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1. PUBLISHABLE SUMMARY FOR PROJECT ERICARB
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  Do carbon inputs from plants trigger the decomposition
   of soil organic matter by ericoid mycorrhizal fungi?
Gwen-Aëlle Grelet – g.grelet@abdn.ac.uk / GreletG@LandcareResearch.co.nz
Rationale, aims and objectives of the project: 
A major determinant of climate change is the rate at which carbon (C) accumulates in soils and whether they will switch from being a sink to a source. This depends on the fate of the C contained in soil organic matter (SOM), which is released into the atmosphere mostly through the activity of decomposer soil microbes. Recent evidence suggests that mycorrhizal fungi, living in beneficial association with the roots of most land plants, can also contribute to SOM decomposition. How much and under which circumstances mycorrhizal fungi decompose SOM is unknown. Their decomposing activity is thought to depend on the C-containing sugars they receive from their host plant. One view is that they use this plant-derived C as fuel to forage nutrients from SOM, thereby acting as “incidental” decomposers. This would imply that their decomposing activity is tightly linked to plant photosynthesis, and ultimately very responsive to environmental changes.
Earth’s soils emit as much as 10 times the amount of C released through the burning of fossil fuels. Over 2/3rd of global soil C store is held in Peatlands, boreal & Northern temperate forests. – in which mycorrhizal fungi of the ericoid type predominate. Understanding how ericoid mycorrhizal (ERM) fungi interact with soil C in these ecosystems is an essential step to predict future soil C behaviour, and ultimately, to predict the earth’s global C cycle.
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Tongariro National Park (TNP, fig.1) is one of the 25 mix cultural and natural heritage sites designated worldwide by UNESCO. It is located on the Northern Island of New Zealand, and is home to several, locally endemic species of plants such as those in the Dracophyllum genera. These are being dangerously outcompeted by heather (Calluna vulgaris), a plant imported from Europe and hosting ERM fungi in its roots. Notwithstanding its value from a biodiversity standpoint, the park represents a unique natural experiment with a well defined and described invasion gradient by ERM plant. It will be used as model system
 to (i) understand the role of ERM fungi in the context of invasion ecology and (ii) investigate the mechanisms regulating the decomposing activity of ERM fungi. The project uses both field and laboratory-based experimental approaches to address 3 specific objectives:
· Objective 1: To characterise the response of native ERM communities to Calluna invasion.
· Objective 2: To assess the impact of mycorrhizal fungi associated with Calluna roots on the decomposition of SOM, as compared to SOM decomposition under Dracophyllum
· Objective 3: To decipher the biotic/ abiotic drivers of the decomposing activity of mycorrhizal fungi.
Work undertaken since the beginning of the project and emerging results:
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Objective 1: ERM fungi can only be identified using their DNA barcode, which is analysed using a range of molecular techniques. To distinguish between differences in fungal communities due to heather invasion or inherent to spatial heterogeneity,
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           we conducted a spatially explicit sampling campaign in                 TNP (fig.2a), where we collected a total of 104 root systems of invasive (Calluna) and native (Dracophyllum) plant species. 
We also collected 140 additional root samples from 29 sites in the South Island of New Zealand , which have not yet been invaded by European heathers (fig.2b). DNA was extracted from all samples, and the fungal DNA barcode was amplified and analysed using Terminal Restriction Fragment Length Polymorphism (TRFLP) and Next Generation Sequencing (NGS). Our data show that root fungal communities differ between co-occurring native and invasive host plants in TNP. Moreover, the structure of native root fungal communities was significantly altered when Calluna density was higher. The ericoid mycorrhizal fungus Rhizoscyphus ericae originates from the Northern Hemisphere, and is known to possess a wide range of decomposing abilities. This fungus was detected in 1/5th of the total number of Calluna and Dracophyllum roots sampled in TNP. However, of the 140 roots samples collected in the South Island, only 6 samples tested positive for the presence of R. ericae, and these originated from sites located in the vicinity of tramping paths and closest to human settlements. Our data provide the first and most comprehensive coverage of ERM diversity in New Zealand, and shows that invasion of alien species such as Calluna impacts on native belowground biodiversity. 
Objectives 2 and 3 are addressed simultaneously using laboratory-based experiments (figure 3). We developed a novel methodological protocol to quantify the rate of soil CO2 efflux into the atmosphere at the cm scale, using a tuneable diode laser and the stable isotope 13C as a tracer for C released from decomposition of patches of soil organic matter. Intact plants, root systems and surrounding soil were collected from Tongariro National park and grown on the main research campus, outside, with minimal disturbance for 2 years. Custom-made compartments were installed to spatially isolate newly grown mycorrhizal fungi from host plant roots. The rate of soil organic matter decomposition was followed over the course of 2 months, after applying manipulative treatments exposing mycorrhizal fungi to increased nutrient availability, or cutting off the carbon supply (sugars) from their host plants. Measurements were taken separately in the presence of either Calluna, or one of the 2 native, woody plant species (inc. Dracophyllum). This experiment was designed to assess the effects of host plant species and mycorrhizal type on soil C decomposition, and how nutrient / plant C availability C regulates the decomposing activity of ERM fungi in situ. We found that both nutrient and plant C availability acted as driving forces of SOM decomposition. Calluna invasion also impacted on SOM decomposition under native Dracophyllum, suggesting a change in native soil microbes and/or chemistry.
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Expected final results and their potential impact and use 

