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Department of

Biogeochemistry

In the Department of Biogeochemistry, research is 
focused on the microbial metabolism and its effect on 
biogeochemical matter cycles in soil, particularly on 
chemically well-defined processes e.g., the production 
and consumption of methane. The central research ques-
tions are: (1) which microbial taxa are responsible for a 
particular biogeochemical process, and (2) which is the 
genetic/physiological background for this structure-function 
relationship? The methodology includes chemical-analytical 
techniques, microsensors, application of stabile and radio-
active isotopes, isolation and physiological characterization 
of microorganisms and their metabolic function, and identi-
fication of microorganisms and their functional roles using 
cultivation-independent molecular-biological techniques, in-
cluding metagenomic and metatranscriptomic approaches. 
Field experiments are combined with greenhouse studies 
and experiments under controlled laboratory conditions.

The Department of Biogeochemistry has been headed by 
Prof. Dr. Ralf Conrad (methanogenic degradation and the 
microbial metabolism of trace gases). Prof. Dr. Andreas 
Brune (microbial ecology of insect guts and microbial sym-
bioses) and PD Dr. Werner Liesack (methanotrophic bac-
teria; environmental genomics and metagenomics) have 
been Research Group Leaders in the department. In March 
2017 Ralf Conrad officially retired as Director of the Depart-
ment of Biogeochemistry, and Andreas Brune and Werner 
Liesack became department-independent Research Group 
Leaders. They both have permanent positions and a have a 
guaranteed budget (including personal) for their research. 
Ralf Conrad acted as provisional director of the Depart-
ment from March till May 2017. With the beginning of June 
2017 Prof. Dr. Tobias Erb started as new Director, and the 
Department of Biogeochemistry was replaced by the new 
Department of synthetic Biochemistry.  

The scientific achievements and collaborations of the De-
partment of Biogeochemistry in 2016 and 2017 are found 
in the individual reports of A. Brune, R. Conrad, and W. 
Liesack. The plans of future research of the independent 
research groups of A. Brune and W. Liesack are also found 
in their respective reports.
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raLf ConraD

1991 – 2017  Director and Head of the Department of Biogeochemistry,  
Max Planck Institute for Terrestrial Microbiology, Marburg

2006 – 2013 Adjunct Professor, Chinese Agricultural University, Beijing

since 1993 Adjunct Professor (Microbiology), Philipps-Universität Marburg

1986 – 1990 Professor (Microbiology), Universität Konstanz

1985 Habilitation (Microbiology), Universität Mainz

1983 Postdoc (Microbiology), University of Wisconsin, Madison

1978 – 1985 Postdoc (Air chemistry), Max-Planck-Institut Mainz

1976 Dr. rer.nat. (Microbiology), Universität of Göttingen

1973 Diplom (Biology), Universität Göttingen

METhanogEnIC DEgraDaTIon anD MICrobIaL METaboLIsM of TraCE gasEs

We want to learn which groups of soil microorganisms are 
responsible for particular biogeochemical processes and to 
understand the reason why. For this purpose we investi-
gate biogeochemical processes involved in the exchange of 
climatically relevant trace gases (CH4, H2) between soil and 
atmosphere. A particular focus is on processes in flooded 
rice fields, which we have used during the last thirty years 
as a model system for studying biogeochemistry and ecol-
ogy of soil microbes. 

Our experimental approach includes analytical chemical 
techniques and isotopic tracer studies (14C, 13C) for investi-
gating the biogeochemical cycling of microbial substrates 
and effectors in soil. Another important experimental ap-
proach is the molecular characterization of rRNA genes 
and different protein-encoding genes for elucidating the 
composition of microbial communities, including transcript 
analysis and stable isotope probing (SIP) of DNA and RNA 
for the identification of metabolically active populations 
that incorporate 13C-labelled substrates.

Due to the retirement of Prof. Dr. Ralf Conrad in 2017, the 
size of the group decreased during the reporting period 
of 2016 and 2017. The former project groups of Dr. Mar-
tin Blaser and Dr. Guntars Martinson ended during the 
reporting period. The publications of M. Blaser (Bednarik 
et al., 2017; Blaser and Conrad, 2016; Breidenbach et al., 
2016a; Breidenbach et al., 2017; Chaudhary et al., 2017; 
Freude and Blaser, 2016; Fu et al., 2017) and of G. Martin-
son (Brandt et al., 2017; Kanaparthi et al., 2017; Martinson 
et al., 2017; Suleiman et al., 2017) are included in the 
reference list. 

