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Abstract The Oasis-desert ecotone plays an important
role in ensuring oasis ecological security. This study was to
determine the main factors on the changes of desert vege-
tation in the oasis-desert ecotone, and to understand the
mechanisms of the long-term changes. During past
50 years, the dominant plant species of Tamarix-vegetation
in the Mingin oasis-desert ecotone changed from meso-
phytes to xerophytes and finally to super-xerophytes. The
vegetative distribution area (belt width of Tamarix-vege-
tation between desert and oasis) markedly decreased from
1,000 m past to 30 m current. The coverage of Tamarix
bushes reduced from 25 to 7%. The importance value (IV)
of the bushes fell from 0.957 to 0.752, and Simpson index
decreased from 0.702 in 1959-0.589 in 1992, and then
increased to 0.712 in 2002. These changes in vegetation
were closely related with the rapid decrease of groundwater
table and the reduction of soil moisture due to unsustainable
use of water resources for expanded agriculture develop-
ment. These findings suggested that the change of Tamarix-
vegetation in the oasis-desert ecotone was a process of
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vegetation degradation and concurrent desertification. The
maintaining of stable groundwater and Tamarix-vegetation
is a vital prerequisite for dryland management, especially,
conserving ecological health of oasis-desert systems.
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Introduction

Land degradation is a process of reducing potential land
productivity and biodiversity, which leads to serious geo-
logical disasters and prevent the ecological sustainability
(Khresat et al. 1998; Feng et al. 2005). For its serious and
widespread impact on the environment, land degradation
has been one of the most serious environmental and eco-
logical problems in the world (Al-Dousari et al. 2000;
Wesselsa et al. 2007). Most significant forms of land
degradation are soil erosion, deterioration of vegetation,
soil compaction and sealing, water logging and salinization
(Stocking 2004). Desertification is the most typical and
serious type of land degradation in arid areas (Lin and Tang
2002; Chen and Duan 2008). Vegetation degradation is a
major contributory factor to desertification particularly
with regard to soil erosion and loss of soil organic matter
(Ma et al. 2007; Hanafi and Jauffret 2008).

The oasis-desert ecotone, as an early indicator of eco-
logical response to environmental changes, is an interactive
area between desert and oasis ecosystems (Di-Castri et al.
1988; Attrill and Rundle 2002; Su et al. 2007; Wang et al.
2007). It plays an important role in ensuring oasis eco-
logical security and maintaining oasis internal stabilization
(Li et al. 2007a; Su et al. 2007). However, the oasis-desert
ecotone is more sensitive for disturbance than its adjacent
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ecosystems (Wang and Zhao 2001; Su et al. 2007). When it
is disturbed during exploration or utilization, the ecotone
has a potential trend to evolve into the desertified land or
shifting sand dunes (Di-Castri et al. 1988; Ding and Zhang
2006). Undoubtedly, desert vegetation in the oasis-desert
ecotone plays an important role in preventing desertifica-
tion and maintaining oases stabilization (Zhao et al. 2008).
However, little researches have been done on the mecha-
nisms for the vegetation changes of oasis-desert ecotone. It
is considered that long-term study on the oasis-desert
ecotone is an essential approach to understand the changes
of desert vegetation, and to provide the base for policy-
making on dryland management.

