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Biological soil crust (BSC) is made up of cryptogamic species, such as cyanobacteria, green algae, diatom, lichen, moss, soil
microbe and other related microorganisms that cement with the surface soil particles through their hyphae, rhizines/rhizoids
and secretions. With the specialized structures and complicated assemblage of it’ s members, BSC constitutes one of the
most important landscapes and makes up 40% of the living cover of desert ecosystems, even exceeding 75% in some special
habitats. As an ecosystem engineer with unique contributions, BSC plays irreplaceable roles in the interconnection between
the surface biotic and abiotic components in arid and semi-arid regions. Thus, studies on BSC have come to the forefront of
interdisciplinary research crossing the fields of biology and geography.

Desert ecosystems are generally regulated and stressed by abiotic factors, which, to a large extent, dominate the
patterns and processes of these systems. Being especially limited by water availability, the desert soil surface cannot
support large area of vascular plants with homogeneous vegetation cover. The resultant patchy distribution of plant
communities provides the necessary eco-niches for the colonization and development of BSC. BSC eftectively
improves the surface micro-habitat and modifies important soil bio-characteristics (including survival and reproduction
of soil microorganism), physical properties (including soil wind erosion, water erosion, soil surface aggregate
structure, stability and pedogenesis), chemical properties (including fixation of carbon and nitrogen in particular,
but also soil nutrients and elements, organic matter, pH, salt, accumulation of calcium carbonate and so on) and soil
hydrological processes (infiltration, runoff, dew harvest, evaporation, redistribution of soil water and water cycling,
etc.). Additionally BSC influences the germination, colonization and reproduction of vascular plants. In spite of the
fact that the pioneering studies from abroad on BSC appeared as early as the 1930s and domestic research has also
been reported from the Shapotou area, northeast of the Tengger Desert, since the 1950s, the scientific community
did not begin to direct serious attention to BSC until the beginning of the 1990s. Unprecedented attentions had been
paid to this issue since then. An extensive collection of studies related to BSC have been published by some excellent
scientists, such as Professor Belnap J. and Dr. Bowker M. A. from USA, Professor Lange O. L. and Biidel B. from
Germany, Professor Kidron G. J. from Israel, and Professor Eldridge D. J. from Australia. The book, Biological Soil
Crusts: Structure, Function and Management, and its revised edition, edited by Belnep and Lange with contributions
by scientists from several counties, were published in 2001 and 2003, respectively, and greatly promoted BSC research.
The studies addressed in the symposium cover nearly all of the bio-climate zones, with special detailed introductions
to hot desert, cold desert, polar and tundra, the Arabia desert, and temperate grassland. However, little information
was available from both the Chinese temperate and central Asia desert. This lack of knowledge is due primarily to a
lack of systemic experiments and lack of centralization on a certain concern. Additionally, the international academic
community knows little about the research status of BSC in China because, due to language barriers, few Chinese
reports are published in international journals.

Based on a survey of the research on BSC, it can be concluded that the main focus during and before the
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1990s was to gain understanding of the eco-functions performed by and the biodiversity within BSC. A number of
publications have reported on topics like biodiversity of cyanobacteria, green algae, diatom, lichen and moss from
different desert regions, the cementation action of cyanobacteria with soil particles, scanning electron microscopy
of BSC structures, the aggregate structures that bind soil particles to the hyphae of cryptogamic plants, rhizines/
rhizoids and their secretions, wind tunnel tests and the mechanisms of BSC resistance to wind and water erosion, the
relationship between the presence of BSC and soil physical and chemical properties, and the efficiency of carbon and
nitrogen fixation b;}sed on the cultivation of certain cyanobacteria. Since the beginning of this century, studies on
BSC have entered a new stage with more systematic and comprehensive advances, allowing improved interpretation
of the ecological functions of BSC. Importantly, under the present background of global change, more concerns
are being raised about the roles of BSC in the soil hydrological, biogeochemical cycling and landscape processes in
drylands. However, the conclusions and hypotheses of many current studies are inferred based on common ecological
principles rather than supported by experimental findings. During the international conference “Biological Soil
Crusts in Ecosystems—Their Diversity, Ecology, and Management” held in Retzbach-Zellingen, Germany in
August, 2010, some issues were further emphasized, including the functions of BSC at the ecosystem levels, long-term
ecological research related with BSC, the functions of BSC and its influence on biodiversity conservation, ecological
restoration and reconstruction and production activities.

