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Abstract

Background Desertification is the most severe environmental problem in arid and semi-arid regions and has caused
great economic loss every year. However, artificial sand fixation barriers function on sand fixation for only 10-20 years.
Searching for a native species with long-term sand fixation effect and strong environmental adaptive capacity,

and low water consumption is needed. In this study, we investigated the environmental adaption and sand fixation
effect of a grass from Poaceae family (Psammochloa villosa) that is indigenous to the desert of Northwest China.

Results The results showed that P villosa has a streamlined leaf form, strong mechanical strength, and flexibility

to adapt to wind. Leaf curling of P villosa under drought decreased water loss rate through decreased evapora-

tion area to adapt to drought. Significant negative relationship between adventitious root length and horizontal
root burial depth indicates that adventitious roots help P villosa absorb water and nutrients from soil under shallow
sand burial condition, which enables P villosa to adapt to different sand burial conditions. P, villosa fixed sand dunes
through the distribution of the population at the top of the dune and the vertical relationship between the direction
of windblown sand and the direction of growth of P villosa, which stopped the expansion of the dune.

Conclusions Growth characteristics of wind and drought tolerant leaf traits and adventitious roots under sand burial
indicate that R villosa is well adapted to dry sandy desert conditions and burial by sand. The distribution of the P
villosa population on the sand dune is a “brake” on its expansion. These findings provide new insight for active sand
dune fixation and desertification control using native grass in the desertified regions.
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Background

Desertification is the most serious environmental prob-
lem in arid regions (Malagnoux et al. 2007; Yu et al. 2017).
Annually, desert expansion has caused great economic
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loss worldwide (Nash 1999; Touheti et al. 2013; Li et al.
2015). To decrease desert damage, many engineering
measures such as the construction of physical sand barri-
ers (straw checkerboard barriers) and biological barriers
(planting trees and shrubs to fix sand dunes) have been
conducted in the desert of Northwest China (Cao 2008;
Li et al. 2018). However, sand barrier fences and straw
checkerboard barriers only function on sand fixation for
a relatively short period. About 70% of sand fixation bar-
riers were buried over the last 20 years (Li et al. 2021).
Therefore, searching for a more long-lasting method to
fix sand by planting environmentally adapted native spe-
cies, such as grass species that have high drought resist-
ance and rapid reproduction capacity (Craine et al. 2013),
becomes an urgent task for desertification control in
these regions.
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For the native species habituated in the desert, windy,
dry and sandy environments are the major abiotic stresses
for species survival (Wang et al. 2009; Li et al. 2022; Liu
et al. 2023). Plants under wind stress are characterized by
low above-ground biomass and low shoot-to-root ratio as
the decrease in height can significantly reduce the load-
ings of wind under natural conditions (Goodman and
Ennos 1996; Speck 2003; Anten et al. 2010). The influence
of wind stress on plant growth is coupled with soil water
availability in desert environments (Wang et al. 2009; Wu
et al. 2021). There are distinct responses to wind stress of
plants under low and high soil water availability (Good-
man and Ennos 1996; Wang et al. 2011). Besides wind
stress, sand burial is also a critical environmental stress
for species’ survival in the desert (Tao et al. 2022; Gao
et al. 2023a, b). With the increased depth of sand burial,
the ramet’s number and size both decreased (Yu et al.
2004). Although such findings about species in response
to specific stress have been made in many desert studies,
there are multiple abiotic stresses in the desert environ-
ment caused by wind, drought and sand (Li et al. 2022;
Tao et al. 2022). Understanding how the desert species
adapt to windy, dry and sandy environments would accel-
erate the sand fixation speed and reduce the huge eco-
nomic losses caused by desertification.

