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A B S T R A C T

The degradation of soil and vegetation substantially damages ecosystem functions. Litter crusts play an active
role in the vegetation restoration and management in desert ecosystems. In this study, the effects of litter crusts
on surface microhabitats and species formation on sandy land were studied in the wind-water erosion crisscross
region in the Mu Us Desert, northwest China. Soil microhabitat features including moisture, temperature, and
organic matter content were measured in different positions of litter crusts and bare sand, seedling species
richness, and total seedling number of all species were recorded in litter crusts on the sand's surface. The results
showed that there were significant differences between litter crusts and bare sand in terms of soil moisture,
temperature, organic matter content, and light intensity. Compared with that of bare sand, soil moisture below
litter crusts was increased by an average of 17.0% overall, soil organic matter content was increased by 77.5% at
the 0–5 cm depth and by 80.8% at the 5–10 cm depth. Litter crusts decreased soil temperature and light intensity
by an average of 16.6% and 31.6%, respectively. Seedling species richness and total seedling number of all
species were significantly higher in litter crusts than those in bare sand. Our findings revealed that litter crusts
modify the surface microhabitats of sand by maintaining soil moisture, regulating soil temperature, increasing
soil nutrients, and reducing light intensity, thus promoting species establishment in the wind-water erosion
crisscross region.

1. Introduction

Drylands cover approximately 41% of the Earth's land surface
(Reynolds et al., 2007), and 25% of these areas are affected by the
changes in soil properties, hydrological conditions, vegetation cover or
plant community composition that are often termed “desertification”
(D'Odorico et al., 2013). Land desertification in arid and semi-arid areas
is a global ecological and environmental problem. Depending on the
geographic setting, desertification can result in the loss of soil re-
sources, the salinization of soil, increases in bare soil or shifts in ve-
getation structure (Todd, 2006), which substantially damage ecosystem
functions (Ravi et al., 2010).

In arid and semi-arid regions, deserts with crossing rivers usually
suffer from complex soil erosion by wind and water. According to the
survey report published by the World Meteorological Organization and

the United Nations Environment Program (WMO-UNEP), over 17.5% of
the total land area of the Earth is subjected to soil erosion by wind and
water. Among the regions with high risks of desertification in arid Asia,
the Mu Us Desert is a representative area that has suffered wind and
water erosion (Wang et al., 2017). Difficulties in the recovery and
management of sandy ecosystems hinder the restoration of degraded
land in these regions. Previous studies of land recovery mainly focused
on aspects of artificial systems (e.g., artificial terraces and alley crop-
ping systems; Wei et al., 2007) and natural processes (e.g., biocrusts
and physical crusts; Bu et al., 2014; Gao et al., 2017) which have es-
sential influences on the interface of plant and soil.

There are evidences that the functional attributes of plant species
can have important implications for the properties of ecosystems where
productivity is nutrient-limited (Hobbie, 1992; Wardle et al., 1997;
Eviner and Chapin, 2003). Such influences may be via impacts on the
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decomposition of species' litters in plant litter layers. Studies confirmed
that the litter layer supplies substrate for decomposition and plays an
important role in biogeochemical nutrient cycling (Aerts and Chapin,
1999; Brearley et al., 2003). Incidentally, we found a kind of soil crust
type in the Mu Us desert, which was defined as “litter crust” and re-
ferred to the cohesiveness of the soil surface created by litter and soil
(Jia et al., 2018). In the wind-water erosion crisscross regions, some
plant litter can be brought together and embedded in sand due to the
superposed interaction of rain erosion and wind burial; After con-
secutive years decomposition and decay of litter, litter crust landscape
characteristics is formed. Because plant establishment is character-
istically limited by water and nutrients in arid and semi-arid zones,
some researches showed the effects of litter layer on water evaporation
reduction (Murphy et al., 2004), soil moisture regulation, and seedling
establishment (Reader, 1993). Usually a long-term decomposition of
litter contributes toabundant organic matters in the uppermost soil
layers, and topsoil structure and morphology are strongly influenced by
the formation of litter crusts. Additionally, we found the growth of
seedlings in the surface of litter crust area, which may be a response to
the improvement of microhabitats in litter-soil interface. As a con-
sequence, investigation of litter crust in desert ecosystems is necessary.

Here, we studied the effects of litter crusts on surface microhabitats
characteristics including soil moisture, temperature, organic matter
content, and light intensity, and on vegetation species establishment in
the sand of the water–wind erosion crisscross region. Different positions
at the litter crust patch may exhibit diverse characteristics due to the
special microenvironment. Therefore, we designed an experiment to
measure relevant parameters of different positions of litter crust patch
and bare sands to determine the ecological effectiveness of litter crust,
meanwhile we documented the crusts size and seedling characteristics
to explore the relationships between species establishment with surface
microhabitats in desert ecosystem. Our main objectives were to ex-
amine whether: 1) litter crusts can modify the surface microhabitats of
sand by maintaining soil moisture, regulating soil temperature, accu-
mulating organic matter, and reducing light intensity; and 2) litter crust
increase species richness by improving the surface microhabitats of
sand. We hypothesized that soil moisture and organic matter content
would be higher beneath the litter crusts than in soil with no litter
coverage, but that soil temperature beneath the litter crusts and light
intensity on the surface of litter crusts would be lower compared with
bare sand.