The Mingin Oasis, located between Badain Jaran Desert
and Tengger Desert, plays indispensable role in preventing
the two deserts approaching each other. The oasis-desert
ecotone around Minqgin Oasis serves as an ecological pro-
tection belt to control shifting sand dunes and protect the
Mingin Oasis from damage by moving sands. As a typical
oasis-desert ecotone in northwest of China, with limited
water resources, the ecotone has become a seriously
degraded ecological region. Tamarix-vegetation, with area
of 6857.3 ha in 2000, was major natural vegetation in
Mingin (Liu et al. 2006). In recent decades, about two-
thirds of Tamarix-vegetation in the oasis-desert ecotone
seriously degraded (Yang 1999; Gao et al. 2006), which led
Mingin region to become one of the areas with the most
serious blown sands and one of the sources of sand-dust
storms in China (Peng et al. 2004; Zhang et al. 2004).
Therefore, the conservation and restoration of Tamarix-
vegetation in the Minqgin Oasis-desert ecotone is crucial to
the ecological security and desertification prevention of
Mingin Oasis. The objectives of this study are: (1) to
examine the mechanisms of changes of Tamarix-vegetation
in the oasis-desert ecotone in the lower reaches of Shiyang
River during past 50 years, (2) to analyze driving factors on
the changes of Tamarix-vegetation, and (3) to provide
theoretical basis for the protection and rehabilitation of
Tamarix-vegetation in arid areas and management of
dryland.

Materials and methods
Study area

The study was conducted in the northern transitional zones
of the Mingin Oasis, located at the southeast periphery of
the Badain Jaran Desert and in the lower reaches of the
Shiyang River (from 38°20" to 39°10'N and from 102°45’
to 103°55'E) with an average elevation of 1,367 m. The
Mingin Oasis, with an area of approximate 2,381 kmz,
occupies 7% of total area of Mingin County. The Oasis is
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divided into Baqu (in the upper reaches), Quanshanqu (in
the middle reaches) and Huqu (in the lower reaches) based
on their geographic position, water resources and agricul-
tural practices (Sun et al. 2005; Gao et al. 2006) (Fig. 1).
According to local meteorological records for period
between 1954 and 2006 (ESM Figure 1), the mean annual
precipitation is 115.8 mm, the mean potential annual
evaporation is 2,644 mm, and 24 times of the precipitation.
The precipitation in 1959, 1992 and 2002 were 38.6, 116.0
and 174.4 mm respectively at site I in the Mingin
Oasis-desert ecotone. The mean annual temperature of the
Oasis is 7.4°C with maximum of 40°C and minimum of
—28.8°C. The prevailing wind comes from northwest with
an annual mean velocity of 2.5 m/s (Han and wang 2002).
The mean number of days with gales is 26.3, with dust and
sandstorm is 25, with blowing sands is 37.5 and that with
floating dust is 29.7. The main soil types are chestnut soil,
brown soil and aeolian sandy soil (Feng et al. 1989).
Natural vegetation type is desert vegetation. In the oasis-
desert ecotone, there are natural and artificial vegetation.
The shrub Nitraria tangutorum, Tamarix ramosissima,
Calligonum mongolicum are the dominant plant species of
natural vegetation, whereas Haloxylon ammodendron
dominate the artificial vegetation. In desert area, there was

ﬁo Kilometers

Experiment Sites
SiteI  Shajingzi
SiteII Liujiadi
Site I Xinxi
Mountain
Desert
Oasis
Reservoir

RN

Shiyang River

Fig. 1 Location of Minqgin County with oasis, desert and experimen-
tal sites



Environ Earth Sci (2009) 59:765-774

767

Table 1 Experimental sites and their natural conditions

Experimental sites Region Location Landform Groundwater table
(m, 2002)

Site I Shajingzi Baqu in the upper reaches N102°58'26" E38°35'24" Fixed sand dunes 18.65

Site 11 Liujiadi Quanshanqu in the middle reaches N103°20'47" E38°56'24" Fixed sand dunes 19.36

Site 11T Xinxi Huqu in the lower reaches N103°34'45" E39°01'30" Semi-fixed sand dunes 11.32

only natural vegetation dominated by N. tangutorum,
Ephedra przewalskii, Caragana Korshinskii and Agrio-
phyllum squarrosum. The Oasis, with the Populus farmland
shelterbelt, is an important area for grain and fruit
production.

