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…and the ORCAS… 
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• Novel sources 
 

• Novel processes 
 
• The potential physiological role of 

methane in organisms? 
 

• Source strengths - global upscaling? 
 

 

Other methane sources 

Other methane sources 



A view is seen from the Amazon Tall Tower 
Observatory (ATTO) in the middle of the Amazon 
January 8, 2015. REUTERS/Bruno Kelly 

The role of vegetation in 
global cycling of methane? 

So far not considered by the IPCC reports 
and most global budgets studies 
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Very first observations… 

Other methane sources 

The earliest laboratory study reporting an emission of CH4 from leaves was 
conducted… 
…in the late 1950's at the Academy of Sciences of Georgia (Tbilisi) on emissions 
of volatile organic compounds (VOCs) from leaves of willow and poplar tress 
(Sanadze and Dolidze, 1960). 
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First observations of methane formed 
anaerobically in living trees 

Methane Formation in Living Trees: A Microbial Origin 
J. G. Zeikus & J. C. Ward, Science 1974 

Ignited methane gas released from the tree through a 
increment borer  
Figure taken from Zeikus & Ward, Science 1974 

Other methane sources 



Keppler et al., Nature, 2006 

Some years later….in 2006… 



Ash (Fraxinus excelsior) 
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Typical emission rates at 30°C: 0.2 to 3 ng g(dw)-1 h-1 

Methane emission from dried leaves 
(without microbial contribution) 
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Keppler et al., Nature, 2006 Other methane sources 



Emissions of methane from intact 
living plants: 
10-100 higher (under laboratory conditions) 

Grass (Lolium perenne) 
9 plant species including C3 and C4, grown hydroponically or on soil 

Typical emission rates 12-370 ng g(dw)-1 h-1) 

Keppler et al., Nature, 2006 
Other methane sources 



First approach of global upscaling 

63 to 243 Tg (million tons) per year 

methane emitted by vegetation 
(living and dead plants) 

??? 
 

Most should come from tropical forests, savannas and 
grasslands 

not possible! 

Keppler et al., Nature, 2006 

Other methane sources 

85 Tg CH4 yr-1 as a more plausible limit 
Houweling et al.,  Geophys. Res. Lett, 2006 



...controversial discussion between 
scientists… 
 



Beerling et al., Global Change Biology, 2008 

Dueck et al., New Phytologist, 2007 

...controversial discussion between 
scientists... 
 



...controversial discussion between 
scientists continued… 



Wang et al., 2009, 2010, 2011 

Physical injury stimulates aerobic 
methane emissions from plants 

Other methane sources 



H3
13C S COOH

NH2

methionine (amino acid) 

CH4 

Feeding methionine with 13C labelled 
methyl group to lavender plants 
(Lavendula angustifolia) 

Lenhart et al., Biogeosciences, 2015 

Althoff et al., Nature Communications, 2014 



Vigano et al., Biogeosciences, 2008 

McLeod et al., New Phytologist, 2008 and Messenger et al., PCE, 2009 

reported emission rates were in the range of  1 to 650ng g(dw)-1 h-1 

UV-light increases methane emission from pectin 
and dry plant matter 

Effect of UV-B radiation on plant 
pectin 

O

O

H
HO

H

OHH

OCH3

O

  

Keppler et al., New Phytologist, 2008 



More than 60 experimental studies confirmed 
non-archaeal methane emissions from dead 

and living vegetation 

! 
Global emissions from plants are most likely smaller than 

the initial upscaling approach 

! 
Recently, Carmichael et al. (2014) estimated a range of global 
emissions from plants (including several aspects) in the range 

of 32 to 143 Tg yr-1 

Methane from plants (after 10 years) 

! 
Other methane sources 



Methane transport through plants… 

Methane anaerobically produced in soil and transmitted to the atmosphere by trees  

Results were scaled globally for flooded forest regions and estimated to be 60 ± 20 Tg year−1 

Other methane sources 



The role of trees/plants in CH4 cycling 
…very recent studies 

Methane emissions from the trunks of living trees on upland soils 
Wang, Z.-P. et al. (2016). New Phytol. 211, 429-439. 

Other methane sources 

2017 

microbial wood decay? 
 

plants per se? 
 

transport/transmission? 
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from Carmichael et al. 2014 

Potential CH4 emissions from  vegetation 

32 to 143 Tg yr-1 

Other methane sources 



Methane formation by fungi 
(Basidiomycota) 

P. sapidus 

L. sulphureus 

T. versicolor 

L. edodes 

H. fasciculare 

Other methane sources Lenhart et al., Nature Communications, 2012 



Results 
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Lenhart et al., Nature Communications, 2012 

Methane formation by fungi 
(Basidiomycota) 

Other methane sources 



 
 
 

  
 
  H3

13C S COOH

NH2

Methionine 

Methionine as a precursor of 
methane in fungi 

Feeding methionine with 13C labelled methyl 
group  

=> H3C- group is a CH4 precursor! 

