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Responses of soil microbial community to global climate
change: a review

LI Yijia', MA Junwei ', LI Yugian®, SHEN Xinyi', XIA Xinghui'

1 School of Environment, Beijing Normal University, Beijing 100875, China
2 Chinese Research Academy of Environmental Sciences, Beijing 100012, China

Abstract: Global climate change affects the processes and functions of terrestrial ecosystems
where soil microbial community plays a crucial role in almost all of the biogeochemical cycles.
Here, we reviewed the direct and indirect responses of soil microbial activities (e.g., soil
respiration and enzyme activities) and community structure to individual and multiple global
change factors, including elevated CO, concentration, warming, altered precipitation, and
nitrogen deposition. Besides, we summarized the mechanisms for the adaptation of soil
microbial community and the responses of functional microorganisms involved in soil carbon
and nitrogen cycle to climate change. Generally, these global change factors may have positive,
negative, or insignificant effects on soil microbial communities, and different functional
microorganisms also showed different sensitivity to them. Moreover, the interactive effect of
multiple global change factors on soil microbial community structure may be additive,
synergistic, or antagonistic. However, there is a paucity of research on the combined effects of
multiple global change factors, such as three, four, and even more factors. In addition, the
distribution of the studied areas is uneven, and studies involving various ecosystems with large
spatial and temporal scale are scarce. No comprehensive ecosystem model is available to
simulate and predict the effects of global change on soil microbial communities. Finally, we
summarized the research trends: (1) dynamic monitoring of soil microbial communities in
multiple ecosystems in large spatial scale for a long time involving multiple global change
factors, (2) the interaction of multiple global change factors, and (3) development of
comprehensive ecosystem model to accurately estimate the impact of global climate change and
factors’ interaction on soil microbial community. These will help to accurately predict the
response of ecosystem, especially soil microbial ecosystems, under future global climate change
scenarios, and lay a basis for the sustainable development of ecosystems.

Keywords: soil microbial community; climate change; warming; elevated CO, concentration; N
deposition; altered precipitation; interaction
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Table 1  Study on the effect of elevated CO, concentration on soil microbial community and function
Soil type Sample sites Experimental Conclusions References
setup
Farmland Changshu Agricultural OTC Elevated CO, concentration affected soil nutrient availability [15]
soil Ecology Experiment and C input by increasing plant root exudates, thus affecting
Station soil microbial metabolic activity
Farmland Changshu Agricultural OTC Elevated CO, concentration affected bacterial: Fungal [16]
soil Ecology Experiment biomass ratio by promoting the production of root exudates
Station including heterocyclic nitrogen compounds, phenolic acids
and phenols, and the biomass of active bacteria in soil
increased significantly
Forest Sky Oaks Field FACE With the increase of CO, concentration, the diversity of fungi [17]
soil Station in California increased, and the community change was closely related to
the fine root yield
Forest Changbai Mountain OTC The activities of soil urease, amylase, invertase, catalase, [18]
soil Forest Ecosystem polyphenol oxidase and dehydrogenase increased, while soil
Research Station protease and phosphatase activities decreased significantly
under high CO, concentration
Grassland Alpine steppes of OTC Elevated CO, concentration increased soil dissolved organic  [19]
soil Nagqu carbon content and enzyme activity, which increased soil
respiration; however, there was no significant effect on
microbial biomass and carbon use efficiency (CUE)
Grassland Temperate grassland  FACE Elevated CO, concentration for 5 years significantly reduced [20]
soil of south-eastern the abundance of archaea and increased the abundance of
Tasmania fungi in temperate grasslands; The abundance of Firmicutes
and Bacteroidetes increased significantly, meanwhile, the
community structure of microbial carbon functional groups
was changed
Grassland Cedar Creek FACE Elevated CO, concentration for long-term (>12 years) had [21]
soil Ecosystem Science different effects on functional genes related to soil nitrogen