Vegetation survey

Long-term observation for Tamarix-vegetation was car-
ried out at Minqgin Integrated Experimental Station of
Desertification Control, which was established in 1959 at
Site 1. Sampling quadrates of Tamarix-vegetation were
selected. Species composition, number of plant species,
plant height, canopy ranges and coverage of vegetation
were annually observed and recorded. Three years (1959,
1992 and 2002), representing the developmental stages,
were selected to analyze temporal changes in both species
composition and biomass of Tamarix-vegetation.

A line-transect method was used to survey Tamarix-
vegetation at three sites [Shajingzi in Baqu (site 1), Liujiadi
in Quanshanqu (site II) and Xinxi in Huqu (site III)]
(Fig. 1; Table 1). In each sampling site, two perpendicular
lines at length of 200 m were randomly selected (Ringvall
et al. 2000). For each line-transect, species number,
abundance, height, canopy range, and shrub coverage,
grass coverage and overall coverage were recorded.

Importance value of species (IV) were calculated with
the equation (/V = relative height 4 relative coverage); the
Simpson index [S=1 — ZP,Z where P; is the relative
importance value (IV) of species i] was used to measure
plant species diversity (Li et al. 2005).

At site I, at the peripheral zone of farmland, two sam-
pling strips that were 20 and 35 m in length respectively
were selected. The strips were perpendicular to the farm-
land. Along the 20 m-long sampling strip, 15 quadrates
with sizes of 1 x 1 m at 0, 5, 10, 15 and 20 m away from
the farmland were selected to measure the coverage, fresh
and dry biomass of Tamarix bushes. Along the 35 m-long
sampling line, 12 quadrates with sizes of 0.5 x 0.5 m at 8,
12, 16 and 35 m away from the farmland were selected to
measure the height, base diameter, bushes coverage and
biomass of 1-year-old Tamarix shoots following a clear-cut
treatment. A trench was dug at base of the accumulated

sand mounds at 35 m away from the farmland. The width
and depth of the trench were 50 cm and 50 cm, respec-
tively. The Tamarix bush mounds were irrigated twice a
year, and the trench was buried with dry sands after irri-
gation to prevent evaporation.

Soil moisture measurement

Soil samples with three replications were taken manually
using a core sampler at the windward slope of Tamarix
sand mound at depth of 20, 40, 60, 80 and 100 cm. The soil
moisture contents were tested using oven-dry method in the
laboratory at 105°C for 24 h. Measurements of the soil
sample weight before and after drying gave soil moisture
contents in gravimetrical terms (Li et al. 2007b).

Starting from May 2003, three sets of neutron moisture
gauge were set along a line perpendicular to the farmland
at site I. Each set consists of four tubes, 5 m apart from one
another. The tubes were buried to a depth of 1 m in the
farmland and 2 m in Tamarix-vegetation. The tubes were
set in the soil every other 20 cm a layer. The soil moisture
contents were measured using a neutron moisture probe.
The probe was calibrated with a regression equation
obtained from a regression between soil moisture contents
measured by oven-dry method against data from the neu-
tron moisture probe. Thus, the soil moisture contents
measured by the neutron moisture probe were in gravi-
metrical terms.

Groundwater table monitoring

Well point method was used to monitor groundwater table
(Alva and Paramasivam 1998). In each of the site I, site II
and site III, 3-5 irrigation wells were sampled in 1961,
1995 and 1980, respectively. An electronic indicator meter
was installed in each well to monitor the groundwater table
monthly.

Statistical analysis
Windows-based SPSS 11th edition software (SPSS, Chi-

cago, USA) was used for the analysis of variance
(ANOVA). Descriptive statistics were used to calculate
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averages and standard deviations of the data from each set
of reduplicates. Duncan’s test at P < 0.05 was used for
significant tests.