The reference list also includes publications from former 
members of the department, which appeared in the re-
porting period; i.e., R. Angel (Angel et al., 2016), G. Braker 
(Behrendt et al., 2017; Brenzinger et al., 2017; Suleiman 
et al., 2017) and M. Dumont (Breidenbach et al., 2016b; 
Deng et al., 2016; Deng et al., 2017; Dumont, 2017; yuan 
et al., 2017).

The research of the group of R. Conrad focused mainly 
on the biogeochemistry of methane formation in rice field 
soils and other anoxic environments. In addition, it contrib-
uted to several research projects of colleagues outside of 
the Max Planck Institute as documented by publications 
(Angel et al., 2016; Cai et al., 2016; Deng et al., 2017; Her-
rmann et al., 2017a; Herrmann et al., 2017b; Liu et al., 2016; 
Liu et al., 2017b; Malghani et al., 2016; Vavilin et al., 2017; 
Wörner et al., 2016).
 
Effect of desiccation and flooding. We continued system-
atically investigating the effect of drying and rewetting on 
CH4 production and methanogenic microbial communities 
using terrestrial systems differing in the extent of inunda-
tion. Some of these studies had already been initiated 
in the last reporting period. These included rice fields 
in the Philippines that were transformed into rotational 
fields shifting between flooded rice in the wet season and 
non-flooded maize in the dry season (Breidenbach et al., 
2016a); rice fields in Thailand that were either flooded by 
irrigation or just by rain events (Reim et al., 2017); oxbow 
lakes in Amazonia that were almost permanently flooded 
(Ji et al., 2016). Newly initiated studies were on rice field 
and upland soil from the Sanjiang area in NE china, an 
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area which had been transformed from pristine wetlands 
into agricultural fields some 50 years ago (Hernandez et 
al., 2017). Another study concerned periodically flooded 
forest soils in the Cunia Reserve of Rondonia, Brazil (in 
preparation). Our studies showed that the structures of 
the methanogenic archaeal communities in the different 
soils were different. For example, diversity was maximal 
in paddy soils with regular change between flooded and 
dry conditions and was lower in soils that were either 
permanently flooded or dry during most of the time. Des-
iccation followed by rewetting almost generally resulted 
in an increase of the relative abundance of Methanosar-
cinaceae and Methanocellales or Methanobacteriales. 
The structures of the bacterial communities were com-
paratively less affected by drainage and reflooding, 
albeit there was a tendency that the relative abundance 
of endospore-forming Firmicutes was enhanced. In every 
case, methanogenic activity was preserved. However, 
activity either increased or decreased after reflooding. 
The reason for this different behavior is probably not a 
difference in the microbial community structures but in 
the chemical structure of the organic matter. This aspect 
deserves research. 

Microbiology of carbon turnover. We investigated three 
aspects. 
(1) We previously found that root exudation and/or deg-
radation of straw also affected the degradation of soil 
organic matter (the so-called priming effect). In order to 
differentiate whether the priming effect was caused by 
soil physicochemical or soil microbiological processes, 
sterile rice soil from China and from Uruguay was mutually 
inoculated with small amounts of the same or the other 
soil. The results showed that the priming effect, which was 
different in the two soils, was caused by the inoculums. 
Characterization of the microbial community structures of 
the two soils indicated that the difference in priming was 
due to specific microbial groups, Symbiobacter in particular 
(yuan et al., 2017). 

(2) We hypothesized that hydrogenotrophic methanogen-
esis increases when the organic carbon source becomes 
less available for decomposition. We checked this hypoth-
esis by incubating the soil repeatedly under methanogenic 
conditions. The results showed that the path of methane 
production indeed changed with decreasing availability of 
organic matter showing an increasing contribution of hy-
drogenotrophic methanogenesis. The community structure 
of the methanogenic archaeal and bacterial community 
and the network between individual microbial groups also 
changed (Ji et al., submitted). 