In this study, we surveyed a native grass (Psammochloa
villosa) across four major deserts spanning a geographi-
cal distance of about 1000 km from semi-arid deserts to
arid deserts in Northwest China. P. villosa is a sandy rhi-
zomatous clone species and often occurs on mobile sand
dunes, which is well adapted to windy, dry and sandy bur-
ial environment and has a strong reproductive capacity.
In Northwest China, P, villosa is a dominant sandy rhi-
zomatous herbaceous species, which grows in vegetation
patches in desert areas (Ma 1994; Yu et al. 2004). Previ-
ous studies have studied the spatial distribution (Wang
et al. 2023), seed germination (Zhu et al. 2005), leaf traits
(Lu et al. 2021), clonal growth (Chen et al. 2001), arbus-
cular mycorrhiza (He et al. 2010) and growth under dif-
ferent soil water conditions (Wang et al. 2011). Studies on
the influences of abiotic stress on P. villosa are inconsist-
ent. For instance, some studies reported the biomass of P
villosa decreased under wind stress (Retuerto and Wood-
ward 1993; Niklas 1998), but increased in other stud-
ies (Anten et al. 2005; Wang et al. 2009). Regardless of
these advances, the adaptive mechanisms of P. villosa to
windy, dry and sandy environments are less understood.
This is critical for P villosa to successfully survive in the
desert. Planting grasses to fix sand dunes has been appli-
cated for stabilization of dunes in coastal dunes (Gao
et al. 2023a, b). Although grasses play important role in
sand fixation and with low water consumption compared
with shrubs, the sand-fixing effect of P. villosa has yet to
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be studied, this plant may prove to be a valuable tool for
sand fixation.

To figure out how this herbaceous species survived in
the desert and the effect on sand fixation, we investigated
the adaption to windy, dry and sandy environments. This
study for the first time revealed the adaptive mechanisms
of P villosa in adaption to compounded environmental
stresses and its sand fixation effect. We hypothesized that
P villosa could be well adapted to desert environments
by forming environmental tolerant traits. P, villosa would
form more environmental tolerant traits in arid deserts
than it in semi-arid deserts. Since P. villosa occurs natu-
rally on mobile sand dunes, we hypothesized that P. vil-
losa may have a good effect on fixing mobile sand dunes
and may have application value for sand desertification
control engineering in desertification regions.

Methods

Study site and experimental design

The study site is located in four major deserts in North-
west China (Mu Us Desert, Ulan Buh Desert, Kubugqi
Desert, Badain Jaran Desert). We set six study sites across
four deserts (Fig. 1). The six study sites span a wide geo-
graphic range (about 1000 km) from arid deserts to semi-
arid deserts. The study sites experience wind and drought
stress with a gradient of wind speed ranging from 6.7
to 10.2 m/s and the strongest period of aeolian activity
often occurred in the first half of the year; annual pre-
cipitation ranges from 92 to 484 mm, annual temperature
ranges from 8.2 to 10.1 °C, altitude from 1025 to 1448 m
(Table 1). P. villosa is the dominant species in the sam-
pling sites and grows during April to October. The soil in
the study site is desert soil that is majorly composed by
gray desert soil, grey-brown desert soil and brown desert
soil, which has low water storage capacity.

In June 2024, six sampling plots in each of the study
sites (three sites at arid deserts and three sites at semi-
arid deserts) without grazing disturbance were selected
for the field survey and sample collection. In total, 6 loca-
tions X 6 replications =36 surveys were conducted. In the
study sites, we firstly conducted the community investi-
gation. Then we measured the wind, drought and sand
burial tolerant traits of P villosa that are described as
follows. Finally, we quantified the sand fixing effect of P
villosa by analyzing the sand blocking effect of P. villosa
to sand dune movement. Environmental variables in each
sampling site were collected to compare the traits’ differ-
ences of P, villosa in different climate conditions.