Results

The changes of Tamarix-vegetation in the Mingin
Oasis-desert ecotone during past 50 years

During past 50 years, the general variations of Tamarix-
vegetation at site I were changes in species composition,
decrease of height, biomass, coverage and IV of the
Tamarix bushes (Table 2). However, Simpson index of
Tamarix-vegetation decreased at beginning, and then
increased. Especially during recent 10 years, the changes
of the Tamarix-vegetation became more intensive, with
10.3% reduction of Tamarix coverage and 11.9% of the
overall coverage. The vegetative distribution area (belt
width of Tamarix-vegetation between desert and oasis)
at site I markedly reduced to about 30 m in 2002
from 1,000 m in 1990s. The number of species of annual
plants significantly increased in the Tamarix-vegetation
(Table 2).

In 1959, the dominant plant species of Tamarix-vege-
tation in the Mingin Oasis-desert ecotone were
T. ramosissima, Karelinia caspia, Elaeagnus angustifolia
and Populus euphratica, which were replaced by
T. ramosissim and Reaumuria songarica in 1970s, and
then replaced by 7. ramosissim, N. tangutorum and

H. ammodentron (artificial) in 1980s, and finally replaced
by N. tangutorum and H. ammodentron (artificial) gradu-
ally since the end of 1990s. In conclusion, dominant
species in the composition of Tamarix-vegetation changed
from mesophytes to xerophytes and finally to super-xero-
phytes, which was a vegetation degradation process with
expansion of desertification.

Spatial distribution of Tamarix-vegetation
in the Mingin Oasis-desert ecotone

Tamarix-vegetation of site I had the lowest height, canopy
range, coverage of Tamarix bushes, the overall coverage of
the vegetation and number of species, and the highest death
rate. Mesophytes such as Karelinia caspia and Kalidium
foliatum disappeared (Table 3). Tamarix-vegetation was in
its final stage of the succession in the Mingin Oasis-desert
ecotone. For site III, Tamarix-vegetation belt remained
little disturbed and therefore the belt had the largest width.
There was no sign that the vegetation belt degraded so far.
The Tamarix bushes had the highest height, and individual
and overall coverage. The number of species of Tamarix-
vegetation was the highest. The belt, therefore, had the best
function of desertification combating. At site II, all of the
observed data of Tamarix bushes and vegetation fall in
between the above-mentioned two types, with a large area
of dead Tamarix bushes. The changes of Tamarix-vegeta-
tion in the Mingin Oasis-desert ecotone had a gradient
along the river from southwest to northwest (from the
upper reaches to the lower reaches of the river). Although

Table 2 Structural changes of Tamarix-vegetation at site I in the Minqin Oasis-desert ecotone during past 50 years

Species Mean height (cm, mean = SD) Species coverage (%, mean £ SD)

1959 1992 2002 1959 1992 2002
Tamarix ramosissima 200 £ 13.0a 168 = 11.3b  152.5 £ 16.8b 25 £+ 4.03a 17.3 £ 2.59b 7+ 147¢
Nitraria tangutorum 30 £ 1.8a 18 £ 1.7a 22 £ 2.1a 0.5 £ 0.22¢ 3 +£0.72b 7.9 + 1.58a
Kalidium foliatum 30+ 34 - - 20 + 391 - -
Glycyrrhiza uralensis 30 £ 2.1 - - 10 + 1.52 - -
Karelinia caspia 30 + 4.6 - - 2 4+043 - -
Phragmites australis 20 + 3.6 - - 0.3 + 0.08 - -
Sonchus oleraceus 10£ 1.2 - - 0.1 +£0.02 - -
Limonium aureum 30 £ 3.3a - 20 £ 3.4a 0.1 £0.01a - 0.1 &£ 0.02a
Reaumria songorica - 21 £25 - - 0.5 £0.11 -
Agriophyllum squarrosum - 12+ 13 - - 0.3 + 0.04
Bassia dasyphylla - 8§+ 2.1 - - 0.4 + 0.06
Halogeton arachnoideus - 2 4+ 0.7b 8+ 19a - 0.1 + 0.02a 0.3 + 0.03a
Haloxylon ammodendron - 265 £ 75.9a 175 £ 53.2b - 11 + 1.6a 34+ 1.1b
Overall coverage (%, mean £ SD) 58 + 10.27a 319 + 7.13b 19.0 &+ 3.42¢
IV of Tamarix (mean £ SD) 0.957 £ 0.13a  0.897 £ 0.11a  0.752 £ 0.18b
Simpson index (mean £ SD) 0.702 £ 0.16a  0.589 £ 0.13b  0.712 £ 0.21a

