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Scientific report 
 
Summer School: Molecular and structural complexity of soil organic matter 
formation and turnover 
 
Dates: 25 - 30 March, 2012  

Location:  Kardinal-Döpfner-Haus, Freising, Germany 
 

 

Summary (up to one page) 

Soil organic matter (SOM) is involved in major soil functions and represents one of the 

largest reservoirs of organic C on the global scale. Fundamental knowledge on SOM fate 

and effect is thus mandatory in preserving, remediating and maintaining soil based 

ecosystem services under the conditions of global change. 

The school aimed at bringing together young and established scientists of different 

disciplines in soil science (biology, chemistry, physics, modeling) to interact in an 

interdisciplinary course related to studying SOM its formation, properties and function. To 

allow intensive communications between national and international experts and young 

scientists, the number of participants was limited to 33 participants selected from 78 

applicants. The course was organized by Technische Universität München and was 

sponsored by MOLTER (www.molter.no). Ten international experts provided insights into 

different disciplines in soil science as well as into modern analytical techniques that improved 

the understanding of processes in soil organic matter stabilization and turnover in recent 

years (see annexes: programme of the meeting and full list of speakers and participants). 

The special documents of the speakers (suggested papers and their lecture as well as 

special exercises) were provided to the participants via a password restricted download area 

on the webpage of the summer school (link: http://www.soil-science.com/index.php?id=239 ).  

Program overview 

 Soil system processes: SOM formation processes, microbial ecology, dissolved organic 

matter, nitrogen stabilization and turnover, vegetation fires, black carbon formation, SOM 

turnover in subsoils 

 Soil organic matter formation and properties at different scales: Aggregate 

formation, nanoscale characteristics, interfaces - surface charge - nanoscale 

 Modelling of SOM turnover 

 

http://www.molter.no/
http://www.soil-science.com/index.php?id=239
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Description of the scientific content and discussions at the event (up to four pages) 

Soils store at least three times as much carbon in soil organic matter (SOM) as is found in 

either the atmosphere or in living plants. The amount of C stored in a soil is determined by a 

dynamic equilibrium between C inputs from primary biomass production and C outputs by 

mineralization. Mineralization of organic C is inhibited by different stabilization processes. 

The interplay between theses processes is very complex, requiring an understanding of 

chemical, physical and biological interactions within the soils matrix.  

The aim of the summer school was to promote intensive communications between national 

and international experts and young scientists and to interact in an interdisciplinary course 

related to studying formation, stabilization and decomposition of organic matter in soils and 

to link processes operative on the molecular and organism scale to processes at and within 

biogeochemical interfaces in soils and to understand their functions across different scales.  

A research strategy for a better understanding of SOM stabilization processes must combine 

research on the molecular composition of SOM in specific soil fractions with the different 

methods that are now available for detailed describing SOM structure (e.g. 13C and 15N NMR, 

pyrolysis, X-ray spectrometry, SEM, Fourier-Transform Infrared Analysis, secondary ion-

mass spectrometry (SIMS), scanning electron microscopy with energy-dispersive X-ray 

analysis) and for quantifying pool sizes and turnover rates of SOM (14C dating, 13C and 15N 

natural abundances, compound-specific isotope data) to provide a measure for SOM 

stability, such as turnover times or the age of SOM. Improved knowledge of the size and 

fluxes of C from differently stabilized SOM pools is indispensable to predict C turnover in 

soils as a function of environmental changes. 

To bring together young and established scientists of different disciplines in soil science 

(biology, chemistry, physics, modeling) the number of participants was limited to 33 and a 

participants. A rigorous selection procedure was applied to select 33 participants. Evaluated 

was the letter of application, the knowledge in special topics, the home country and the 

institution of interested students. We had to disclaim 45 interested applicants.  

The poster sessions allowed the students to introduce them each other and to gain insight 

into their interest, competences and into the current theme of their work. 

The first group of topics was related to ‘Soil system processes’. On Monday, March 26, 

2012 the lecture ‘SOM molecular structure and formation processes’ of Prof. Ingrid 

Kögel-Knabner from Germany started with a detailed description of the molecular 

composition of organic material in soils including input material and cell wall components of 

plants and microorganisms as well as specific components of fungi and bacteria. She 

explained different degradation pathways and stabilization mechanisms of organic materials 
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in soils and showed results revealed by advanced techniques in soil fractionation and 

identification and origin tracing of functional groups and individual molecules. She concluded 

that soil organic matter stabilization is a multi-factor interplay of processes that are controlled 

by the complex parent material, texture, mineralogy, and pH and that are specific for different 

pedogenetic soil types and horizons. The second lesson was hold by Prof. Andreas Richter 

from Austria on ‘Soil microbial ecology - A primer in soil microbial ecology’. Prof. 

