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Beyond growth?

The significance of microbial 
maintenance for carbon-use efficiency 

in the light of soil carbon storage



Microbial CUE: An ambiguous concept

Schimel et al. 2022 Soil. Biol. Biochem. 169; Manzoni et al. 2018 Biogeosciences. 15; Manzoni et al. 2012 New Phyt. 196  
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What we measure:

CUE 

U = uptake
A = assimilation
R = respiration
EX = exudation
G = net growth
CUE = carbon use efficiency
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 Apparent CUE ! 



Microbial CUE: An ambiguous concept

Schimel et al. 2022 Soil. Biol. Biochem. 169; Manzoni et al. 2018 Biogeosciences. 15; Manzoni et al. 2012 New Phyt. 196  

organic C

organic C
CO2

M
an

zo
ni

 e
t a

l. 
20

18
, m

od
ifi

ed

What we measure:

CUE 𝒈𝒓𝒐𝒘𝒕𝒉 

𝒓𝒆𝒔𝒑𝒊𝒓𝒂𝒕𝒊𝒐𝒏  𝒈𝒓𝒐𝒘𝒕𝒉

U = uptake
A = assimilation
R = respiration
EX = exudation
G = net growth
CUE = carbon use efficiency

 Apparent CUE 

What we should measure:

CUE 

 Actual CUE 



Question

What we measure:

CUE 𝒈𝒓𝒐𝒘𝒕𝒉 

𝒓𝒆𝒔𝒑𝒊𝒓𝒂𝒕𝒊𝒐𝒏  𝒈𝒓𝒐𝒘𝒕𝒉

 Apparent CUE 

What we should measure:

CUE 𝒈𝒓𝒐𝒘𝒕𝒉  𝒆𝒙𝒖𝒅𝒂𝒕𝒊𝒐𝒏

𝒓𝒆𝒔𝒑𝒊𝒓𝒂𝒕𝒊𝒐𝒏  𝒈𝒓𝒐𝒘𝒕𝒉  𝒆𝒙𝒖𝒅𝒂𝒕𝒊𝒐𝒏

 Actual CUE 

Quantitative differences in actual and apparent CUE?



Question

What we measure:

CUE 𝒈𝒓𝒐𝒘𝒕𝒉 

𝒓𝒆𝒔𝒑𝒊𝒓𝒂𝒕𝒊𝒐𝒏  𝒈𝒓𝒐𝒘𝒕𝒉

 Apparent CUE 

What we should measure:

CUE 𝒈𝒓𝒐𝒘𝒕𝒉  𝒆𝒙𝒖𝒅𝒂𝒕𝒊𝒐𝒏

𝒓𝒆𝒔𝒑𝒊𝒓𝒂𝒕𝒊𝒐𝒏  𝒈𝒓𝒐𝒘𝒕𝒉  𝒆𝒙𝒖𝒅𝒂𝒕𝒊𝒐𝒏

 Actual CUE 

Quantitative differences in actual and apparent CUE?

 CUE one of the most sensitive factor in soil C model!

Hyvönen et al. 1998 Soil Sci. Soc. Am. J. 62



Domeignoz-Horta et al. 2023 Global Change Biol. 29

Extracellular enzymes
Field site: Harvard Forest Long-term Ecological Research

Soil warming experiments:
• 13 years 
• 28 years

Treatments:
• ambient
• +5 °C

Sampling time:
• July 2019
• October 2019

Sampling depth: 0-10 cm

Analyses: 

• Microbial CUE (18O-water tracing)
• Enzyme activity (N-acetylglucosaminidase, phenol oxidase, peroxidase)

 Enzyme turnover
 Enzyme C pool size



Extracellular enzymes
Maintaining the existing exoenzyme pool (i.e. enzyme turnover)



Extracellular enzymes
Increasing the exoenzyme pool by 20 % (i.e. enzyme pool expansion)



Extracellular polymeric substances (EPS)

Olagoke et al. 2022 Biol. Fertil. Soil 58

Incubation experiment:

Pre-treatments:
• 1st pre-incubation to remove labile OM
• Removal of POM
• Aggregate crushing
• 2nd pre-incubation for microbial adaptation

Treatments:
• Clay addition: +0, +0.1, +1, +10 % clay
• Substrate addition: cellulose, starch, control

Sampling harvest: 
• Days 0, 3, 10, 20, 40, 80

Analyses: 

• Microbial biomass carbon
• Extracellular polymeric substances (polysaccharides, proteins)

• No cumulative respiration  CUEapparent assumed to be 0.10 – 0.80



Extracellular polymeric substances (EPS)

EPS-C = extracellular polymeric substances carbon
MBC = microbial biomass carbon

Results for:
• +1 % clay treatments
• Changes between day 0 and 3 in MBC + EPS



Extracellular polymeric substances (EPS)

EPS-C = extracellular polymeric substances carbon
MBC = microbial biomass carbon

Results for:
• +1 % clay treatments
• Changes between day 0 and 3 in MBC + EPS

 Non-growth metabolites can matter quantitatively for CUE
 Actual CUE is larger than apparent CUE
 We need to open the ‘black box’ of microbial physiology in soils
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Theoretical considerations

MGE = microbial growth efficiency


