties associated with plant cover in dry regions (Hook
et al., 1991). The spatial patterns of primary produc-
tion directly affect the spatial pattern of organic matter
through the input of litter. The patterns of plant pro-
duction also indirectly affect the patterns of limiting
nutrients through the transfer of nutrients from soil
around plants to soil under plants (Garner and Stein-
berger, 1989). Although there are no data available
that deal directly with plant primary production in the
Mu-us desert ecosystem, the average above- and be-
lowground biomass of A. ordosica were about 260
and 200 g/mz, and those of S. vulgaris were about
1600 and 2700 g/m?, respectively (Yoshikawa and Li,
1989). These large differences of above- and below-
ground biomass may indicate the greater primary and
litter productions of S. vulgaris than A. ordosica, and
may lead to a higher accumulation of organic matter
on the soil surface, total C and N, and the increase of
C/N ratio under S. vulgaris (Table 3). The redistribu-
tion process of surface soil on a local scale may also
contribute to the differences of soil properties between
A. ordosica and S. vulgaris, because the silt+clay was

higher under S. vulgaris than under A. ordosica (Table
3). The accumulation of fine materials under shrubs
may result from the capture of windblown materials by
the shrub canopy (Coppinger et al., 1991; Elkins et al.,
1986). In the Mu-us desert ecosystem, most precipita-
tion falls as rain in summer, and the snow cover in the
winter is occasional (Kobayashi et al., 1995). There-
fore, the prostrate life-form and evergreen leaf-habit
of S. vulgaris may prevent the soil movement under
its canopy through the year, and allow the accumu-
lation of fine materials and the stabilization of fallen
litter as compared with the non-prostrate life-form and
deciduous leaf-habit of A. ordosica. In contrast to
other properties, available P was low under S. vul-
garis (Table 3). This may also relate to the trait of
S. vulgaris, because evergreen species can keep the
growth-limiting nutrient in their biomass more effect-
ively than deciduous species (Aerts, 1990). The leaf
longevity of S. vulgaris was 3-4 years and the leaf
biomass of S. vulgaris was about four times greater
than the whole aboveground biomass of A. ordosica
(Yoshikawa and Li, 1989). Sabina vulgaris may main-
tain soil labile P in its evergreen leaves. In addition,
the long life-span of S. vulgaris means this species can
occupy a place for a longer time than the relatively
short-lived A. ordosica, and this may emphasize the
effect of S. vulgaris on the local soil properties.
Geostatistics allowed us to determine the mag-
nitude of spatial dependence and the scale of spatial
autocorrelation of the relative height of the sampling
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Figure 3. Semivariograms for the soil properties in the Mu-us desert ecosystem.

location, the coverage of each vegetation, and each
soil property (Figs. 2 and 3 and Tables 4 and 5).
Almost all variates showed a strong spatial depend-
ence on the scale examined, but semivariograms of
C/N ratio and exchangeable Na may indicate that the
dissimilarity of these properties did not depend upon
the distance among sampling locations. The range of
spatial autocorrelation found in the coverage of A. or-

dosica was much longer than its canopy patch size
(Table 4), although an individual of A. ordosica was
isolated from surrounding individuals. This might be
due to the coverage of A. ordosica for each sampling
location was the sum of the coverages of two indi-
viduals in many cases. The coverages of vegetations
in a 1 x 1-m square may not be suitable especially for
the detection of the canopy patch size of A. ordosica



Table 6. Correlations between the relative height of a
sampling location and each soil property (n=201)

Soil property Relative height
Organic matter on the soil surface ~ 0.025
Silt+clay —0.421%**
Total C —0.293***
Total N —0.323%**
C/N ratio 0.130
pH (H,0) 0.4047%*
Available P —0.4627**
Exchangeable K —0.425%**
Exchangeable Na —0.260***
Exchangeable Ca —0.154*
Exchangeable Mg —0.362***

*P<0.05; **P<0.01; ***P<0.001.

by the geostatistical analysis. The range for the cover-
age of A. ordosica may show the scale of the spatial
distribution of this species. In contrast, the range of
spatial autocorrelation for the coverage of S. vulgaris
almost corresponded to the patch size of a S. vulgaris
community.