(3) Since propionate is next to H2 and acetate the most 
important primary fermentation product, we were inter-
ested in which respect this compound can be used by 

competing methanogenic and sulfate-reducing communi-
ties, and which are the most important sulfate-reducing 
species involved in competition (Figure 1). We found 
that propionate is indeed an intermediate undergoing 
competing degradation and that Syntrophobacteraceae 
were the crucial bacterial species (Liu and Conrad, 2017). 
Interestingly we found that Syntrophobacteraceae were 
also the most important acetate-utilizing sulfate reducers 
in Italian rice fields soil (Liu et al., 2017a). This result was 
unexpected, since Syntrophobacteraceae, albeit known to 
be able to utilize acetate, had not been considered to be 
involved in acetate turnover in the environment.

Figure 1 | Hypothetical model of propionate degrada-
tion under sulfidogenic conditions in paddy soil (SOM: 
soil organic matter)

Department of BioGeochemistryRalf Conrad

conrad
Cross-Out

conrad
Inserted Text
8



54

PubLICaTIons

Angel, R., Conrad, R., Dvorsky, M., Kopecky, M., Kotilinek, 
M., Hiiesalu, I. et al. (2016) The root-associated microbial 
community of the world’s highest growing vascular plants. 
Microb Ecol 72, 394-406.

Bednarik, A., Blaser, M., Matousu, A., Hekera, P., and Rulik, 
M. (2017) Effect of weir impoundments on methane dy-
namics in a river. Sci Total Environ 584-585, 164-174.

Behrendt, T., Braker, G., Song, G., Pommerenke, B., and 
Dörsch, P. (2017) Nitric oxide emission response to soil 
moisture is linked to transcriptional activity and fucntional 
microbial groups. Soil Biol Biochem 115, 337-345.

Blaser, M. and Conrad, R. (2016) Stable carbon isotope 
fractionation as tracer of carbon cycling in anoxic soil eco-
systems. Curr Opinion Biotechnol 41, 122-129.

Brandt, F. B., Martinson, G. O., and Conrad, R. (2017) Bro-
meliad tanks are unique habitats for microbial communi-
ties involved in methane turnover. Plant Soil 410, 167-179.

Breidenbach, B., Blaser, M. B., Klose, M., and Conrad, R. 
(2016a) Crop rotation of flooded rice with upland maize 
impacts the resident and active methanogenic microbial 
community. Environ Microbiol 18, 2868-2885.

Breidenbach, B., Brenzinger, K., Brandt, F. B., Blaser, M. B., 
and Conrad, R. (2017) The effect of crop rotation between 
wetland rice and upland maize on the microbial commu-
nities associated with roots. Plant & Soil in press, 419, 
435-445.

Breidenbach, B., Pump, J., and Dumont, M. G. (2016b) 
Microbial community structure in the rhizosphere of 
rice plants. Frontiers Microbiol 6, 1537-doi:10.3389/
fmicb.2015.01537 .

Brenzinger, K., Kujala, K., Horn, M. A., Moser, G., Guillet, 
C., Kammann, C. et al. (2017) Soil conditions rather than 
long-term exposure to elevated CO2 affect soil microbial 
communities associated with N-cycling. Frontiers Micro-
biol 8, 1976-doi: 10.3389/fmicb.2017.01976.

Cai, y. F., Zheng, y., Bodelier, P. L. E., Conrad, R., and Jia, 
Z. J. (2016) Conventional methanotrophs are responsible 
for atmospheric methane oxidation in paddy soils. Nature 
Commun 7, 11728-DOI:10.1038/ncomms11728.

Chaudhary, P. P., Rulik, M., and Blaser, M. (2017) Is the 
methanogenic community reflecting the methane emis-
sions of river sediments? - comparison of two study sites. 
MicrobiologyOpen 6, e454-DOI: 10.1002/mbo3.454.

Deng, y. C., Cui, X. y., and Dumont, M. G. (2016) Identifica-
tion of active aerobic methanotrophs in plateau wetlands 
using DNA stable isotope probing. FEMS Microbiol Lett 
363, fnw168-doi: 10.1093/femsle/fnw168.

Deng, y. C., Liu, y. Q., Dumont, M., and Conrad, R. (2017) 
Salinity affects the composition of the aerobic metha-
notroph community in alkaline lake sediments from the 
Tibetan plateau. Microb Ecol 73, 101-110.

Dumont,M.G. (2017) Primers - functional genes for methy-
lotrophs and methanotrophs. in Hydrocarbon and Lipid 
Microbiology Protocols (McGenity, T. J., Timmis, K. N., and 
Nogales, B., Eds.), pp. 57-77. Springer, Berlin

Freude, C. and Blaser, M. (2016) Carbon sotope fraction-
ation during catabolism and anabolism in acetogenic bacte-
ria growing on different substrates. Appl Environ Microbiol 
82, 2728-2737.

