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Fig. 1 Conceptual model showing the response of biogeochemical cycle to global change
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Fig.2 Conceptual diagram showing the effects of global change on biogeochemical cycles in the karst regions
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Fig. 3 Land use changes of karst regions in the south China from 1980 to 2020.(The data was provided by https://www.resdc.cn)
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Biogeochemical cycles of karst systems and their response to global change

LIU Xin', LI Siliang', YUE Fujun', ZHONG Jun', QIN Caiqing’, DING Hu'
(1. School of Earth System Science, Tianjin University, Tianjin 300072, China;
2. School of Human Settlements and Civil Engineering, Xi'an Jiaotong University, Xi'an, Shaanxi 710049, China )

Abstract Biogeochemical cycles are the core of matter cycling in the earth system, and are critical to sustaining
ecosystem stability and the development of human society. However, climate change and excessive human interference
may significantly alter biogeochemical cycles in surface earth systems, especially fragile karst ecosystem. Meanwhile,
the special porous critical zone structure in karst regions accelerates the material circulation and its response to the
change of external environment, which affects the circulation of matter and biogeochemical process at different scales.
Thus, this review mainly emphasized the effects of environmental changes on biogeochemical cycles in karst regions at
macroscale (climate change), mesoscale (human activities), and microscales (microbial activities). The main contents
are as follow.

(1) Climate change (including climate warming and precipitation anomaly) is a direct representation of global
change, which not only influence the stability of ecosystem in the karst regions, but also determine local
biogeochemical process and material circulation. Although climate warming may enhance the carbon sink function of
the aquatic ecosystem in karst region, the watershed carbon sink effect would change with the increase of the warming
degree. Moreover, disasters and extreme climate have a strong impact on the ecologically fragile karst regions, but
sometimes also have important negative feedback significance to the restoration and reconstruction of regional
ecosystem. Furthermore, climate warming can directly or indirectly promote soil respiration intensity by improving
biological factors (e.g., physiological activity of underground roots) and abiotic factors (e.g., enzyme activity), but
whether it can offset the weakening of soil respiration caused by the decrease of soil moisture content should be further
studied. In addition to climate warming, precipitation anomaly also significantly affects soil respiration and watershed
nutrient fluxes in karst critical zone, which have important impacts on global carbon cycle and local aquatic ecosystem
security. Significantly, due to the coupling relationship between temperature and precipitation, single-factor analysis
may not be able to comprehensively assess the impact of climate change on biogeochemical cycles. Therefore,
laboratory and field experiments should be combined to comprehensively evaluate the impact of climate change on
biogeochemical cycles and feedback on ecosystem stability in karst regions in future work.

(2) The impact of human activities on the environment and biogeochemical cycles in karst regions is multi-
dimensional, especially land use change, urbanization and water conservancy projects. Land use conversion and
vegetation cover change not only change the structure and function of the ecosystem in karst regions, but also change
the nutrient cycling process of the ecosystem, thereby affecting the local biogeochemical cycling process. Moreover,
urbanization in karst regions will significantly increase the carbon storage in urban systems. Therefore, a coupling
system of urban-suburb-rural ecosystem should be established to formulate appropriate environmental management
policies through reasonable allocation and sharing of resources in the future. Furthermore, the construction of water
conservancy projects in karst watershed not only change the transportation and transformation processes of river
particles and nutrients, but also change the geochemical behavior of Dissolved Inorganic Carbon (DIC) in river water,
thus affecting the watershed carbon cycle. As we know, human activities have greatly changed the biogeochemical
cycles in karst regions and led to new ecological and environmental problems. Therefore, reasonable measures should
be taken under the premise of scientific evaluation in order to achieve ecological protection and sustainable
development in karst regions.

(3) Microbes drive biogeochemical cycles through metabolic activities and respond rapidly to changing



476 o A 2022 4

environmental conditions to maintain global ecosystem stability. Compared to non-karst regions, the unique karst
structure changes the diversity and abundance of microbes. As we know, biodiversity is changing at an unprecedented
rate as a result of global change. Climate change affects biogeochemical cycles through controlling microbial
community structure and biomass in karst regions. In addition, nutrients addition caused by human activities also
affected the functional diversity and community structure of soil microbes in karst regions. And long-term fertilization
not only significantly changed the availability of carbon and nitrogen in soil profile in karst regions, leading to
differentiation of soil microbial community, but also changed the coupling relationship among different elements (e.g.,
C, N, P, S). Microbes play a vital role in biogeochemical cycles, which should be further studied in the future under the
circumstances of climate change and intensified human activities.

As above, multi-factor changes have strongly influenced the matter cycling in karst regions, climate change,
human activities, microbial activities and their coupling relationship are vital to regulate biogeochemical cycles.
Meanwhile, we also stressed the limitations of existing research and pointed out the challenges and direction of future
research. In the future, we should combine multi-scale monitoring-analysis and integrated model research from the
perspective of system research (e.g., earth critical zone), so as to establish a multi-source and multi-scale coupling
process and system model. Through the above methods, the evolution rules and dynamic mechanism of karst system
are clarified, and the theoretical basis for ecological protection and high-quality development in karst regions are

provided.

Key words karst system, climate change, human activities, microbial activities, biogeochemical cycles
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