Values with different letters are significantly different among the selected years at P < 0.05 level
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Table 3 Structures of Tamarix-vegetation at three sites in the Mingin Oasis-desert ecotone
Species Mean height (cm, mean + SD) Species coverage (%, mean + SD)

Shajingzi Liujiadi Xinxi Shajingzi Liujiadi Xinxi
Tamarix ramosissima 152.5 + 16.8b 138 £ 7.7¢ 182.5 &+ 11.3a 7 £ 147¢ 9.95 £ 0.80b 194 £ 2.30a
Nitraria tangutorum 22 + 2.1b 26.5 + 3.3b 62.7 £ 7.4a 7.9 £ 1.58a 0.75 £0.12b  7.98 £ 1.14a
Bassia dasyphylla 8 £ 2.1b 25 £209a 30 £ 4.1a 0.4 £ 0.04b 359 £0.87a 0.76 &+ 0.16b
Halogeton arachnoideus 8 £ 1.9 20.5 + 3.8a 30 + 3.1a 0.3 = 0.03b 6.01 + 1.5a 0.74 £ 0.09b
Limonium aureum 20 £ 3.4a - 16.5 + 3.6a 0.1 &£ 0.02a - 0.56 £ 0.12b
Agriophyllum squarrosum 12 £ 1.3b - 30.5 £ 5.1a 0.3 &+ 0.04b - 4.13 £ 1.53a
Haloxylon ammodendron 175 £ 53.2a - 220 + 43.4a 30+ 1.1a - 1.5 £ 0.23b
Karelina caspia - - 46 £ 6.2 - - 2.35 + 0.39
Calligonum mongolicum - 40 £ 4.7 - - 0.25 + 0.07 -
Reaumuria songoria - 285 £22 - - 11.38 + 1.89 -
Phragmites communis - - 26 £ 1.9 - - 0.07 + 0.01
Sophora alopecuroides - - 183 £ 2.6 - - 0.7 £ 0.01
Salsola ruthenica - - 22 £ 3.6 - - 0.67 £ 0.13
Artemisia spp. - 29 £54 - - 0.14 £ 0.02 -
Overall coverage (%, mean £ SD) 19.0 £ 3.42¢ 32.1 £3.65b 39.7 £ 3.11a
1V of Tamarix spp. (mean £ SD) 0.957 £ 0.13a 0.759 &£ 0.16b  0.766 £ 0.10b
Simpson index (mean £ SD) 0.702 £ 0.16a  0.770 £ 0.19a  0.785 &+ 0.12a

Values with different letters are significantly different among the selected sites at P < 0.05 level

there were no significant differences in Simpson index, the
structure of Tamarix-vegetation changed from complex to
simple and the degradation from serious to slight from the
upper reaches to the lower reaches of the river. The
ANOVA results showed that there were significant differ-
ences in the height, death rate, coverage and /V among the
three sites except canopy range of Tamarix bushes
(Table 3).

Spatial distribution of Tamarix-vegetation
around famland

At site I where the surface of sand dunes was completely
stabilized, the minimum width of Tamarix-vegetation belt
was only 30 m, whereas the maximum width of Tamarix-
vegetation belt was 75 m in the area where surface of sand
dunes was semi-stabilized. There was a distribution gra-
dient of Tamarix-vegetation along the distance away from
the farmland: the longer the distance from the farmland, the
lower the Tamarix bushes, the smaller the fresh shoot
growth, the higher the death rate, and the lower the biomass
of dry branches and leaves as well as the overall biomass
were. ANOVA results showed that, in the transitional area,
there were significant differences in the bush height, twig
growth, branch death rate, bush coverage and biomass
among the sites with different distances away from farm-
land (Fig. 2).