Environmental variables

Meteorological data was obtained from high-resolution
meteorological service products. The precipitation data
and temperature data used in this study were extracted
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Fig. 1 Map of the study site. The study sites span across Mu Us Desert, Ulan Buh Desert, Kubugi Desert, and Badain Jaran Desert in Northwest
China. Six sampling sites were marked as red points on the map. Stars marked in blue represent major cities in this region. Yellow colored
background indicates desert. The red square in the subplot represents the geographic range of the study area in China. AZ, Azuo Banner; BD, Badain
Jaran; ER, Ordos city; JB, Jinbian county; LZ, Linze county; YL, Yulin city

Table 1 Environmental conditions of the sampling sites in this study

Sampling site  Abbreviation Arid/semi-arid desert Location Altitude (m) Annual Annual Maximum
precipitation (mm) temperature (°C) wind
speed (m/s)

Badain Jaran BD Arid desert 102°22'21.07"E, 1448 92 8.7 10.2
39°27'39.70"N

Azuo Banner AZ Arid desert 105°42'56.93"E, 1025 117 10.1 8.6
39°40'35.31"N

Linze county Lz Arid desert 100°15'19.56"E, 1438 123 8.2 76
39°26'51.21"N

Ordos city ER Semi-arid desert 108°39'9.53"E, 1115 229 83 8.2
40°25'52.33"N

Yulin city YL Semi-arid desert 109°41'42.97"E, 1155 484 9.7 6.7
38°7'16.13"N

Jingbian county  JB Semi-arid desert 108°50'2.22"E, 1335 387 9.2 6.9

37°43'2047"N

The sampling sites were classified as arid deserts (annual precipitation <200 mm) and semi-arid deserts (annual precipitation at 200-500 mm) (Huang et al. 2019)

from the Tibetan Plateau Data Center (Peng et al. 2019).
Based on the 0.5° global meteorological dataset of CRU
(Harris et al. 2020) and the 30" resolution global meteor-
ological dataset of WorldClim2 (Fick and Hijmans 2017),
this dataset was generated by downscaling in China

using the Delta spatial downscaling scheme and veri-
fied by meteorological observation data. The wind speed
data used in this study was extracted from the spatial
interpolation of the meteorological station database and
ECMWTF Reanalysis v5 (ERA5) database (Hersbach et al.
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2020). The meteorological data were extracted from the
China Meteorological Data Service Centre. Based on the
resampled 250 m resolution, using ANUSPLIN software
to spatially interpolate wind speed observation data from
36 meteorological stations around the sampling sites
(Hutchinson and Xu 2004). In the year when meteorolog-
ical data were insufficient, wind speed data from ERA5
were used as a supplement (He et al. 2020).

Community investigation

We surveyed the population distribution of P villosa at
the lower, middle, and upper position of the mobile sand
dune. In each sand dune position, we set three 2 mx2 m
plots to conduct community investigation. Species com-
position, coverage, abundance, density, and plant height
were recorded. We took photos for the plot and pro-
cessed the plot with Image] software (Schneider et al.
2012) to calculate the coverage of each species. The plant
height of the individuals was measured by a commer-
cial measure tape. The distribution of P, villosa at differ-
ent positions of the mobile sand dune was quantified as
the percentage of the number in the position to whole
individuals.

Leaf morphology, mechanical strength and flexibility

for wind adaption

To evaluate the wind adaption of P. villosa in the desert
environment, we analyzed the leaf morphology and
mechanical strength of P villosa as different leaf shape
has different wind resistance and the leaves with higher
mechanical strength could resist strong wind stress. For
leaf morphology, the leaf width and thickness were meas-
ured from the leaf base to the tips per two centimeters
(Schrader et al. 2021). For the mechanical strength, we
measured the tearing force of the leaf that could pull off
the leaf blade, and expressed the mechanical strength of
P villosa as Newton per meter (He et al. 2019). Addition-
ally, to simulate the wind-blowing effect in natural con-
ditions, we artificially bent the leaf from 30° to 180°, and
then we measured the recovery angle of the leaf blade
after artificially bending. This reflected the flexibility of
P. villosa under a strong wind environment. We expected
if the leaf blade could recover or approach to previous
status after the bend, this means P, villosa could be well
adapted to the strong wind-blowing environment.

Leaf curling for drought adaption

We monitored the leaf curling of P villosa when the
environment becomes drying. The extent to which the
leaf curled during drought could be used as an index of
drought adaption as the previous studies indicated that
leaf curling could largely decrease sunlight interception
area, which is an adaptation to a dry environment (Nar
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et al. 2009; Feng et al. 2022). To quantify the leaf curling
extent, we monitored the variation of leaf width of P, vil-
losa when it detached. We set the time series as 0 min,
2 min, 5 min, 10 min, 15 min, 20 min, and 25 min (as
the leaf dries out at this time). Finally, we calculated the
percentage of the final leaf width to the initial leaf width
to compare the leaf curling extent in different sampling
sites.