2. Material and methods

2.1. Study site and design

The study was conducted in the Liudaogou watershed
(110°21′–110°23′E, 38°46′–38°51′N; 1080–1270m a.s.l.) in Shenmu
County, Shannxi Province, China. The study site is located in the
southern part of the Mu Us desert, which is the largest mobile sand
dune system with poor nutrient and dry conditions, and a typical water-
wind erosion crisscross zone, i.e. the regions that suffer from complex
soil erosion by wind and water, in northwestern China. The climate of
this region is a typical continental semi-arid monsoonal climate. The
mean annual daily temperature is 8.4 °C, and average daily tempera-
tures range from −9.7 °C in January to 23.7 °C in July. Annual total
solar radiation is 141–153Wm−2, and the mean number of annual
sunshine hours is approximately 2800–3100 h (Yang et al., 2014). Mean
annual precipitation is 437mm, with 60–80% of the precipitation
concentrates in the period from June to September. Mean annual po-
tential evaporation is approximately 785mm, and the mean index of
aridity is 0.56. The prevailing wind in this region is from the northwest
and has an average annual wind speed of 2.2 m s−1; wind of
speeds > 5m s−1 occurs> 200 days per year. Wind erosion dominates
in winter and spring, while water erosion occurs in summer and autumn
due to frequent rainfall. On the Loess Plateau in the water-wind erosion

crisscross region, the amount of soil erosion is over 10,000 t km−2 yr−1

(She et al., 2014). The soil in the study region is a typical Aeolian sandy
soil, and the landscape is characterized by fixed and semi-fixed sand
dunes. The total content of soluble nutrients in surface soils in this
region was 5.10 g kg−1, with total N being 0.60 g kg−1, and total P
being 0.82 g kg−1. Therefore, barren soil nutrients, low sand stability,
high light intensity, and shortages of soil moisture all restrict seed
germination and vegetative growth in this region. The representative
vegetation of the study region consists of herbaceous plants and scat-
tered shrubs such as Artemisia ordosica, Salix cheilophila, Artemisia
sphaerocephala, and Lespedeza davurica.

The experiment was conducted on a sandy land (clay,< 0.002mm,
0.88%; silt, 0.02–0.002mm, 1.29%; sand, 2–0.02mm, 97.84%) with a
few arbors growing nearby in the southern part of the Mu Us desert. The
coverage of litter crusts reached about 20% in the study region and was
mainly composed of tree leaves from Populus simonii. Litter crusts was
formed naturally and had existed for approximately more than two
years. We chose three study sites with similar environmental conditions
in terms of underlying bedrock, subsoil, microtopography, and soil
hydrology, and the distance between each site was> 100m. Litter
crusts of 20–50 cm diameter and 2–5 cm thickness were selected for the
study. We investigated the effects of different positions of litter crust on
the characteristics of sand surface microhabitats, and four treatments
were implemented. Bare sand was set as the control, while three sam-
pling locations of litter crust were defined, i.e. (1) the center of the litter
crust patch (Center), (2) halfway between the center and the edge of the
litter crust patch (Middle), and (3) the outer edge of the litter crust
patch (Edge) (Fig. 1). We selected a total of 27 patches of litter crusts at
three sampling locations, with nine replications for each location.

2.2. Experimental setup

Soil moisture, soil temperature, and light intensity were measured
at each sampling site of litter crusts and bare sands using a Parrot
Flower Power Wireless Indoor/Outdoor Bluetooth Smart Plant Sensor
with a free dedicated app – (Green, France). The apparatus was verti-
cally inserted into the soil surface to measure soil moisture and soil
temperature.at a depth of 0–10 cm. Simultaneously, the sensors were
placed close to the surface of litter crusts or the bare sand to obtain light
intensity precisely. At different sampling site of each patch, we used
four apparatuses to measure the variables in different positions of the
litter crust. These measurements were conducted around noon time
(11:00 am–12:00 pm) to represent the minimum soil temperature
change of one day.

The number of species and the total seedling number of all annual
and perennial plants above the surface of the litter crusts were docu-
mented, and the patch diameter of each litter crust was measured.
Meanwhile, the characteristics of seedlings were documented in bare
sand using a 1×1m frame quadrat. In order to explore the difference
in soil organic matter content among treatments, soil samples at the
depths of 0–5 and 5–10 cm were collected using a soil auger of 4-cm
inner diameter. Soil samples were air-dried and then sieved at 2mm to
determine soil organic matter content by the dichromate oxidation
method (Walkley and Black, 1934).

2.3. Data analysis

Data are expressed as the mean ± standard error (SE). The Tukey's
honestly significant difference (HSD) test was used to analyze the dif-
ferences in soil moisture, soil temperature, soil organic matter content,
and light intensity between bare sand and three different positions of
litter crust patches. Significant differences were evaluated at the 0.05
level. Regression lines were plotted to express the relationships between
litter crust size and seedling species richness or total seedling numbers.
All data were analyzed, and figures were created using Revolution R
Enterprise 8.0 (Microsoft Corporation R version 3.2.2 2015). Shapiro-
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