Results of a clear-cut treatment conducted at 8, 12 and
16 m away from farmland showed the length of fresh

shoots, base diameter, bush coverage and fresh biomass
decreased with the increase of the distance to the farmland
in the following year. Results showed that there were sig-
nificant differences in the height, base diameter, bush
coverage and fresh biomass of Tamarix bushes among
different distances away from farmland (Fig. 3). However,
at the site 35 m away from the farmland with irrigation
twice a year, the mean length of the fresh shoots and the
base diameter were bigger than that of 8-m site away from
the farmland. However, the bush coverage and biomass
were lower than that of 8-m site, but higher than that of 16-
m site. There were significant differences between 35-m
site and 8, 12 and 16-m sites (Fig. 3). In the oasis-desert
ecotone, the treatment of clear-cut and irrigation had sig-
nificantly increased the shoot length, coverage and
biomass.

Driving factors for changes of Tamarix-vegetation
in the Minqgin Oasis—desert ecotone

Precipitation

According to the meteorological data for the period from
1954 to 2006, observed at a local station, precipitation
fluctuated with time, and the annual mean precipitation is
only 115.8 mm. The rainfall mainly concentrated in the
period from June to September. The number of days in
which daily precipitation was more than or equal to
0.1 mm was 36. The length of successive rainy period
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Fig. 2 Spatial distribution of
Tamarix bushes along the
distance away from farmland at
site I. a Height, b twig growth, ¢
death rate of branches, d bush
coverage, e dry biomass of
branches, f dry biomass of
leaves (mean & SD values with
different letters are significantly
different among the selected
places away from farmland at
P < 0.05 level)

Fig. 3 Growth of Tamarix
bushes along the distance away
from farmland at site I after
clear-cut in the previous year. a
Height, b base diameter, ¢ bush
coverage, d fresh biomass
(mean + SD values with
different letters are significantly
different among the selected
places away from farmland at
P < 0.05 level)
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was usually less than 2 days. The analog curve of pre-
cipitation showed that the spell of successive drought or

wet was short,

and the precipitation displayed an

increasing trend (ESM Figure 2). The coverage of
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Distance from farmland edge (m)

Tamarix bushes, appeared to be linearly correlated with the
annual precipitation (R2 = 0.7303, P < 0.05), decreased

with the reduction

of annual precipitation (Fig. 4).

According to these results, it could deduce that the changes
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Fig. 4 Relationship between coverage of Tamarix bushes and the
precipitation at site I
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Fig. 5 Relationship between coverage of Tamarix bushes and the
groundwater table at site [

of Tamarix-vegetation in the Minqgin Oasis-desert ecotone
was not drove by precipitation.

Groundwater table

During past 50 years, the groundwater table widely and
continually fell in the Minqin Oasis-desert transitional area.
With the decrease of the groundwater table, the coverage of
Tamarix bushes reduced continually (R2 = 0.9255,
P < 0.001), especially when the groundwater table reached
14 m from 10 m (Fig. 5). At site I, the Tamarix grew
vigorously when the water table was 2.2 m in early 1960s.
The vegetation had degraded since around 1979 and widely
died since 1990. Tamarix-vegetation continued to degrade
until the water table dropped to 18 m in 2002, which had
no more effects on the growth of Tamarix (ESM Figure 3).
The consumption of the groundwater resources at site II

was not as intensive as site I. However, the overuse of
groundwater resources in the upper reaches reduced the
recharged amount to site II, which led to a similar drop of
groundwater table as site I. Consequently, Tamarix-vege-
tation also underwent a similar degradation process, the
only difference was that the wither bushes was protected
and not taken away. The groundwater table at site III
dropped to below 10 m by the year of 2000, Tamarix-
vegetation also started to degrade, and would also showed
similar tendency as site I after 18 years according to the
dropping rate of the groundwater table which was 0.37 m
per year in recent years. The dropping of the groundwater
table is expected to be a leading factor causing changes of
Tamarix-vegetation.