Adventitious root for sand burial adaption

To investigate how P villosa survived under different
depths of sand burial, we measured the depth of sand
burial of the horizontal root at six sampling sites. The
depth of sand burial and the length of the adventitious
root were measured with a tape rule using the excavation
method. To figure out the relationship between adventi-
tious root and depth of sand burial, we analyzed the rela-
tionship between adventitious root length and depth of
sand burial.

Individual growth and distribution for sand fixation

We used three methods to evaluate the sand-fixing effect
of P, villosa on sand dunes. For the first method, we sur-
veyed the distribution of P. villosa on the position of the
moving sand dune. We summarized the distribution of
P, villosa on the upper, middle and lower positions of the
moving sand dunes. Due to the sand on the top of sand
dunes is easier to be blown away by the wind, more indi-
viduals distributed in the upper position of sand dunes
would have a better sand-fixing effect (Zhang et al. 2021).
For the second method, we measured the height and dis-
tance of individuals from the maternal plant to explore
whether P. villosa could form a fence-like sand barrier.
The maternal plant was identified as the plant from which
it originated. We analyzed the variation of plant height
from the maternal individual to its clones, and calculated
the distances between two individuals and analyzed its
distribution density. If the distance between cloned indi-
viduals was rather short and with a similar plant height, it
means P. villosa could formulate a dense fence-like block
to stop wind and sand movement. For the third method,
we evaluate the sand-fixing effect of P. villosa by measur-
ing the angle between the horizontal root growing direc-
tion and sand dune moving direction with a commercial
angulometer. The sand dune moving direction was iden-
tified by the morphology of the sand dune. The sand dune
moves from a gentle windward slope to a steeper leeward
slope (Qian et al. 2021). If the angle between the horizon-
tal root and sand dune moving direction approached 90°,
it indicates that P, villosa could directly detain sand dune
moving as it is perpendicular to the sand dune moving
direction (Qiu et al. 2004; Gao et al. 2023a, b).
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Statistics

One-way ANOVA with Fisher’s LSD test was used to
examine the differences of P villosa characteristics
among different sampling sites from semi-arid deserts
to arid deserts. The correlations between variables were
fitted by loss or Im functions of ggplot2 packages in R
programming (Wickham 2016). Except for model plot,
all the figures and data analysis were conducted using R
programming (R Core Team 2023).

Results

Wind environment adaption

The leaf morphology of P. villosa showed adaptations to
windy environments in both arid and semi-arid deserts.
The leaf width was streamlined from the leaf base to
the tip, indicating that P. villosa has low wind resistance
in a windy environment (Fig. 2A). The leaf thickness
decreased linearly from the leaf base to the tip, indicating
strong mechanical strength in the leaf base to guarantee
that the plant can withstand strong wind blows (Fig. 2B).
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A positive relationship between leaf thickness and leaf
width was observed, indicating the adaption to wind
of wider leaf width achieved by thick leaf (Fig. 2C). In
addition, the leaf of P. villosa showed strong mechanical
strength and flexibility. The tearing force of the leaf was
greater than 8.7x10° N/m. Although there were some
differences among different sampling sites, the tearing
force was overall higher in arid deserts than it in semi-
arid deserts (Fig. 3A). The leaf blade of P, villosa showed
strong flexibility as it could recover to its previous status
if the bend angle was less than 150°. Even if the leaf blade
was artificially bent to 180°, the leaf could also recover to
150° (Fig. 3B).