Our project uses an ecosystem with world-wide acclaimed natural and cultural value as a model system, to assess whether invasion by alien species incur a loss of native biodiversity and ecosystem degradation, with particular emphasis on soil C turnover. Our field data will inform scientists and relevant conservation bodies, to help implement tighter controls on invasive alien species, in cases where the invasion, and resulting ecosystem degradation, appears facilitated by symbiotic organism(s). 
Our goal is also to elucidate the regulation of soil C decomposition by mycorrhizal fungi, and generate data to refine predictive models of soil C cycling in ecosystems such as coniferous temperate and boreal forests, and peatlands. These models are keys to reliable future projection of C accounting in the Land Use, Land Use Change and Forestry sector.


2. PROJECT OBJECTIVES FOR THE PERIOD
2.1.Overview of the project scientific objectives:

· Objective 1: Molecular characterisation of the response of Tongariro ericaceous mycorrhizal communities to invasion by Calluna.

· Objective 2: To compare the impact of ericoid mycorrhizal (ERM) and ectomycorrhizal (ECM) fungi associated with Calluna or Dracophyllum roots in the turnover of C contained in soil organic matter (SOM-C)

· Objective 3: To determine the extent to which ERM-mediated SOM decomposition is regulated by the availability of plant labile carbon (C) or is linked to ERM nutrient foraging activity. 
2.2. Overview of the project research milestones and status at the end of the reporting
 period:
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2.3. Overview of training objectives and status at the end of the reporting period:
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2.4. Summary of the recommendations from the previous reviews:
none

3. WORK PROGRESS AND ACHIEVEMENTS DURING THE PERIOD

3.1. Summary of progress towards research objectives and details for each task

3.1.1 Progress towards objective 1:

To account for inherent spatial heterogeneity, we increased our sampling effort in Tongariro National Park (TNP, in New Zealand North Island) from the originally planned 66 to 104 root systems. The sampling protocol was designed to test for differences in fungal communities between plant species (invasive versus native), for spatial patterns at the meter to kilometre scale within each species, and for significant impact of immediate presence / absence of invasive plant species (C. Vulgaris) on the fungal community hosted in the roots of native plant species (D. Subulatum).

