
Microbial carbon accumulation efficiency: Assessing microbial 
carbon pump efficiency based on 13C-glucose amendment experiment

Wanjia Hu, PhD Candidate, supervised by Professor Xiaojuan Feng

Introduction
The process by which soil microbes transform labile organic matter into microbial residues

that are stably preserved in the soil is known as the "Microbial Carbon Pump" (MCP).

Accurately assessing MCP efficiency is crucial for understanding microbially mediated soil

carbon sequestration. Previous assessments based on microbial carbon use efficiency (CUE)

have primarily focused on living microbial biomass, while overlooking microbial residues,

thereby failing to accurately reflect MCP efficiency. To address this limitation, we propose a

novel approach to evaluate MCP efficiency by calculating microbial carbon accumulation

efficiency (CAE) using a ¹³C-labeled glucose addition experiment. This approach assumes

that glucose is rapidly consumed by microbes without interacting with soil minerals and

estimates CAE based on the amount of glucose-derived carbon retained in the soil at the end

of the incubation. However, the sorption of glucose to soil may lead to an overestimation of

CAE. Additionally, the variations in CAE and CUE across different ecosystems and the

underlying controlling factors remain unclear.

Materials and Methods
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 Conducting a ¹³C-labeled glucose addition experiment using 16 soil samples collected from

different ecosystems (Table 1) to investigate the sorption of glucose to soil.

 Using published data from ¹³C-labeled glucose addition experiments, we calculated both

CAE and CUE (Eq. 1–3) to explore their variations across ecosystems and identify the

potential controlling factors.
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COଶ_Cୋ represents the amount of CO₂ derived from glucose, Cୟୢୢୣୢ ୋ denotes the total amount

of glucose added, Residual Cୋ refers to the amount of glucose remaining in the soil, and MBCୋ

indicates the microbial biomass carbon derived from glucose.

Results and Discussion
 The sorption of glucose to soil can be considered negligible, allowing the calculation of

CAE based on the ¹³C-labeled glucose addition experiment.

 CAE and CUE exhibit distinct ecological patterns and are regulated by different factors. In

contrast to microbial CUE which is mainly regulated by factors influencing microbial

physiological processes (particularly substrate availability), CAE is jointly regulated by

factors that influence microbial growth (e.g., MBC and climate) and residue preservation

(e.g., clay content).
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Conclusion
Calculating CAE based on ¹³C-labeled glucose addition

experiments provides a novel and effective approach to assess

MCP efficiency. Given the observed decoupling between CAE

and CUE, incorporating CAE into soil carbon models may

offer new insights into predicting future SOC dynamics under

climate change.
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