Drought environment adaption

P villosa was well adapted to a dry environment as leaf
curling occurred when the environment became dry
(Subplot in Fig. 4A). We observed the leaf width decrease
rapidly over time as it curled in all six sampling sites to
decrease the water loss rate. The leaf fully curled at about
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Fig. 2 Leaf width and thickness change trends from leaf base to tip. A Leaf width changed as streamlined with the distance from the leaf base
(R?>0.90, P<0.001). B Leaf thickness decreased linearly from the leaf base to the tip (R?>0.90, P<0.001). C Leaf thickness and leaf width showed

a positive relationship (R*=0.71, P<0.001). Different colors represent different sampling sites as the legend showed in plot A. AZ, Azuo Banner; BD,
Badain Jaran; ER, Ordos city; JB, Jinbian county; LZ, Linze county; YL, Yulin city
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Fig. 3 Leaf mechanical strength and flexibility in adaption to wind
stress. A Tearing force of P villosa at different sampling sites. B The
mean recover angle (n=6) of leaf blade after artificially bending

the leaf from 30° to 180°. Different colors in plot B represent different
sampling sites. The bar in plot A represents the standard error (n=8).
The different letters above the bar indicate significant differences
among sampling sites (P <0.05). AZ, Azuo Banner; BD, Badain Jaran;
ER, Ordos city; JB, Jinbian county; LZ, Linze county; YL, Yulin city

20 min (Fig. 4A). The curling of the leaf was very signifi-
cant where the final leaf width was about 25% of the orig-
inal leaf width. No significant differences were detected
among the curling percentage of the leaf in arid deserts
and semi-arid deserts, indicating that leaf curling is a
general drought adaptation for P. villosa (Fig. 4B).

Sand burial adaption

P villosa showed a strong adaption to sand burial. Depth
of sand burial of P villosa showed a very large range
from 15 to 55 cm among six sampling sites (Fig. 5A, B).
Depth of sand burial was shallower in arid deserts com-
pared with semi-arid deserts (Fig. 5B). For the individuals
with shallow depth of sand burial, we observed adventi-
tious root occurred from the cloned individual’s hori-
zontal root (Fig. 5C). A negative relationship was shown
between adventitious root length and depth of sand bur-
ial of horizontal root, indicating that adventitious root
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would occur to compensate for less moisture in the shal-
low soil profile (Fig. 5D) (Knipfer and Fricke 2011; Gonin
etal. 2019).

Sand-fixing effect

In both arid deserts and semi-arid deserts, the plant
height and root depth of P. villosa do not vary with the
distance from the maternal plant (Fig. 6A, B). P. villosa
with a plant height ranged from 25 to 75 cm, which could
fix sand dunes through reducing wind speed and pro-
mote sand accumulation and deposition. The length of
the horizontal root from one maternal plant ranged from
400 to 900 cm (Fig. 6C). The distance between cloned
individuals was about 20 c¢m, which means P villosa
could formulate a dense fence-like block to stop wind and
sand movement (Fig. 6D). Under natural conditions, we
observed that the angle between leaf blade and horizon-
tal root was less than 30° (Fig. 7A, B). The angle between
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the horizontal root and the direction of sand dune move-
ment approached 90°, indicating that the horizontal root
was perpendicular to the wind-blown sand, thus imped-
ing the movement of the sand dune (Fig. 7C) (Lee et al.
2020). Additionally, individuals distributed in the lower
(15%), middle (25%) and upper positions (60%) of sand
dune, which helped sand dune fixation as the sand in the
upper position of sand dunes is vulnerable to blowing
away by wind (Fig. 8).

Discussion

Adaption of P. villosa to windy, dry and sandy
environments

This study demonstrated P. villosa was well adapted to
windy, dry and sandy environments. For windy envi-
ronment adaption, we found the leaf width showed a
streamlined form from the leaf base to the tip, as leaf
with a streamlined form has a good performance of