By the end of the reporting period, all root samples have been processed all the way through to TRFLP analysis of fungal ITS-rDNA sequences (including processing for microscopic observations). Reference fungal cultures were also processed and analysed by Terminal Restriction Fragment Length Polymorphism (TRFLP) to provide fragments database to aid statistical analyses. Results from TRFLP analyses suggest possible co-invasion between Calluna vulgaris and the ericoid mycorrhizal fungus Rhizoscyphus ericae.

The first consequence of our results was to engage with New Zealand's Environmental Protection Authority to modify the fungal species list present in New Zealand and  request the inclusion of Rhizoscyphus ericae. The second consequence was that, to back-up our conclusion of fungus-plant invasion, we needed to assess whether this Northern fungal species could also been found in areas not yet invaded by European heathers. To do so, we conducted an additional sampling campaign (not described in Annexe I) including 29 sites covering most part of South New Zealand, and collected a total of 140 additional root samples from 2 native plant genera capable of forming ericoid mycorrhizal associations. All additional samples were processed as described above, and analysed by TRFLP and NGS (next generation sequencing). NGS analyses were contracted to IMGM Laboratories GmbH in Germany. This is a deviation from the original proposal, which was required because the original proposed sequencing facilities (collaborator UWS) were unable to conduct analyses on 454-FLX titanium platform.
Both field-sampling campaigns were financially supported by Landcare Research (capability fund) to cover travel and subsidence cost of student and technical assistance. 

3.1.2. Progress towards Objectives 2 and 3:

Built into objective 3 was the investigation of the fate of soil C released by the decomposing activity of mycorrhizal fungi, but not respired as CO2. We aimed to test the hypothesis that mycorrhizal fungi can take up C released from SOM and transport it from the site of decomposition to the site of mycorrhizal structures located within the plant roots. To address this hypothesis, we planned to develop a magnetic bead capture of fungal rRNA, in collaboration with Drs Pringle & Pearson from Harvard University (Cambridge, USA). The method development was delayed because of the disruptions caused by the 2010 and 2011 Christchurch earthquakes, and was therefore postponed until relocation to European host premises (Aberdeen). Once relocated to Aberdeen, the technical challenges of such methods could not be overcome. Parallel method development has been attempted in the laboratory of our collaborator Professor Ann Pearson (Harvard), but has so far not been taken to a stage where biological applications can be envisaged. This is a late major deviation from Annexe I, with repercussion both research and training objectives. To counter-balance the impact of this technological failure on the science excellence of this project, corrective measures were taken and are described in section 3.4. 
To complement the results of the magnetic bead capture of fungal RNA, we collected soil samples from all soil cores labelled with 13C from all plants included in the pot experiment (110 cores in total). Soil samples were destined to provide material for extraction of PLFA, and trace labelled C (13C) within the rapidly turning over cell membrane of the soil microbiota (13C-SIP-PLFA). All soil samples were therefore freeze-dried, milled and shipped to our collaborators in James Hutton Institute, Aberdeen. At the onset of this research fellowship, our collaborator had generously offered to subsidise the cost of the 13C-SIP-PLFA analyses. Because of the delays incurred in the implementation of the experiment and the collection of soil samples, changes in the financial forecast on our collaborator’s side prevented from going ahead with the analyses in the academic year 2012-2013. The samples are currently stored in Aberdeen and awaiting analyses in the coming academic year, but the results will not be available within the scope of the reporting period for this fellowship. Marie Curie funding evidently be acknowledged in any subsequent putative publications including data obtained from these soil samples.
3.2. Summary of the progress of training activities / transfer of knowledge activities / integration activities
Scientific training objectives:
I completed 4 of the 5 scientific training objectives due by the end of this fellowship, including intense hands-on training on the use of R for multivariate statistics, TFLP analyses, collection and isotopic analysis of soil CO2 efflux. In advance of schedule, I attended a 4-day course on phylogenetic analysis (including Bayesian statistics) and developed recognised expertise in molecular sequence data management and metagenomics analysis. This expertise can be demonstrated by my contribution to the development of a software tool (METAXA) for automated detection and discrimination among ribosomal small subunit (12S/16S/18S) sequences of archaea, bacteria, eukaryotes, mitochondria, and chloroplasts in metagenomes and environmental sequencing datasets, which will be used to analyse my own dataset. Whilst gaining hands-on experience and practice with molecular sequence data management, I updated and formatted the global ericoid-mycorrhizal ITS-DNA sequence database that I had compiled in collaboration with Dr Henrik Nilsson prior to starting work on the Marie Curie Fellowship. I publicized the existence of this database at the International Conference on Mycology 9 (IMC9, Edinburgh, August 2010). Following on from this conference, I was invited to incorporate several fields of this database to the UNITE database (http://unite.ut.ee/). This has now led to one joint publication (Tedersoo et al., 2011). Meta-data analysis of this database, combined with first results from molecular characterisation of ericoid mycorrhizal fungi of New Zealand, led to a presentation at an international conference in August 2011 (MSA, Fairbanks, USA). It also led to the publication of a review paper together with other members of the Ecosystem team at Landcare Research (Dickie et al. Plant and Soil). 