Fu, B., Conrad, R., and Blaser, M. (2017) Potential contribu-
tion of acetogenesis to anaerobic degradation in methano-
genic rice field soils. Soil Biol Biochem in press, -https://
doi.org/10.1016/j.soilbio.2017.10.034.

Hernandez, M., Conrad, R., Klose, M., Ma, K., and Lu, y. 
H. (2017) Structure and function of methanogenic micro-
bial communities in soils from flooded rice and upland 
soybean fields from Sanjiang plain, NE China. Soil Biol 
Biochem 105, 81-91.

Herrmann, E., young, W., Rosendale, D., Conrad, R., Rie-
del, C. U., and Egert, M. (2017a) Determination of resistant 
starch assimilating bacteria in fecal samples of mice by in 
vitro RNA-based stable isotope probing. Frontiers Micro-
biol 1331-doi: 10.3389/fmicb.2017.01331.

Herrmann, E., young, W., Rosendale, D., Reichert-Grimm, 
V., Riedel, C. U., Conrad, R., and Egert, M. (2017b) RNA-
based stable isotope probing suggests Allobaculum spp. 
as particularly active glucose-assimilators in a complex 
murine microbiota cultured in vitro. BioMed Res Int 2017, 
1829685-doi:10.1155/2017/182985.

Ji, y., Angel, R., Klose, M., Claus, P., Marotta, H., Pinho, 
L. et al. (2016) Structure and function of methanogenic 
microbial communities in sediments of Amazonian 
lakes with different water types. Environ Microbiol 18, 
5082-5100.

Kanaparthi, D., Reim, A., Martinson, G. O., Pommerenke, 
B., and Conrad, R. (2017) Methane emission from feather 
moss stands. Global Change Biology 23, 4884-4895.

Department of Biogeochemistry Ralf Conrad

conrad
Cross-Out



55

Liu, P. and Conrad, R. (2017) Syntrophobacteraceae-
affiliated species are major propionate-degrading sul-
fate reducers in paddy soil. Environ Microbiol in press, 
-doi:10.1111/1462-2920.13698.

Liu, P., Pommerenke, B., and Conrad, R. (2017a) Identifica-
tion of Syntrophobacteraceae as major acetate-degrading 
sulfate reducing bacteria in Italian paddy soil. Environ Mi-
crobiol in press, -doi:10.1111/1462-2920.14001.

Liu, y., Conrad, R., yao, T., Gleixner, G., and Claus, P. (2017b) 
Change of methane production pathway with sediment 
depth in a lake on the Tibetan plateau. Palaeogeogr Palaeo-
climatol Palaeoecol 474, 279-286.

Liu, y., Priscu, J. C., Xiong, J., Conrad, R., Vick-Majors, T., 
Chu, H., and Hou, J. (2016) Salinity drives archaeal distribu-
tion patterns in high altitude lake sediments on the Tibetan 
Plateau. FEMS Microbiol Ecol 92, fiw033-doi: 10.1093/
femsec/fiw033.

Malghani, S., Reim, A., VonFischer, J., Conrad, R., Kuebler, 
K., and Trumbore, S. E. (2016) Soil methanotroph abun-
dance and community composition are not influenced by 
substrate availability in laboratory incubations. Soil Biol 
Biochem 101, 184-194.

Martinson, G., Pommerenke, B., Brandt, F. B., Hohmeier, 
J., Bruneo, J. I., and Conrad, R. (2017) Hydrogenotrophic 
methanogenesis is the dominant methanogenic pathway 
in neotropical tank bromeliad wetlands. Environ Microbiol 
Reports in press, -doi:10.1111/1758-2229.12602.

Reim, A., Hernandez, M., Klose, M., Chidthaisong, A., yutti-
ham, M., and Conrad, R. (2017) Response of methanogenic 
microbial communities to desiccation stress in flooded and 
rain-fed paddy soil from Thailand. Frontiers Microbiol 8, 
785-doi: 10.3389/fmicb.2017.00785.