Reserve in Minnesota

cycling, which stimulated the increase of gene abundance of
organic nitrogen metabolism and nitrogen fixation, and
reduced the abundance of genes related to glutamine

synthesis and anammox
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Table 2 Study on the effect of warming on soil microbial community and function
Soil type  Sample sites Conclusions References
Grassland High Plains Grasslands The effects of warming on the soil carbon dynamics of topsoil were [39]
soil Research Station in relatively weak, while those genes involved in denitrification and
Cheyenne, Wyoming ammonification were inhibited
Alpine Scrub Ecosystem  Warming alleviated the low temperature limiting effect of soil microbial [40]
Research Station of Aba  activity, promoted fine root turnover and decomposition, increased soil
available nutrient content, and increased soil microbial biomass carbon
and nitrogen
Garraf Natural Park, south The seasonal variation of soil moisture in Mediterranean climate region  [41]
of Barcelona caused obvious change of soil microbial community structure, and when
a sufficient amount of soil water was available, soil enzyme activity was
increased by warming
Forest Wauyishan National Park ~ Warming accelerated water evapotranspiration, reduced soil moisture [42]
soil and increased soil porosity, and accelerated gas exchange between

Harvard Forest Ecological
Research site,
Massachusetts

atmosphere and soil, which accelerated the process of soil organic carbon
mineralization and reduced the substrate availability, resulting in the
reduction of soil microbial biomass carbon

Warming affected the process of litter decomposition, resulting in a 23% [43]
increase of lignin content, which promoted the activity of

lignin-decomposing enzymes while cellulose-decomposing enzymes

were suppressed; and shifts in fungal community composition were
significantly correlated with the changes in extracellular enzyme

activities, in particular, ectomycorrhizal fungi were more abundant in the

heated treatment than the control
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Table 3  Study on the effect of altered precipitation on soil microbial community and function

Soil type Sample sites Conclusions References
Grassland soil Semiarid temperate steppe  The metabolic characteristics of soil microbial community were  [58]
of Inner Mongolia different in response to precipitation. The increase of

precipitation changed the mineralization rate of soil nutrients,

and then affected the metabolic activity of soil microorganisms
Desert steppe of Yanchi In water-deficient environment, precipitation increased soil [59]
County, Ningxia moisture, accelerated the leaching of litter, and promoted the

soluble matter in the surface litter and humus to enter the soil,

which increased the available substrate for microorganisms and

the activities of sucrase, urease and phosphatase
Hulunbuir Grassland Increasing precipitation did not affect soil respiration, and [60]

Ecosystem Research Station drought significantly reduced soil moisture; when the soil water

content was too low, the diffusion of soluble organic carbon was

hindered, bacteria and other microorganisms could not grow and

metabolize normally, thus inhibiting soil respiration

Forest soil Tiantong National Forest

Drought significantly altered fatty acid content that characterized [61]

Park bacteria biomass, but had no significant effect on the ratio of soil

fungi to bacteria, as well as the ratio of gram-positive bacteria to

gram-negative bacteria

Seasonal dry forest of
Oaxaca

Changes in precipitation could affect arbuscular mycorrhizal [62]
fungi (AMF), and the AMF infectivity and spore density were

higher in rainy season than that in dry season, but there were no

significant differences in AMF diversity
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Table 4 Study on the effect of nitrogen deposition on soil microbial community and function

Soil type Sample sites Conclusions References
Grassland Naqu Alpine Soil microorganisms prefer low molecular weight organic nitrogen and carbon [81]
soil Grassland and compounds after 5 years of nitrogen addition, which would depress the carbon
Wetland hydrolase and oxidase, and activate the urase. Nitrogen addition activated plants
Ecosystem and increased the absorption of phosphorus, which would improve the activity of
Research Station phosphatase. The changes in the plant property under nitrogen addition were the
most important factors for the soil enzyme at alpine steppe
Forest Tropical camphor The increase of nitrogen deposition promoted the decomposition of soil surface [82]
soil plantation of Jiu organic matter, resulting in the accumulation of organic carbon, and the activities
Jiang of sucrase, acid phosphatase and amylase decreased with the increase of soil depth
Temperate forest The chronic nitrogen (N) enrichment decreased the active fungi biomass, the diversity [83]
in central of ectomycorrhizal fungal community and the fungal: bacterial biomass ratios. This
Massachusetts shift in microbial community composition was accompanied by a significant reduction
in the activity of lignin-degrading enzyme and catabolic evenness
Wetland  Sanjiang Plain ~ There were significant differences in functional diversity of microbial communities [84]
soil Wetland at different nitrogen deposition treatments. The increase of nitrogen deposition

Ecological

would change soil physiochemical properties and the pattern of microbial substrate

Research Station use, thus resulting in the change of microbial community structure
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