The 4th uncompleted training objective is linked to the development of the bead-capture technique and had to be abandoned because of insurmountable technological difficulties. It has been replaced by de-novo acquisition of theoretical and practical skills in whole genome analysis and annotation (see section 3.4). This is an area of science in full expansion, leading to increased number of career and funding opportunities. 
Successful training and delivery of results within the scope of these new milestones / objectives are evidenced by the public availability of 2 new fungal genomes on the JGI portal, as well as a presentation by the fellow at an international workshop held in Germany in July 2013 (see publication section for details).

Complementary training

Alongside ongoing hands-on experience on project planning & management (objective vi), preparation of reports & publications (objective vii), I attended at a 4-day course on research leadership addressing objective (viii) as well as all of the complementary skills mentioned above. I have also gained further experience in student supervision (objective viii), through supervision of 2 research postgraduate students involved with field sampling and molecular work.
Clearly my participation to international and national scientific conferences, as well as participation to the conference “Marie Curie Actions for an Innovative Europe” in Brussels (December 2010), demonstrates my commitment and success to improve my communication skills with other scientists and stake holders (objective ix).
Finally, to meet objective x, I prepared a grant application to NERC-UK at the end of 2011, to secure further funding and start building a research group by collaborating with apostdoctoral fellow. This application involved further collaborative work with the Pringle lab (Harvard partner) and with Francis Martin (INRA, France), and aimed to extend research activities directly aligned with those described in Annexe I, focussing on the fungal species Rhizoscyphus ericae which we have identified as a putative co-invader with Calluna in New Zealand. The grant application was prepared despite health problems (see below) and submitted in February 2012. Although feed-back on scientific merit and track record were positive, NERC decision was to deny funding. In April 2012, I contributed to a second grant application led by Francis Martin, aiming to secure funding from other sources (DOE, USA) to undertake some of the research activities proposed in the 1st application. The 2nd application was successful and contributed to provide additional funds for completion of new milestones and training objectives A & B (see section 3.4) in the final reporting period fo the fellowship. 
Transfer of knowledge and reintegration activities
I have supervised two post-graduate students, both in the outgoing and return phase of the fellowship. Both students are working towards a master degree in  a European country member of the E.C. (France and Polland). Additionally, since my return at the University of Aberdeen, I have been involved in the day-to-day laboratory guidance of PhD students. In the 1st semester of 2013, I contributed to lectures and practical teachings in the M.sc course “Biology and Ecology of Mycorrhizas course”, which was well received by the students. 

Preparation of 2 grant applications (as detailed above) have been aimed at securing funding to undertake research activities based in Europe.