Suleiman, M., Brandt, F. B., Brenzinger, K., Martinson, G. 
O., and Braker, G. (2017) Potential N2O emissions from the 
tanks of bromeliads suggest an additional source of N2O 
in the Neotropics. Microb Ecol 73, 751-754.

Vavilin, V., Rytov, S., and Conrad, R. (2017) Modeling meth-
ane formation in sediments of tropical lakes, focussing on 
syntrophic acetate oxidation: dynamics and static isotope 
equations. Ecol Modeling 363, 81-95.

Wörner, S., Zecchin, S., Dan, J. G., Todorova, N. H., Loy, 
A., Conrad, R., and Pester, M. (2016) Gypsum amendment 
to rice paddy soil stimulated bacteria involved in sulfur 
cycling but largely preserved the phylogenetic composi-
tion of the total bacterial community. Environ Microbiol 
Reports 8, 413-423.

yuan, Q., Hernandez, M., Dumont, M. G., Rui, J., Fernandez 
Scavino, A., and Conrad, R. (2017) Soil bacterial community 
mediates the effect of plant material on methanogenic de-
composition of soil organic matter. Soil Biol Biochem 116, 99-1.

ThEsEs

PhD theses:
Aschenbach, Katrin (2016) Methanogene Lebensgemein-
schaften unter Stressbedingungen.

Vogel, Dirk (2017) Colonization of the rice rhizosphere by 
microbial communities involved in the syntrophic degrada-
tion of rhizodeposits fo methane.

TransfEr of knoWLEDgE/ConTaCTs 
To ThE busInEss WorLD
Nadicom, Gesellschaft für Angewandte Microbiology 
GmbH, Karlsruhe, Scientific Advisory Board.

DSM Nutritional Products, Basel, Research Collaboration.

ExTErnaL funDIng

DFG Collaborative Research center (SFB) 987 “Response 
of methanogenic microbial communities to desiccation 
stress in flooded soils”, 2012-2016, 158,000 €.

CoMMITTEE Work ouTsIDE MPIterMIC

DFG Fachkollegium 204 “Microbiology, virology and im-
munology”, 2012-2016.

EDITorIaL boarDs

Environmental Microbiology: Editorial Board.
Systematic and Applied Microbiology: Editorial Board.

InTErnaTIonaL & naTIonaL CooPEra
TIons WITh JoInT PubLICaTIons, 
 funDIng or PaTEnTs

Amnat Chidthaisong, King Mongkut University of Technol-
ogy Thonburi, Bangkok, Thailand.

Markus Egert, Furtwangen Universität, Villingen-Schwen-
ningen, Germany.
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Ana Fernandez Scavino, Universidad de Republica, Monte-
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Bo Fu, Jiangnan University, Wuxi, China.

Zhongjun Jia, Chinese Academy of Sciences, Nanjing, 
China.

Dheeraj Kanaparthi, Helmholtz Center, Munich.

yongqin Liu, Academy of Sciences, Beijing, China. 

yahai Lu, Peking University, Beijing, China.

Michael Pester, University of Konstanz, Konstanz, Germany.

Alex Enrich Prast, Universidad Federal, Rio de Janeiro, 
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Martin Rulik, Palacky University, Olomouc, Czech Republic.

Susan Trumbore, MPI for Biogeochemistry, Jena, Germany.

Vasily Vavilin, Russian Academy of Sciences, Moscow, 
Russia.
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InvITED LECTurEs & organIsaTIon of 
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Seminar, University of Konstanz, Feb 2016.

Int. Conference of the European Geophysical Union, Vienna, 
Austria, Apr 2016.

Seminar, University of Southampton, UK, May 2016.

Seminar, Linköping University, Sweden, June 2016.

Int. Conference on Sustainable Energy and Environment, 
Bangkok, Thailand, Nov 2016.

Lecture at the Elba Workshop of the MPI for Marine Micro-
biology, Elba, May 2017.

Lecture and Seminar, Peking University, Beijing, China, Oct 2017.

2nd Global Soil Biodiversity Conference, Nanjing, China, 
Oct 2017.

Seminar, Jiangnan University, Wuxi, China, Oct 2017.

Seminar, University of Greifswald, Nov 2017.

Int. Conference of the East and Southeast Asia Federation 
of Soil Science, Pattaya, Dec 2017.

sCIEnTIfIC aQarDs & ELECTED 
 MEMbErshIPs In 2016 – 2017
None
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Figure 2 | Group of Ralf Conrad
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