Soil moisture content

For each of the three sites, the mean soil moisture contents
at depth of 0-100 cm were lower than that of the shifting
sand dunes 2.49 + 0.37%. The mean soil moisture con-
tents at depth of 0-100 cm in the stabilized Tamarix-
vegetation, at the location 30 m away from the farmland at
site I and site II, were 0.89 £ 0.16% and 0.90 £ 0.15%,
respectively. These soil moisture contents were lower than
wilting coefficient of Tamarix ramosissima 1.003%. The
soil moisture content at site III was 1.25 + 0.34%, closing
to but higher than the wilting coefficient, which is an
essential reason why Tamarix-vegetation in this site grew
relatively well (Fig. 6). Soil moisture content became a
leading factor that affected the growth of Tamarix when the
groundwater table dropped to the threshold value about
10 m.

At site I, the mean soil moisture contents at the depth of
20-180 cm at the locations 0, 5 and 15 m away from farm-
land, were 7.64 £+ 1.13, 1.23 £ 0.20 and 1.17 + 0.07%

3.5 | —@—Site | —O— Site [ —&— Site IIl
4 —/— Shifting sand dune

3.0 -
§ h - I\T
§ 2.0 L
° i
5 15 1
.é 15 ) I /
33) 1.0 __ >§<§

0.5 4

00 I L] I L) I T I L}
20 40 60 80 100
Soil depth (cm)

Fig. 6 Soil moisture contents of Tamarix-vegetation and shifting
sand dune at three sites (mean + SD)

@ Springer



772

Environ Earth Sci (2009) 59:765-774

16 o

—=— Om

14 H
12 o

Soil moisture content (%)
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Soil depth (cm)

Fig. 7 Soil moisture contents along distance away from farmland
(mean + SD)

respectively. The results indicated that the soil moisture
contents decreased with the increase of distance to the
farmland. At depth about 140 cm at the location 0 m away
from farmland, the soil moisture contents decreased because
the soil turned from clay soil to sand-clay soil (Fig. 7). It
implied that the seepage water from irrigation was important
for the growth of the remaining Tamarix in the fringe zone of
farmland.

Discussions

Species in Tamarix genus are distributed widely in the
oasis-desert ecotone in arid area, and plays an important
role in maintaining sandune stabilization and ensuring
oasis ecological security (Liu 1987; Bikbulatova and Ko-
rulkina 2001). Due to their wide adaptation range and high
value of ecological services, Tamarix spp. are also widely
used for windbreaks and desertification control in arid and
semi-arid areas, and also introduced to humid and semi-
humid areas (Kleinkopf and Wallace 1974; Bikbulatova
and Korulkina 2001; Huang and Gao 2004; Glenn and
Nagler, 2005; Shafroth et al. 2005; Yang 2005; Whiteman
2006). The results of this study indicated that the dominant
plant species of Tamarix-vegetation in the Minqin Oasis-
desert ecotone changed from mesophytes to xerophytes and
finally to super-xerophytes during past 50 years. The basic
succession of Tamarix-vegetation revealed by this study
corresponds to the observations made in other arid areas
(Yin 1995). However, the dominant plant species of Ta-
marix-vegetation at the same research area exhibited a
following process before 1950s: Kalidium spp.— Kalidium
spp. and Tamarix spp.—Tamarix spp. and Kalidium
spp.— Tamarix spp. and Elaeagnus angustifolia or Populus
euphratica. This was a succession process from hygro-
phytes to mesophytes. Number of shrubs and trees as well
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as total biomass increased through the process (Li 1989;
Yang 1999; Gao et al. 2006). In addition, since Tamarix
spp. were introduced to the western US at the end of the
19th Century, they have become the dominant or sub-
dominant species in over a dozen different riparian,
wetland, xeric and halophytic plant associations in the
western US and northwest Mexico. Millions of dollars was
spent in controlling Tamarix spp. with chemical, physical,
and biological measures per year (Baum 1967; Anderson
1998; Shafroth et al. 2005).