flow diversion and low wind resistance (Zhang et al.
2022; Liang et al. 2024). Leaf thickness showed a linear
form from the leaf base to the tip. This indicates strong
mechanical strength in the leaf base to guarantee that it
can support the whole leaf weight and withstand strong
stretch force under wind blow (Wang et al. 2010).
Additionally, we found that the leaf blade of P. villosa
showed very strong mechanical strength as the tearing
force of the leaf among the six sampling sites is greater
than 8.7 X 10°> N/m. This is 10 times greater than nor-
mal plants indicating that P. villosa has evolved strong
mechanical strength to adapt to wind environment
(Vogel 2009; He et al. 2019). Besides strong mechanical
strength, we also found that the leaf blade of P. villosa
showed strong flexibility as it could recover to its pre-
vious status after being artificially bent. This suggests
that the leaf of P villosa could recover to its previous
status after strong wind stress.
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For drought adaption, we found that the leaf blade of P
villosa could curl as the drought intensified to decrease
the water loss. Such leaf curling mechanism under
drought conditions has been observed in many other
species from the Leguminosae family (Amador-Vargas
et al. 2014; Lin et al. 2017; Feng et al. 2022). Our find-
ings for the first time proved that leaf curling could also
happen in the species from the Poaceae family. This to
some extent explained the wide distribution of P. villosa
over the desert of Northwest China. The active leaf curl-
ing under drought condition also provided insight that
although the individual couldn’t move like an animal,
it could also avoid stress though modifying the tissue’s
shape (Kadioglu et al. 2012).

For sand burial adaption, our results showed a large
range of root depth of P. villosa over the sampling sites.
This suggests P villosa has a strong tolerance to burial
by sand, which might help P, villosa to survive at mobile
sand dunes where the sand thickness always changes after
wind storms. Sand burial depth could affect the herbs’
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survival in the desert by affecting the plants access to
soil moisture (Gao et al. 2023a, b). In the desert environ-
ment, the shallow soil profile with low soil water avail-
ability might cause the horizontal root with shallow soil
burial depth to be unable to absorb sufficient water for
survival. In the desert environment, the roots surviving
in the shallow soil profile could not absorb enough water
due to the low water content of this soil layer (Zhou et al.
2017; Duniway et al. 2018). We found that individuals
with shallow depth of sand burial have adventitious roots
that occur at the horizontal roots. This suggests that the
plants’ growth could be stimulated under a certain
threshold level of burial (Maun 1998). Adventitious roots
would compensate for less moisture in the shallow soil
profile. This is consistent with a previous work report-
ing that soil moisture is the dominant factor regulating
the underground bud bank of rhizomatous species P, vil-
losa (Dong et al. 2023). Our finding, to a large extent, has
explained the water absorption of P, villosa under shallow
soil burying depth conditions. But it needs to be noted
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that we measured the depths of the roots over the same
time frame. The relationship between sand accumulation
and adventitious roots at different time frames needs to
be validated in future works by controlled experiments.

Sand dune fixing effect of P. villosa in desert

In the desert environment, the key reason of sand dune
movement is due to the lack of vegetative cover. Plants
that grow on the sand dune could function in stabilizing
sand (Hesp 1989; Bel and Ashkenazy 2014; Wang et al.
2019). Our findings showed that adaptions to windy,
dry and sandy environments enable P. villosa to survive
in mobile sand dunes (Fig. 8). This provided a prerequi-
site for sand fixation of P, villosa in this harsh environ-
ment. P villosa with a mean plant height of 50 ¢cm has
a good effect on slowing down wind speed and could
help sand accumulation and deposition surround the

individuals. This has been demonstrated previously
that the sand fixation species Sesuvium portulacas-
trum with a plant height of 25-50 cm was successfully
planted to fix coast line sand dunes (Lokhande et al.
2013). A large portion of the population distributed in
the upper position of mobile sand dune helped sand
dune fixation because sand in this position is vulner-
able to wind stress (Dong et al. 2003; Zheng et al. 2004;
Jiang et al. 2014). With the species expansion among
the sand dune, the sand dune would be fixed and the
dune shape tended to be stabilized (Zarnetske et al.
2012). Our findings also found that P. villosa could for-
mulate a dense fence-like block to stop wind and sand
movement (Fig. 4). This natural sand barrier is similar
to straw checkerboard barrier, which has a good sand-
fixing effect and has been successfully applied to sand
fixation engineering (Tian et al. 2015; Xu et al. 2018).
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Additionally, P. villosa has low water consumption and
long-lasting sand fixing effect compared with shrubs or
trees formed shelterbelts (Liu et al. 2020).