Some of the soil properties showed different spatial
patterns as expected from the comparison of local soil
properties among three microsite types (Tables 3 and
5). This may be because the spatial patterns of soil
properties are affected not only by the presence and
absence of vegetation canopy, but also by the density
and the spatial distribution of vegetation (Imhoff et al.,
2000). Moreover, the relative importance of biological
and physical processes on the spatial patterns of soil
properties change depending on the properties (Garner
and Steinberger, 1989; Schlesinger et al., 1996), and
also on the scale examined (Burke, 1989; Imhoff et
al., 2000; Kelly and Burke, 1997; Schimel et al.,
1985; Vinton and Burke, 1995). Thus, the presence
and absence of the canopy of a vegetation patch (an
individual of A. ordosica or a community of S. vul-
garis) may not always be the most important factor
in determining the spatial pattern of a particular soil
property.

The range of spatial autocorrelation found in the
mass of organic matter on the soil surface was smal-
ler than that of the coverage of S. vulgaris, and was
intermediate distance of the canopy patch sizes of A.
ordosica and S. vulgaris (Tables 4 and 5). The ranges
of total C and N, and pH were comparable to that of
S. vulgaris. Therefore, the spatial patterns of these
properties may be associated with plant cover, espe-
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cially the cover by S. vulgaris. Although available
P was low under S. vulgaris (Table 3), the range of
this property did not correspond to that of S. vulgaris
(Tables 4 and 5). For the spatial pattern of available
P, the distribution of A. ordosica community may be
more effective than the heterogeneity induced by the
presence of the canopy patch of S. vulgaris, since the
ranges of both available P and the coverage of A. or-
dosica were very long. Other soil properties (silt+clay
and exchangeable cations except Na™) showed a range
distance of 31.0-46.7 m and these ranges were sim-
ilar to neither those of vegetation coverages nor the
canopy patch sizes of vegetations. However, the range
of these properties more or less corresponded to that
of the relative height of the sampling location. Cor-
relations between the relative height of a sampling
location and each soil property were significant for al-
most all properties (Table 6). The correlation between
the relative height and silt+clay indicated that slope
processes caused accumulation of fine material in lee-
ward and downslope positions as found in many other
ecosystems (Burke et al., 1989; Jenny, 1980), even
though the topography was rather gentle. Although to-
pography was the only physical parameter considered
in this study, topographic gradient is known as a prom-
inent physical factor which creates spatial patterns of
soil properties at landscape scale (Burke et al., 1989;
Schimel et al., 1985). On the spatial scale examined in
this study, these ‘base-line’ fluctuations of soil proper-
ties by the topographic gradient may be more effective
for the spatial patterns of silt+clay and exchange-
able cations (K+, Ca>* and Mg?") than plant-induced
heterogeneity in these properties.

Chen and Stark (2000) pointed out that it is not
clear if the nutrient cycle beneath the plant is differ-
ent because the plant is there, or if the plant is there
because the nutrient cycle is different in naturally es-
tablished stands of vegetation. If the latter were true, S.
vulgaris would be growing in the downslope positions
where the fine material was accumulated by the slope
processes (Table 6). However, both A. ordosica and S.
vulgaris grew in all height classes of the sampling loc-
ation and S. vulgaris flourished in the relatively higher
part of the study plot (Table 1). Therefore, we can
conclude with the plant species effects on the spatial
patterns of soil properties in the Mu-us desert eco-
system that (1) the presence of the canopy patches
of both A. ordosica and S. vulgaris is important for
the mass of organic matter on the soil surface, (2) the
presence of the canopy patch of S. vulgaris is more
effective than that of A. ordosica for total C and N,
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and pH, (3) the distribution of A. ordosica community
may be influential for available P, and (4) the physical
process according to topography may be more import-
ant for silt+clay and exchangeable K, Ca and Mg than
plant-induced heterogeneity in these properties.
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