Many factors could affect vegetation and population
changes, e.g. drought, soil erosion, habitat quality, seed
availability and viability, as well as human-induced activ-
ities (Honnay et al. 1999; Rodriguez et al. 2005; Wang
et al. 2005; Zhang et al. 2008). Vegetation change at all
scales is governed by both dispersal limitation and the
ability of species to establish and persist (Thompson et al.
2001). Most of species in Tamarix genus, e.g. T. ramo-
sissima, are actually intermediate drought-tolerant species
(Jiang and Gao 1992; Devitt et al. 1997; Xiao et al. 2005;
Lite and Tromberg 2005). They are more suitable for
habitats of banks of rivers and lakes or alluvial plains. This
might be a key reason why Tamarix-vegetation and bushes
are easily degraded under drought conditions.

Climate changes have influenced and altered a wide
variety of semiarid and arid ecosystem functions (Lin and
Tang 2002). Drought has been the major casual factors
leading to the loss of dominant grass species, or replace-
ment of a desirable grass species by undesirable shrubs or
alien weeds (Zhang 1994). From soil and plant water
relations, it is concluded that all perennial plants in the
transition zone between oases and desert in arid area must
have sufficient access to groundwater to ensure long-term
survival (Thomas et al. 2006). Desert soils in an arid rain-
fed environment have low and limited water contents, in
which soil water availability is the prime factor limiting the
number and size of perennial plant species and thus is the
main constraint in permanently controlling desertification
(Li et al. 2004). For Tamarix-vegetation in the Minqin
Oasis-desert ecotone closed in a nature reserve since 1982,
there was no direct intervention from human activities such
as grazing, burning and deforestation (Tang et al. 2001).
Changes of Tamarix-vegetation appeared to be closely
related to biological and ecological characteristics of Ta-
marix spp., disappearance of surface water resources, the
rapid decrease of groundwater table and the reduction of
soil moisture content due to the intensive human-induced
activities, especially agriculture activities. This result is
consistent with previous research conclusions (Feng et al.
1989; Yang 1999; Chen et al. 2006). Under the current
ecological conditions, it is hard to restore the degraded
vegetation by conventional treatments alone. For instance,
clear-cutting and revegetation without irrigation, thinning
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and destruction of soil crusts did not perform well. So
restoration of groundwater such that it remains continu-
ously accessible to the perennial plants is a prerequisite for
the conservation of Tamarix-vegetation and ecological
health of oasis-desert systems. This also provides an idea
and approach by controlling water conditions not only to
recover the degraded Tamarix-vegetation in arid and semi-
arid areas, but also to control extension of Tamarix spp. in
humid and semi-humid areas.

Conclusions

In the oasis-desert ecotone in arid area, as one of main
vegetation types, Tamarix-vegetation is extremely impor-
tant for sand dune stablization and protecting oasis from
sand burial. However, during the past several decade years,
dominant species in the composition of Tamarix-vegetation
changed from mesophytes to xerophytes and finally to
super-xerophytes, which strongly indicated vegetation
degradation and land desertification in the oasis-desert
ecotone. These replacements were closely related with the
rapid decrease of groundwater table and the reduction of
soil moisture due to unreasonable groundwater use for
expanded agriculture development. The maintaining of
stable groundwater and condign composition and structure
of Tamarix-vegetation is a vital prerequisite for dryland
management, especially, conserving ecological health of
oasis-desert systems.
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