Other methane sources Lenhart et al., Nature Communications, 2012 



68 samples from different climatic regions:  
lichens and mosses grown on trees, rocks, soil 

CH4 and N2O from cryptogamic 
covers  

Other methane sources 



Best estimates*: 
 N2O: 7,92 ng g-1 h-1 
 CH4:  0,28 ng g-1 h-1 
 CO2:  0,42 mg g-1 h-1 

 N2O:CO2-ratio: 0,000016 
 CH4:CO2-ratio: 0,0000007 

*geometric mean 

CH4, N2O and CO2 emissions from 
68 cryptogamic samples 

Other methane sources 

minor on a global scale  

Lenhart et al., Glob. Change Biol., 2015 

significant on a global scale  



Other methane sources 

1 

3 

2 

4 

CH4 sources in the plant-soil system 

1 Keppler et al. 2006, Methane emissions from terrestrial plants under aerobic conditions 
2 Lenhart et al. 2012, Evidence for methane production by saprotrophic fungi 
3 Jugold et al. 2012, Non-microbial methane formation in oxic soils 
4 Hackstein and Stumm 1994, Methane production in terrestrial arthropods 

Lenhart & Keppler, EGU conference, 2017 

Microbial CH4 consumption and CH4 production from various sources 

difficult to study in the field 
! 



Oceanic methane: sources and sinks 
→ potential role of marine vegetation 

Other methane sources 

marine 
Vegetation 



 
 

The ocean methane paradox 

Methane oversaturation in the upper water column e.g. in the Atlantic Ocean 

Forster et al., 2009  

Why? 

Other methane sources 



Methane formation from algae 
Emiliania huxleyi (coccolithophore) 



Emiliania huxleyi  
Cultivation under sterile conditions 
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Lenhart et al., Biogeosciences, 2016 



Tang et al., ES&T, 2016 

Methane oversaturation in 
oxic lake waters 

Other methane sources 

Why? 



Methane oversaturation in oxic lake waters 
Example: Lake Stechlin, Germany 

Why? 

(Summer, July 21 and 22, 2010) 



Althoff et al. 2014; Boros & Keppler, 2017; Bruhn et al. 2012; Carmichael et al. 2014; Keppler et al. 2006, 2009; 
Klintzsch 2015; Lenhart et al. 2012, 2015, 2016; Liu et al. 2015; Machacova et al. 2016; Wang et al. 2013, 2016 

Summary of novel terrestrial and 
aquatic methane sources: 
 “aerobic, non-microbial, non-archaeal…???” 



Methanogenesis (traditional) 

biomass burning 

serpentinisation 

archaea 

microbial 

plants 

decay of organic  
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chemical 
non-archaeal 

aerobic/oxidative  

anoxic 

soils 

dead 
plants 
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2017 

Eukaryotes  

algae 

Prokaryotes  

lichens 



Stable isotope values of CH4 from 
plants 
 In a similar range as what is known for microbial formation 

(isotopic composition from other novel sources are not known so far)  

Other methane sources Vigano et al., Atmos. Environment, 2009 



biomass burning 

serpentinisation 

decay of organic  
matter 

From https://contemplativepathways.files.wordpress.com/2012/08/cornwalls_glendurgan_lowres.jpg?w=640&h=480 

Pathways of methane formation in 
aerobic environments? 



Reactive oxygen species 
involved in CH4 generation 

designed by Andy McLeod Keppler et al., Environmental Chemistry, 2009 



Novel chemical pathway of CH4 
formation from organosulfur compounds: 
 

Althoff et al., Nature Communications, 2014 
Benzing et al., Angewandte Chemie Int. Ed., in revision 
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Ingredients: methionine, hydrogen peroxide, ascorbic acid and iron II  
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Summary & Outlook 
…for biochemists 

Other methane sources 

The physiological role of CH4 in plants? 



40 

Summary & Outlook 
…for biochemists 

There might be a physiological role of CH4 in 
humans/animals 

Other methane sources 

Boros & Keppler, 2017 
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Summary & Outlook 
Fluxes – regional/global 
 The role of forests/plants/eukaryotes 

in global cycling of CH4 
??? 

Other methane sources 



42 Other methane sources 

Methane in the biosphere 

…much more complex than previously thought… 
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Preindustrial CH4 patterns in ice 
cores… 

from Wolff & Spahni, 2007 
Other methane sources 
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"Dem Anwenden muss das Erkennen vorausgehen."  
    Max Planck 
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