Besides the survival advantage and distribution fea-
ture of P. villosa in the desert, our findings provided a
novel mechanism for sand fixation. We found a growth
feature that the angle between leaf blade and horizontal
root was less than 30°, and this suggests the plane of leaf
blade is parallel to the horizontal root growth direc-
tion. Combined with the strong mechanical strength
and flexibility of the leaf blade to wind stress, 2. villosa
is well adapted to wind blowing from the front of the
leaf blade (where wind direction is perpendicular to the
leaf blade). If this is the case, the wind blow direction is
perpendicular to the horizontal root growth direction.
Our survey in the field perfectly matched this case,
where the horizontal root is perpendicular to wind-
drift sand (Fig. 7). This finding indicates that P. villosa
is a natural and ideal species for sand dune fixation, and
has potential application value for sand fixation in the
desert environment.

Implications for desert ecosystem conservation

in Northwest China

The previous experience of artificial sand-fixing vegeta-
tion construction has demonstrated that it is not only
possible but also feasible to construct and improve the
sand-fixing vegetation based on native plants (Li and Xu
2019; Deng et al. 2024). It should be noted, however, that
the construction of sand-fixing vegetation should aim at
slowing down the expansion of sand dunes, and should
not overly pursue the fixation of sand dunes, let along
mention the formation of a complete plant sand-fixing
system. Sand-fixing plant species must come from native
plants and should be constrained by the carrying capac-
ity of vegetation and soil, and we should adhere to the
principle that natural vegetation is mainly nurtured and
protected, with moderate supplement by artificial sand-
fixing vegetation. Along the traffic routes and around the
villages and towns, artificial sand-fixing vegetation can be
appropriately established based on the sand acitivity con-
dition. In the regions where sand damage is not severe,
introducing native herbs such as P. villosa to slow down
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the expansion of sand dunes would be a better choice to
protect the desert ecosystem.

Three aspects should be focused in the sand dune fixa-
tion research in the future. (i) Determining the carrying
capacity of vegetation and the model for establishing
vegetation sand control belts based on species’ adap-
tion to windy, dry and sandy environments. Examing the
drought-resistant and wind-erosion-resistant sand-bur-
ial capacity of native plants, as well as the interaction
between wind and sand activities and the composition,
spatial pattern, inter-species relationship and stability of
vegetation communities. (ii) Investigating the mechanism
of maintaining the stability of natural vegetation. Explor-
ing the composition, diversity and stability of natural
vegetation at the desert and its relationship with pre-
cipitation, redistribution of precipitation and soil water,
and the impact of precipitation and its redistribution on
soil water and vegetation, and determining the distribu-
tion pattern and stability conditions of sparse and patchy
desert vegetation. (iii) Developing the conservation of
native plant species and vegetation construction tech-
nology, such as the techniques of breeding, restoration
and renewal of native plants in sandy, drought and windy
environments.

It should be noted that there are some limitations of
using grasses to fix sand dunes. The relatively shallow
root system of grasses limits their sand fixation capac-
ity to a certain extent. Compared with shrubs or trees,
it is difficult for grasses to penetrate deep into the soil,
so their sand fixation effect is mainly concentrated in
the soil surface. In desert areas with strong winds, the
sand fixation effect of this shallow layer may not be suf-
ficient to resist the erosion of wind and sand, resulting in
unstable sand fixation effect. Although the populations
of native grasses are constantly renewed, the relatively
small biomass and short growth cycle of grasses make the
durability of their sand fixation effect questionable. The
applicability of the sand fixation approach using grasses
needs to be investigated in future researches and engi-
neering practices.

Conclusion

In this study, we found the native grass species (2. villosa)
is well adapted to windy, dry and sandy environments
and has a good sand dune fixing effect and potential
application value for sand fixation in the desert envi-
ronment. P. villosa adapts to compounded environmen-
tal stresses across a large geographical gradient mainly
through forming environmental tolerant traits. These
findings provide new insight for sand dune fixation and
desertification control by native grass in desertification
regions over the world.
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