Richter introduced different methods to measure single microbial cells (e.g. FISH, rRNA, 

PCR), microbial communities (e.g. PLFAs, Meta genomics) and microbial diversity (e.g. 

(DGGE, Meta genomics). He summarized, that theories and methods to link community 

composition to processes and functions are still missing and that microbial functional types 

still await definition. In his outlook he drew the attention to a combination of life form 

concepts (domains, phyla) and the r/K selection theory that could be used as a step forward. 

In the afternoons Prof. Karsten Kalbitz form Netherlands presented the lecture ‘Cycling 

downwards – Dissolved organic matter in soils’. He demonstrated that dissolved organic 

matter (DOM) is a substrate and product of microbial activity and that it reflects the 

interaction of biotic and abiotic processes. To verify effects of changes in temperature and 

DOM retention (i.e. DOM input into the mineral soil, adsorption, (co-)precipitation) he 

prepared for the students an exercise based on an Excel file ‘Carbon stabilization by DOM 

an exercise.xls’ containing 4 different worksheets: Two worksheets explicitly highlight 

different stabilization processes (sorption, precipitation) and the other two worksheets 

demonstrated ways to describe/illustrate the relationships between temperature, DOC 

retention and carbon stabilization (temperature or DOC retention as the independent variable 

on the x-axis). The students had all data necessary for the calculations and an 

example/suggestion how to structure their calculations. 

On Tuesday, March 27, 2012, Prof. Pascale Boeckx from Belgium summarized in his 

lecture ‘Nitrogen stabilization and turnover’ the state of the art in tools, especially stable 

isotope natural abundance vs. tracer studies, to quantify in situ simultaneously occurring 

(internal) terrestrial N cycling processes and their future role in view of net primary production 

and climate change. Session 5 ‘All you ever wanted to know about fire-derived, 

pyrogenic organic matter (including biochar) - but were afraid to ask’ was hold by Prof. 

Michael Schmidt from Switzerland. He started with an input-talk of 30 minutes including 

time for questions. His major statements were: I. Fire derived organic matter is (almost) 

everywhere but not all char is created equal. II. Black carbon is a soil forming factor and a 

sink for carbon and nitrogen in ecosystems. III. Until now it is not clear if and how soil fertility 

benefits from biochar inputs. During the next hour the students had time to develop a 

research proposal. To prepare a case study already in February 2012 a handout ‘Shoot-out 

for a research fund – The most pressing question on fire-derived organic matter in the 
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environment’ was sent to the students. The handout described the procedure how students 

should develop a research proposal in individual groups and provided a list of relevant 

literature. The discussion happened in individual groups. After dinner each group of students 

had 4 minutes time to present their projects to a panel of senior scientists. The panel (Denis 

Anger, Daniel Rasse, Margit v. Lützow and Carolin Bimüller) selected the successful 

project(s), and the ‘research fund’ was given on site in ‘Swiss gold’ (Toblerone chocolate). 

The lecture ‘SOM turnover in subsoils’ by Prof. Cornelia Rumpel from France particularly 

highlight that subsoil SOM may participate in C and N cycles provided that fresh litter is 

available for microbial activity and microbial biomass has access to SOM.  

The second group of topics was related to ‘soil organic matter formation and properties 

at different scales’. On Wednesday, March 28, 2012 Prof. Kai-Uwe Totsche form 

Germany focused in his lecture to ‘Soil nano-architecture’. He particularly highlighted that 

soils are dynamic and hierarchically organized systems of various organic and anorganic 

constituents and organisms and their spatial structure defines a large complex and 

heterogeneous interface. He concluded that biogeochemical processes at soil interfaces are 

fundamental for the overall soil development and that they are the primary driving force for 

key ecosystem functions such as plant productivity and water quality. The lecture ‘The Link 

between soil organic matter stabilization and aggregate formation: Theory and 

application’ by Prof. Johan Six from USA comprised the three issues: I. Theory of 

aggregate dynamics. II. Applications e.g. aggregates as a tool to quantify effects of 

cultivation and III. incorporating aggregation into modeling. 