3.3. Significant results and achievements:
3.3.1. Publications

In peer-reviewed journals:

Tedersoo L, Abarenkov K, Nilsson RH, Schüβler A, Grelet GA, Kohout P, Oja J, Bonito GM, Veldre V, Jairus T, Ryberg M, Larsson KH, Kõljalg U. (2011). Tidying up International Nucleotide Sequence Databases (INSD): ecological, geographical and sequence quality annotation of ITS sequences of mycorrhizal fungi. PLoS ONE vol 6(9) e24940.
Dickie IA, Martínez-García LB, Koele N, Grelet GA,  Tylianakis JM, Peltzer DA, Richardson SJ. (2013). Mycorrhizas and mycorrhizal fungal communities throughout ecosystem development. Plant & Soil 367: 11-39.
Public outreach publications

Decomposition of soil organic matter in heather dominated ecosystems. In: Our future http://www.ourfuture.net.nz/Stories/156
Publicly available databases


Whole genome sequences of fungi belonging to the Rhizoscyphus Ericae aggregate. http://genome.jgi.doe.gov/Melbi2/Melbi2.home.html and http://genome.jgi.doe.gov/Melva1/Melva1.home.html 
Manuscript in preparation for publication in peer-reviewed journals:
Grelet GA, Peterson P, Bolstridge N, Johnson D, Peltzer D, Dickie, IA. Weed invasion alters community structure and diversity of native ericoid mycorrhizal fungi. For submission to FEMS-microbial ecology.
Grelet GA, Tedersoo L, Bolstridge N, Pradinaud C, Dickie IA. Spatial structure of native ericoid mycorrhizal fungi in New Zealand: new insight in the co-evolution of root and symbiotic fungi. For submission to New Phytologist. 

Grelet GA, Zakharova A., Hunt J, Rogers GN, Millard P. Mycorrhizal decomposition of soil organic matter is nutrient limited. In preparation for Soil biology and biochemistry.

Grelet GA, Martino E, Perotto S, Pringle A, Martin F. The decomposing genetic machinery of ericoid mycorrhizal genomes. In preparation for a special issue of New phytologist scheduled for early 2014.

3.3.2. Presentations at national and international conferences:

Poster presentation: 

G.A. Grelet, R.H. Nilsson, D. Johnson, T. Vralstad, I.C. Anderson, I.J. Alexander. New insights into the identity and distribution of ericaceous root endophytes. International Conference on Mycology 9 (IMC9), Edinburgh, August 2010.
Grelet, GA. Does plant C regulate the decomposition of soil organic matter by ericoid mycorrhizal fungi. Marie Curie Actions for an Innovative Europe, Brussels, December 2010.
Platform presentations:

Grelet, GA. Plant-soil feed-backs: Do invasive plants alter soil C via mycorrhizal-mediated processes? Coordinating soil carbon research, Landcare Research - Lincoln, October 2010.

Grelet GA, Dickie IA, Smart C, Alexander IJ, Nilsson HR. Ericoid mycorrhizal fungi: surfing INSD all the way to New Zealand. – MSA annual meeting, Fairbanks, USA, August 2011.
Durall D, Grelet GA, Ren B, Alexander IJA and Taylor AFS. Linkages between taxonomy and ecology in root-inhabiting Mycena spp. . – MSA annual meeting, Fairbanks, USA, 2011.
Grelet, GA. Comparative analyses of the ericoid mycorrhizal genomes M. variabilis and M. Bicolor (Rhizoscyphus ericae aggregate). 3rd International workshop on Mycorrhizal Genomics: exploring the Genome diversity of mycorrhizal fungi to understand the evolution and functioning of symbiosis in woody shrubs and Trees. Leipzig July 2013.

3.3.3. Significant findings and outcomes:

· 1st record of fungus Rhizoscyphus ericae in New Zealand, likely imported into New Zealand with plant host Calluna vulgaris in the mid-1920s.

· Development of species-specific PCR primers for detection of Rhizoscyphus ericae.
· Development of high-throughput gas sampling and isotopic analysis protocol used for measuring 13/12 C isotopic content of soil CO2 efflux.

