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Proposal Title: Tree-stem methane and nitrous oxide emissions in a boreal forest: effects of water table and soil characteristics.

Application Reference N°: 6022
1) Purpose of the visit
The study aimed to quantify tree-mediated transport of methane and nitrous oxide in a boreal forest, Skogaryd, Sweden, dominated with Norway spruce (Picea abies) and characterised with different water table conditions (drained, intermediate and wet) and soil types (peat, organic and mineral). 
2) Description of the work carried out during the visit
 During the 15-day field visit, the following objectives were investigated: 

1) Investigate the presence or absence of methane and nitrous oxide emissions from Picea abies and evaluate the spatial and temporal variability.

Methane and nitrous oxide emissions from stems and needles of pine and spruce (both young and mature trees) were measured in the organic and mire site. In order to assess the spatial variability, methane emissions from 5 mature trees and 6 young trees each, from three sub plots, 5 m apart were measured in real time using the Los Gatos greenhouse gas analyser. Gas samples were also extracted using syringes from an additional 5 mature trees in each sub plots (15 trees in total) and transferred immediately to pre-evacuated exetainers for methane and nitrous oxide analysis using gas chromatography. Diel variations in methane emissions from four mature and young trees over a 24-hr period were investigated from the organic site. Short temporal variability was also assessed by measuring methane emissions from the same trees (both mature and young) on 5 different days in the organic site. Controls (temperature, PAR and water table depths) on tree-mediated methane emissions were also investigated during these days. 

2) Evaluate methane produced by the microbial consortium living within the tree trunks at different stem heights.

Once the methane emission measurements were concluded, wood samples were extracted using an increment corer (5.1 mm diameter) from all trees investigated for tree-mediated methane emissions from both organic and mire site. Two wood samples were extracted diagonally at 35, 75, 115 and 130 cm, one of them was immediately transferred to a 30 ml vial, capped and flushed with nitrogen for analysis of methane production potential and the other for microbial consortium analysis. 

3) Quantify the effects of water table fluctuations and soil characteristics on methane and nitrous oxide emissions from Picea abies. 

Tree-mediated methane emissions from young and mature pine and spruce was only measured from two sites with two different soil types (peat and organic soil), where the water table was near the soil surface and soil methane emissions could be detected either at the surface or at certain soil depths. Tree-mediated emissions from the drained mineral site could not be detected as the water table was less than 100 cm below the soil surface. 
4) Quantify ecosystem contributions of methane and nitrous oxide emissions from Picea abies relative to other emission pathways. 

As water table depths were lowest in the last 70 yrs, with water table levels 100 cm below the soil surface in the drained and intermediate sites, the ecosystem contributions of methane and nitrous oxide from pine and spruce could not be fully assessed. Although trees within 15 m of ponds and ditches were found to emit methane, trees found at higher elevation did not emit methane as tree roots failed to reach the water table. As the observation period was an atypical year and non-representative of the ecosystem in general, we decided to revisit this research question in the following years when the water table depth is at an average and representative level.    
   
3) Description of the main results obtained

Although gas samples collected using syringes and transferred into pre-evacuated exetainers are pending to be analysed, the real time analysis of methane during the 15-day field work highlights:

1) Both spruce and pine (mature and young trees) emit methane along the length of the trees from both the stems and needles. Methane emissions from needles were inconsistent, with both emissions and oxidation observed over the 5-day measurement period. 

2) Both mature and young pines emit more methane than spruce, with localised high stem methane emissions also observed.

3) Strong temporal variability with tree-mediated methane emissions from both young and mature pine and spruce were observed over the 5-day measurement campaign, with PAR and temperature greatly affecting the temporal variability. 

4) Less than 15% difference between day and night time stem methane emissions were observed from mature trees. In young trees (both pine and spruce), emissions from needles decreased to almost negligible emissions at night when compared to day time emissions and in some cases stem methane emissions from young trees increased at night when compared to day time emissions. Soil methane emissions also increased at night. 

5) Methane production was not observed in trees grown in organic and mire site and therefore it was concluded that emissions observed from stems and needles were not produced within the stems and methane produced in the soil was transported up the tree and emitted from the stems and needles of both pine and spruce.   

4) Future collaboration with host institution (if applicable)

After completion of the field work, I spent two days in Linkoping discussing future research opportunities. This pilot study has opened up several other research questions which warrants further investigations. Two projects (a masters and PhD project) have been currently advertised (a collaborative project between Open University and Linkoping University) with an aim to investigate seasonal and spatial variation of tree-mediated methane emssions under varying water table depths. These two projects will also help assess the ecosystem contributions of tree-mediated methane emissions.  
5) Projected publications / articles resulting or to result from the grant (ESF must be acknowledged in publications resulting from the grantee’s work in relation with the grant)
The data collected during this 15-day measurement campaign will be written up as a manuscript aimed to be submitted to Soil Biology and Biochemistry journal for publication. Contributions of ESF will be duly acknowledged. 
6) Other comments (if any)