The third group of topics was related to ‘Modeling and SOM turnover’ and started on 

Thursday, March 29, 2012 with the lecture ‘Modeling Soil Organic Matter Turnover‘ by 

Prof. Daniel Rasse from Norway who introduced different one pool models and multi-pool 

models in particular Rothamsted and Century type models and a lignin turnover model that 

allow to compute fluxes, quantities or specific parameters in soil, to explore concepts and to 

simulate future outcomes of interests e.g. modelling of climate change. The final lecture was 

hold by Dr. Denis Angers from Canada on ‘Soil organic matter dynamics and 

sequestration in managed ecosystems’. Denis Angers showed by examples with case 

studies and meta-analyses how management factors can affect C sequestration. His lecture 

addressed the issues: Aggregate disruption, altered input conditions (quantity and quality) 

and altered depth distribution of soil organic matter and modelling of SOM turnover.  
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Assessment of the results and impact of the event on the future directions of the field 

(up to two pages) 

 

The poster sessions were not only ideal for the students to introduce them each other and to 

gain insight into their current theme of their work, moreover they were ideal to present and 

discuss their research with the speakers. Also the evening sessions were used as informal 

discussions with the students and experts in the Kardinal-Döpfner-Haus bar and had the 

motto ‘meet the experts’.  

The lectures were followed with very great interest. The students had the opportunity to ask 

numerous questions, to participate in active and dynamic discussions, to do exercises and to 

present their ideas.  

Furthermore the students had the possibility to visit in small groups the NanoSIMS 50L 

facility at the chair of soil science in Freising that was guided by Dr. Carsten Müller. 

Like our last summer school this summer school was a great experience for the students. 

The summer school ‘Molecular and structural complexity of soil organic matter formation and 

turnover’ was the second training event in the complex topic ‘organic matter in soil’. The first 

summer school ‘Soil organic matter- composition and turnover’ took place from March 16 – 

20, 2009 at the Kardinal-Döpfner-Haus in Freising, Germany and was organized by the 

Technische Universität München and sponsored by the DFG (German Research 

Foundation). 

 

 

Annexes: programme of the meeting and full list of speakers and participants 
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Schedule: SOM Summer School, Freising, Germany, March 25-30, 2012 

 
 8.15-10.00  

 
 10.30 – 

12.15 
 13.30-

14.30 
14.30-
15.00  

15.00-
17.15 

18.00 19.30-22.00 

Sunday       Arrival  Welcome/ 
get-together 

Monday Session 1 

 

Coffee  Session 2 Lunch Student 
posters 

Coffee  Session 3  dinner Evening 
session 

Tuesday Session 4 Coffee Session 5 Lunch Guided 
tour* 

Coffee Student  
posters 

dinner Evening 
session 

Wednesday Session 6 Coffee Session 7 Lunch Tour**     

Thursday Session 8 Coffee Session 9 Lunch Student 
poster 

Coffee  dinner Evening 
session 

Friday Session 10 Coffee Final 
session 

Lunch Departure 

 

 

Session Speaker 

 
Soil system processes 

1 SOM molecular structure and  
formation processes    Ingrid Kögel-Knabner, Germany 

2 Microbial ecology  Andreas Richter, Austria 

3 Dissolved organic matter  Karsten Kalbitz, Netherlands 

4 Nitrogen stabilization and turnover  Pascal Boeckx, Belgium 

5 Vegetation fires, black carbon formation  Michael Schmidt, Switzerland 

6 SOM turnover in subsoils  Cornelia Rumpel, France 

 

SOM formation and properties at different scales 

7 Soil nanoarchitecture    Kai Uwe Totsche, Germany 

8 The role of aggregation     Johan Six, USA 

 

Bringing it all together: modelling and managing SOM  

9 Modelling of SOM turnover    Daniel Rasse, Norway 

10 SOM dynamics and sequestration  
in managed ecosystems    Denis Angers, Canada 

Final session  

(wrap up, take home messages;  
what did you learn?) 

 

Ingrid-Kögel-Knabner 
Kai UweTotsche  
Daniel Rasse 

 

*Guided tour to historical surroundings (Mariendom), extra costs not covered by MOLTER 

**Tour to Munich (optional), costs at participants own expense 
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