
§Chronic warming directly affected microbial CUE, which was also 
negatively correlated with incubation temperature and substrate 
complexity. 

§Warming increased the proportion of mineral associated organic matter 
and reduced unprotected SOM and substrate availability, both of which 
positively related to CUE.

Climate warming accelerates the decomposition of soil organic matter 
(SOM). Several mechanisms have been proposed to mediate microbial 
carbon use efficiency (CUE) and soil C cycling. By taking soils from a 27-year 
warming site (+5 ℃), we examined the effects of physical protection, 
microbial physiology, and substrate complexity on microbial efficiency. 
Hypotheses:
• Warming reduces soil physical protection, substrate availability and 

enzyme production. 
• Warming reduces microbial activity and CUE, especially with more 

complex substrates.
• CUE is mainly mediated enzyme production, along with physical 

protection and substrate availability, over warming. 
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Materials and Methods

Soil: mineral horizon at Harvard Forest (MA, USA).
Laboratory experiments (24 h): 

Warming (control, +5 ℃), soil fraction (microaggregate and 
macroaggregate), temperature (15 and 25 ℃), and substrate complexity 
(H218O, glucose, cellobiose, cellulose; 50 µg C g-1). 

•Measurements: soil organic C (SOC), nitrogen (N), biomass C (MBC), 
respiration, soil DNA and 18O signature, enzyme activity.

•Statistical analysis: ANOVA and structure equation modeling.

Warming ⬇activity and CUE

Conclusions

§Chronic warming reduced soil substrate availability, microbial activity, but 
tended to increase the proportion of mineral associated organic matter.

§Chronic soil warming reduced microbial efficiency and turnover rate.
§Microbial efficiency declined with increasing substrate complexity and 

temperature.
§ Soil warming directly affected microbial efficiency, and indirectly affected it by 

altering soil structure, substrate availability, and microbial physiology.
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H1: warming ⬇enzyme activity, soil C, N

§ Warming did not affect soil physical protection, but reduced hydrolytic 
enzyme production, soil C and N. 

§ Oxidative enzyme production showed little variable responses to 
warming and little response to aggregate size. 

Mechanisms related to microbial CUE

Warming ⬆Q10 of CUE and turnover

§Microbial growth, CUE, and turnover were more temperature sensitive in 
heated soils and microaggregates, while respiration showed the opposite. 

§ The temperature sensitivity growth, CUE and turnover increased with 
substrate complexity, especially in macroaggregates. 

§Warming reduced microbial activity, CUE, and turnover rate. 

§CUE and turnover decreased with incubation temperature and substrate 
complexity, especially at low incubation temperature. 

Metagenomic and metatranscriptomic plan

Hypothesis:

• Warming increases the relative abundance of genes related to complex C 
cycling.

• Warming boosts the relative abundance of transcripts related to enzymes 
that break down complex soil C compounds.

• The degree of increases in relative abundances of functional genes and 
transcripts are greater in microaggregates than in macroaggregates. 

Expected results
• Explore how aggregate stability affects different functional genes, such as 

motility genes, and genes associated with biofilm formation, which has been 
proposed to play an critical role in aggregate formation and stability. 

• Compare enzymatic and metabolic pathways that are responsible for soil C 
cycling, providing evidence in explaining soil warming induced C loss from 
different aggregates. 
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