Studies on BSC in China arise from the establishment of the artificial protective sand-binding vegetation
system for the Baotou-Lanzhou railway in the 1950s. The appearance of BSC following the stabilization of sand
dunes attracted much attention from academic circles and it was treated as an important indicator of desertification
reversion and successful stabilization of sand dunes. From then on, experimental results were gradually reported from
the Shapotou area, such as the BSC formation principles, micro-bio-community composition characteristics in BSC
layers, effects of BSC on precipitation infiltration in soil, the succession of BSC and its modification to the soil physical
and chemical properties. The continuous deterioration of eco-environments and frequent, large-scale dust-storms in
desertified areas impelled the pursuit of understanding the important ecological functions of BSC, which is increasingly
with time, raising BSC to a research forefront in the fields of earth and ecology. As the earliest comprehensive
ecological field research station, Shapotou Desert Research and Experiment Station, Chinese Academy of Sciences
(CAS), provides an ideal and unique location for in-depth studies on BSC with the advantage of long-term system
monitoring. For example, the revegetated sites with different establishment dates (1956, 1964, 1973, 1982, 1990 and
2002) are coupled with natural vegetation sites, which have been maintained for more than 50 years, thus providing
ideal experimental sites for exploring the principles of BSC restoration and the integrated processes of BSC formation
and succession with long-term monitoring of environmental factors related to water, soil, atmosphere and biology. For

more than 10 years, the author and his colleagues from the research division of the Shapotou Station have conducted

2] Foreword



systematic research on the BSC distributed through the Chinese temperate deserts including Tenngger Desert
(Shapotou area), Alxa Plateau and Maowusu sandland under the support of the National Natural Science Foundation
of China (Grant Nos. 40471006, 40671011, 30870425), State Key Program of National Natural Science of China
(Grant Nos. 90202015, 40930636), China National Funds for Distinguished Young Scientists (Grant No.40825001)
and Knowledge Innovative Program of The Chinese Academy of Sciences (Grant No.KZCX2-EW-301). According
to the current research status in China and abroad, the following aspects involved in our research are the main topics
of this book:

(1) We explore the principles behind the formation and evolution of BSC in temperate desert areas. It is made clear
that coarse silt and aeolian dust are important for crust formation. Also important to crust formation are: a stable physical
environment, microorganism reproduction, colonization of the soil surface with cryptogams and cementation of exudates
and root systems with fine material. Cyanobacterial crust, desert algal crust, mixed crust (comprised by lichens and algae)
and moss-dominated crust are important successional stages during BSCs evolution process. Ecological and hydrological
functions of BSC vary with successional stage, and the stable stages of BSC succession also vary with climatic conditions.

(2) We review the experimental evidence of the influence of BSC in linking hydrological processes and
water cycles, and provide reasonable interpretation of the controversial viewpoints that have long existed among
international academic circles.

(3) We conclude, based on long-term monitoring and comparative experiments, that the changes in
the ecosystem during revegetation due to the evolution and development of BCS areas. BSC influences the
allocation of water and nutrients and affects seed germination mechanisms through modification of the physical
and chemical properties of the soil surface. Additionally it significantly impacts the processes and direction of
ecosystem succession, and therefore provides a good reference for vegetation construction and management of
artificial vegetation communities.

(4) We verify that the contribution of BSC to desert insect diversity lies with its beneficial influence on
insect habitat. It has been hypothesized and verified through experiments that BSC directly influences desert
insect food chains and food networks. The functions of the BSC as an ecological engineer and its important
contribution to maintaining the biodiversity in a desert ecosystem are also clarified.

(5) The influences of BSC, especially BSC micro-topography, on the spatial and temporal heterogeneity of
hydrophysical characteristics are key drivers of “source-sink” shifting processes of material and energy flows in
the temperate steppe. .

(6) We verify the contribution of the BSC to carbon and nitrogen cycles. An increase in net photosynthesis
rates and nitrogen fixing potentials of BSC,which leads to a higher nitrogen content of vascular plants than

those in non-crust areas, is confirmed with experimental evidence. The carbon fixing abilities of BSCs provide
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