· Invasion by Calluna vulgaris causes ecosystem degradation in Tongariro National Park: changes in vegetation composition, fungal communities and soil C cycle.
· Native ericoid mycorrhizal communities are host-dependent and spatially structured.
· Global ericoid mycorrhizal ITS-rDNA sequence database freely available to others via UNITE (http://unite.ut.ee/).
· Availability of 2 new whole genome sequences of ericoid mycorrhizal fungi (only 1 had been published so far).
3.4. Deviations from Annexe 1 and corrective actions:
3.4.1. NGS sequencing
We had initially planned to carry out NGS analyses with our collaborator in Sydney, Australia (Hawkesbury Institute for the Environment, UWS), who have long-standing track record in ericoid mycorrhizal ecology. However the whole institute was moved to new buildings during 2012 causing their NGS facilities to be non-operational prior to our relocation to Europe. Furthermore the institute did not go ahead with its plan to offer 454-FLX titanium sequencing services. At the same time, emerging findings in this field of research showed that large biases may be introduced in diversity assessment when standard fungal PCR primers were used for NGS analyses, and new primers were published. Therefore we decided to delay processing of our samples by NGS analyses until suitable analytical facilities were located and new primers had been sufficiently tested.

Corrective action: We have been collaborating with Dr Leho Tedersoo (Estonia) who provided us with new, less biased primers for NGS sequencing. This was an opportunity to build on and strengthen a collaboration that has so far been successful as shown by our recent joint publication (Tedersoo et al., 2011 – see below for additional details). NGS analyses were conducted at IMGM Laboratories GmbH in Germany.
3.4.2. Technological failure of the development of magnetic bead-capture & SWIM analyses in Harvard (USA):

The development of the magnetic bead-capture required to undertake SWIM analyses was scheduled for the first reporting period. The method development proved to be very difficult because of the disruptions caused by the 2010 and 2011 earthquakes, and was therefore postponed until relocation to European host premises (Aberdeen). 
In its final stage of development, the technical challenges faced in this exercise were proven to be insurmountable. A species-specific primer was developed for detection of the presumed co-invasive fungus “Rhizoscyphus ericae”. This primer was found to be unsuitable as a probe for magnetic bead capture because of the secondary and tertiary structures formed after annealing with target DNA.
To counterbalance the loss of scientifically excellence incurred by this unavoidable technological impasse, I drew upon the established genomic expertise of the Pringle Laboratory (Harvard) and my collaboration with Dr Martin, which led to further funding from D.O.E. for whole genome sequence analyses. In collaboration with Drs Annegret Kohler & Francis Martin (INRA, France), and the Joint Genome Institute (D.O.E., USA), the whole genome sequence of 2 ericoid mycorrhizal fungi was obtained, and the whole genome sequence of a further 3rd species is under way. 
3.4.3. 13C-SIP-PLFA analyses:
The soil samples set aside for 13C-SIP-PLFA analyses were freeze dried, milled and shipped to our collaborator in Aberdeen (Dr Barry Thornton at the James Hutton Institute in Aberdeen). At the onset of this research fellowship, our collaborator had generously offered to subsidise the cost of the 13C-SIP-PLFA analyses. Because of the delays incurred in the implementation of the experiment and the collection of soil samples, changes in the financial forecast on our collaborator’s side prevented from going ahead with the analyses in the academic year 2012-2013. The samples are currently stored in Aberdeen and awaiting analyses in the coming academic year, but the results will not be available within the scope of the reporting period for this fellowship. Marie Curie funding will of course be acknowledged in any subsequent putative publications including data obtained from these soil samples. 

