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Figure 1 Literatures on ecosystem stability form 1981-2022 (Web of Science). Search terms: “ecosystem stability” “desert”, and “arbuscular
mycorrhizal fungi”. Column chart represents researches are done in China and other countries about “desert” and “arbuscular mycorrhizal fungi” from
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Figure 2 (Color online) Conceptual model of ecosystem responses to environmental disturbances and relationships between different stability
parameters. We look ecosystem as a “ball”, when the ecosystem is disturbed by environmental changes, the “ball” oscillates within the threshold; when
environmental stress exceeds the threshold, the “ball” will oscillate in other condition (i.e., another ecological type). During this oscillating process, we
can see the resistance, recovery, and compensatory recovery of ecosystem to environmental disturbances, and temporal mean and variance of ecosystem

functions on time scales. Figure modified from Refs. [29,31]
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Progress on mechanisms underlying arbuscular mycorrhizal
fungi maintaining desert ecosystem stability
under climate change
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Desert ecosystems are an important part of terrestrial ecosystems, and account for more than 25% of the global land area.
Desert ecosystems have low species diversity, vegetation coverage and ecological carrying capacity, and are sensitive to
climate change; therefore, small changes in the climate can trigger large fluctuations in desert ecosystem stability. It is well
known that the above- and belowground ecosystems collaboratively respond to climate change; however, the underlying
mechanisms, especially with regards to how soil microorganisms influence desert ecosystem stability, remain unclear.
Arbuscular mycorrhizal (AM) fungi are vital soil microorganisms that form symbiotic relationships with more than 90% of
desert plants. They increase plant nutrient uptake and enhance host-plant stress resistance, and in return, host plants provide
the photosynthates needed by the fungi. AM fungi are key organisms that mediate the synergistic responses of above- and
belowground ecosystems to climate change, strongly affect plant community productivity and composition, and play
important roles in maintaining desert ecosystem stability. By reviewing the literature published on desert ecosystem
stability in the past decade, we produced an indicator of ecosystem stability, and proposed the potential mechanisms of AM
fungi and how they maintain desert ecosystem stability under conditions of changing precipitation, increasing nitrogen
deposition and global warming. We found that climate change reduces plant community stability in the desert ecosystem;
however, AM fungi are able to maintain desert ecosystem stability using the following mechanisms: (1) On a plant
community level, AM fungi maintain plant community stability by increasing the aboveground net primary productivity in
the mycorrhizal plant community, and by increasing the relative abundance of mycorrhizal plants, which subsequently
increases the plant community diversity in non-mycorrhizal plant communities. (2) In terms of individual plants, AM fungi
increase plant community stability by increasing the stability of dominant plant species and reducing species synchrony
and turnover. (3) AM fungi participate in various ecosystem functions through common mycorrhizal networks, thereby
increasing the drought resistance of the desert ecosystem, and subsequently maintaining the stability of ecosystem
multifunctionality. At present, studies on the effects of AM fungi and the related changes in the soil microbial community
with regarding to maintaining desert ecosystem stability are still not systematic when compared to studies on other
ecosystems under global climate change. Studies rarely focus on the effects of warming on desert ecosystem stability. In
future studies, we should pay more attention to the effects of multiple factors including warming, drought, and increasing
precipitation on desert ecosystem stability. Furthermore, we should employ new and advanced research approaches, e.g.
combine micro and macro in situ observations, combine dynamic monitoring with internet technologies and machine
learning, and combine multi-omics analysis with a stable isotope probing technique to reveal the dynamics of soil microbial
processes and deepen our understanding of how AM fungi alter above- and belowground interactions in the desert
ecosystem; thus, providing theoretical foundations for the maintenance of desert ecosystem stability.

climate change, desert ecosystem, arbuscular mycorrhizal fungi, temporal stability, ecosystem multifunctionality
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