
HAL Id: hal-04490273
https://hal.science/hal-04490273

Submitted on 5 Mar 2024

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution - NonCommercial - NoDerivatives 4.0
International License

Effects of temperature on microbial efficiency and
community composition in soils from different land uses

in a boreal climate
Tobias Bölscher, Lars Wadsö, Gunnar Börjesson, Anke M Herrmann

To cite this version:
Tobias Bölscher, Lars Wadsö, Gunnar Börjesson, Anke M Herrmann. Effects of temperature on mi-
crobial efficiency and community composition in soils from different land uses in a boreal climate. The
6th International Workshop on Soil and Sedimentary Organic Matter Stabilization and Destabilization
(SOM6), Oct 2014, Kiawah Island, United States. �hal-04490273�

https://hal.science/hal-04490273
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://hal.archives-ouvertes.fr


Sveriges lantbruksuniversitet 

Swedish University of Agricultural Sciences 

www.slu.se 

Lars Wadsö 
Lund University 
Building Materials LTH 
 

Gunnar Börjesson 
SLU 
Dep. of Soil & Environment 

Temperature effects on microbial efficiency and 

community composition in soils from different land uses 

 

Microbial efficiency is considered temperature insensitive in most soil organic matter models. But, recent laboratory experiments(1,2,3) and a model 
framework(4) suggest a decrease in microbial efficiencies with increasing temperatures. Though the magnitude of such a temperature effect may depend upon 
the quality of the substrate undergoing decomposition(1). Energy requirements are the driving force for microbial metabolism and thermodynamic efficiency 
indices have been proposed recently(5). Furthermore, a functional link was discovered between energy flows and microbial community composition in soils(6). 
This link indicates that community composition may not be functionally redundant with respect to microbial energetics and that a change in overall microbial 
efficiency may be triggered by a shift in composition of active microbial community. Our study aims to investigate effects of temperature on microbial 
efficiency by use of soils from various management systems and amendment with different substrates.  

 

1. Microbial efficiency decreases with increasing 
temperature. 

2. This decrease is due to a shift of active microbial 
community composition. 

 

• Heat production rates and microbial efficiencies show 
variations among temperatures (Fig. 1). 

• Alanine utilization tents lead to lower efficiencies than 
glucose utilization. 

• Presence of metabolic processes (i.e. maintenance, 
growth) differs quantitatively among temperatures: 

o Exponential growth dominates mainly at 20 °C 

o Maintenance dominates at 5 °C 

• These metabolic divergences may cause the found 
variations in microbial efficiencies. 

• Investigations of microbial efficiency should consider 
divergences in metabolic activities. 

• Microbial community composition differs primarily 
between the forest ecosystem (IV) and other land uses (I-
III) irrespectively of temperature (Fig. 2). 

• These differences are mainly higher abundance of gram-
negative bacteria and fungi in the forest soils. 

 

• Microbial efficiency is variable factor, sensitive to temperature when comparing the same 
incubation periods at various temperatures (here 32 h). 

• The variation in microbial efficiency may be triggered divergence in microbial activity, 
community composition, utilized substrate , temperature or a conglomerate. 

• We will investigate in the net step a possible links between microbial community 
composition (Hypothesis 2) as well as single metabolic processes to microbial efficiency. 

• Are variations of microbial efficiency actually relevant for climate change modelling? 

Figure 1: Microbial efficiencies and heat production rates of soils from four different land use management systems amended with either D-

glucose or L-alanine and incubated at 5, 12.5 and 20 °C for 32 h. Error bars show standard error (n=3). 

References: (1) Frey et al., 2013. Nat. Clim. Chang. 3, 1-4; (2) Tucker et al., 2013. Glob. Chang. Biol. 19, 252-263; (3) 

Steinweg et al., 2008. Soil Biol. Biochem. 40, 2722-2728; (4) Allison et al. 2010. Nat. Geosci. 3, 336-340; (5) Harris et 

al., 2012. Soil Biol. Biochem. 47, 149-157; (6) Herrmann et al., 2014. Environ. Sci. Technol. 48, 4344-4352. 

Figure 2: Principle component analyses of soil microbial communities by PLFA from four different land use management systems incubated at 5, 

12.5 and 20 °C. Arrows indicate main microbial groups driving differences in community composition among land uses. 
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Introduction 

Hypotheses 

 

• Soils from three agricultural farming systems (I-III) and 
one forest ecosystem (IV) under a boreal climate in 
northern Sweden  (63°49’N; 20°15’E) were examined. 

 
 
 
 

• Incubation of samples at 5 °C, 12.5 °C and 20 °C. 

• Calorimetric determination of heat  production after 
amendment with D-glucose and L-alanine for 32 h (5 g soil, 
WHC 65 %)  

 
 
 

• Analysis of  residual substrate. Glucose: enzymatic assay; 
alanine: HPLC analysis. 

• Microbial efficiency:  
1 − 𝑄𝑠𝑢𝑏𝑠𝑡𝑟𝑎𝑡𝑒

(Δ𝐻𝑐,𝑠𝑢𝑏𝑠𝑡𝑟𝑎𝑡𝑒 𝑎𝑑𝑑𝑒𝑑 − Δ𝐻𝑐,𝑠𝑢𝑏𝑠𝑡𝑟𝑎𝑡𝑒 𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙)
 

       Q = heat production; ΔHC = combustion enthalpy of substrate 

• Soil microbial community composition  via PLFA analysis.  
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