4. ADDITIONAL INFORMATION

None

5. DISSEMINATION ACTIVITIES

The table below summarises the main dissemination activities executed
	Type of activity
	End users
	Title

	Public database
	Other scientists
	Global ericoid mycorrhizal ITS-rDNA sequence database freely available on UNITE (http://unite.ut.ee/).
Whole genome sequence (http://genome.jgi.doe.gov/programs/fungi/index.jsf) 

	Public outreach publication
	Other scientists, conservation and governmental bodies, general public
	Decomposition of soil organic matter in heather dominated ecosystems. In: Our future http://www.ourfuture.net.nz/Stories/156

	Non-scientific Conference
	Members of the European Parlement, Members of the European commission (Directorate-General for Research and Innovation), European commission and other staff implementing the Marie curie Actions program, other scientists
	Grelet, GA. Does plant C regulate the decomposition of soil organic matter by ericoid mycorrhizal fungi. Marie Curie Actions for an Innovative Europe, Brussels, December 2010.        

	Scientific Conference
	Other scientists, Research students
	IMC9 2010, MSA 2011, 6th New Phytologist Workshop 2012, MGI workshop 2013. 

	Training
	School pupils, General public
	"Engaging Researchers: Science Communication and STEM Ambassadors Induction - Research Staff Development." September 2012.
“Research leadership programme for research staff.” Sept-Dec 2012.

	Teaching
	Master Students
	“Biology and Ecology of Mycorrhizas course” (PL5504)

	Student supervision and training
	Master & Engineer Students from France & Polland
	(1) diversity of ericoid mycorrhizal fungi of New Zealand / (2) development of species-specific PCR primer 


6. PROJECT MANAGEMENT
6.1. Project planning and status - from management point of view:

The University of Aberdeen have provided excellent project management, arranging the secondment agreements with both Landcare and Harvard. They have given the fellow updates on the budget and spend to date. They have arranged a method for reimbursement of participation expenses for Landcare and provided advice and practical help on all financial, contractual and legal aspects of the contract. 

6.2. Problems which have occurred, and how they were solved or envisaged solutions:
6.2.1. Scientific and technological difficulties

The development of the magnetic bead capture of RNA was proven to be technically too challenging. We developed species-species primers, but these were not suitable for use with magnetic bead capture. With its many challenging scientific objectives, the entire fellowship research proposal was very ambitious from the outset. Therefore we could not afford the time to re-iterate the development of alternative species-specific primers.

Nonetheless, the public profile of the fellow, her host institutions and the scientific excellence of the proposal has not be diminished, as we managed to secure further funding from the D.O.E. (USA) and through our collaboration with Dr Francis Martin, we have sequenced the genomes of 2 ericoid mycorrhizal fungi belonging to the same species complex originating for the Northern hemisphere and probably co-invading with its host plant Calluna vulgaris in New Zealand. The fungi sequenced are prevalent in most of Europe’s Northern temperate and boreal forests, as well as in many mountain ecosystems. They are also critical for the high yield of fruit production in Central and Eastern European crops (i.e. cranberries, bilberries, lingonberies) and for detoxification of sites with heavy load of metal pollution. 
6.3. Changes to the legal status of any of the beneficiaries, in particular, SME status:
N/A

6.4. Impact of possible deviations from the planned milestones and deliverables
Due to the postponement of the development of the magnetic bead capture method until relocation in Europe, it was necessary to also delay the fellow’s visit to Harvard until after the development of the method. The fellow spent 2 months in Harvard in March and June 2013. 

6.5. Development of the project website (if applicable):

N/A

6.6. Gender issues:

N/A

6.7. Ethical issues

N/A

6.8. Justification of subcontracting (if applicable):

Non applicable for this reporting period

6.9. Justification of real costs (management costs)

NA (charged flat rate)

6.10. Other
N/A
Figure 1: The scale of Heather (purple) invasion in Tongariro National Park





Figure 2: Location of root sampling in TNP (2a) and on NZ South Island (2b).





Figure 3: Sampling of 13C-labelled soil CO2 efflux under native species Dracophyllum (left) and quantification of 13C-CO2 using a Tuneable diode laser and a novel injection protocol (middle). Data (means±se) obtained (right) show the response of SOM decomposition to Calluna invasion ①, availability of mineral nutrients ② & plant C via mycorrhizal connections ③
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