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Program 

Thursday, 14th November, 2019 

Session 1: Biodiversity, Global Change and Ecosystem Multifunctionality Pg # 

9.00-9.10 Welcome and introduction to symposium  

9.10-9.35 Richard Bardgett* Resilience of belowground communities to 
global change  

11 

9.35-10.00 Fernando 
Maestre* 

Biodiversity and multifunctionality in global 
drylands 

23 

10.00-10.15 Gaètane Le Provost Linking landscape biodiversity to to local-scale 
biodiversity and ecosystem function 

22 

10.15-10.35 Break  

10.35-11.00 Franciscka de 
Vries* 

Can we use plant traits to increase the 
resistance of agricultural systems to climate 
change? 

18 

11.00-11.25 Klaus Birkhofer* Soil Biodiversity and ecosystem functions in 
cereal farming systems under climate change  

13 

11.25-11.40 Jonathan Bennett Soil-mediated disturbance resistance 12 

11.40-12.10 Panel discussion Chaired by Sara Hallin  

12.10-14.00 Lunch  

Session 2: Soil Biodiversity and Ecosystem Functioning  

14.00-14.25 Peter de Ruiter* Why are there so many species in earth? 17 

14.25-14.50 Nico Eisenhauer* Land-use effects on soil organisms and 
processes in a future climate 

19 

14.50-15.05 Bernhard Schmid* Looking up: Biodiversity effects in forests 10 

15.05-15.25 Break  

15.25-15.50 Eric Allan*  Biodiversity and ecosystem multifunctionality 9 

15.50-16.15 Tom Crowther* Soil Biodiversity and Biogeochemistry of 
Terrestrial Ecosystems 

15 

16.15-16.30 Florine Degrune Unravelling the importance of regional and 
local factors as drivers of the biodiversity of 
Cercozoan communities in European cereal 
farming systems 

16 

16.30-17.00 Panel discussion Chaired by Matthias Rillig  

17.00-17.20 Poster Pitches  

17.20-19.00 Poster Session and apero  

19.00 Symposium dinner  

Session 3: Biodiversity and Agricultural Sustainability  

Friday, 15th November, 2019  

9.00-9.25 Claire Chenu*  Managing carbon storage in soils for 
sustainable agroecosystems 

14 

9.25-9.50 Matthias Rillig* Soil responses to multiple factors of global 
change 

28 
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9.50-10.05 Gina Garland Crop duration, not diversity, key for sustainable 
intensification of European cropping systems 

20 

10.05-10.25 Break  

10.25-10.50 Laurent Philippot* Benefits of plant controls on microbial 
nitrogen transformations for sustainable 
agroecosystems 

26 

10.50-11.15 Sara Hallin* Agricultural diversification supports 
biodiversity and multiple ecosystem services 

21 

11.15-11.30 Aurélien Saghai Changes in either plant or soil microbial 
diversity constrain plant microbiome selection 
and affect the potential for N2O emissions 

29 

11.30-11.45 Matthias Suter Species diversity enhances multifunctionality of 
sown grassland 

31 

11.45-12.15 Panel discussion Chaired by Fernando Maestre  

12.15-14.00 Lunch  

Session 4: Using and Applying Biodiversity for Agricultural Sustainability and the 
Environment 

 

14.00-14.25 Eva Reinhard* Integrating Biodiversity into Agricultural 
Policy: Opportunities and Limitations  

27 

14.25-14.50 Urs Niggli* Managing biodiversity in productive 
agroecosystems 

24 

14.50-15.05 Ian Sanders Using natural genetic diversity in mycorrhizal 
fungi to rapidly increase soil aggregation and 
alter carbon release from tropical soils under 
cassava cultivation in Africa and South America 

30 

15.05-15.25 Break  

15.25-15.50 Maarja Öpik* Arbuscular mycorrhizal fungi in agriculture 
and restoration: consider the species pool 

25 

15.50-16.05 Jasper Wubs Utilizing plant-soil microbiome interactions in 
terrestrial ecosystems: the whole soil-
microbiome approach 

33 

16.05-16.30 Marcel van der 
Heijden* 

How to manage our land? Impact of different 
agricultural practices on biodiversity, 
ecosystem multifunctionality and the 
environment 

32 

16.30-17.00 Panel discussion Chaired by Laurent Philippot  

17.00 End of symposium and concluding remarks  
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Directions for WLAN-usage     

Instruction sheet WLAN «gov-public» for guests  
 

You are a visitor in a federal administration building. You have your notebook with you 

and would like to access the Internet wirelessly in the rooms set up for this purpose 

(e.g. conference rooms). These instructions explain step by step how to connect to the 

Internet via WLAN "gov-public".   

 

Switch on the WLAN function on your device (different depending on laptop, smartphone etc.).  

 

Open the list or settings of the available networks (for Microsoft Windows in the menu bar at the 

bottom right).   

 

Select the WLAN "gov-public". Then click on "Verbinden". 

  

After a successful network connection, notes on further information required for authentication 

can be displayed. If your web browser (Internet Explorer, Firefox, Safari etc.) does not open 

automatically, please start the browser manually and select a known page (URL) on the 

Internet, e.g. www.admin.ch  (the federal intranet cannot be reached). 

 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

http://www.admin.ch/
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When establishing a connection to the Internet, you will be directed to an internal page for logging 

in or entering your existing account.  

 

 

If you do not have a guest account yet, you must 

register first.  

To register again, click on the link "Registration".  

  

A guided process will follow. 

  

  

  

  

  

  

 

 

Enter your email address and mobile phone number.   

Finish your entries by clicking on the "Register" field.  

  

You will then receive an SMS with your user name 

and access code (valid for seven days). 
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Enter your username (e-mail address) and access 

code.  

Read and confirm the User Agreement and click 

"Login". 

  

  

  

  

  

   

If you already have a long-term account, the registration process is not necessary. You can 

simply enter your username/access code and accept the user agreement.  

  

  

  

  

  

After that you are activated for the internet.   

  

 

 
 

  

Attention: The login for WLAN "gov-public" remains valid for seven days and will be deleted 

automatically afterwards. If you have any problems, please contact the employee you have 

visited or contact the lodge.  

If you have a valid account and restart the network connection with the device you are using 

before the end of the 7-day period, the WLAN system will sometimes recognise you and you will 

be taken directly to the desired page on the Internet without having to register.   

Employees have the option of ordering long-term accounts via MAC order. Please contact the IT 

department of your administrative unit.  
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Abstracts 

Oral 

 

Biodiversity and ecosystem multifunctionality 

 

Eric Allan 

 

A large number of experiments have shown that biodiversity is an important driver of ecosystem 

multifunctionality (the ability of an ecosystem to deliver multiple functions at high levels). 

However, in order to translate biodiversity-multifunctionality research to real-world ecosystems, 

we need to consider biodiversity loss as one aspect of global change impacts on 

multifunctionality. Global change drivers like land use intensification or invasive species can 

directly affect ecosystem functioning, for instance by altering abiotic conditions, or they can alter 

ecosystem functioning indirectly by changing biodiversity and species functional composition. 

The relative importance of these different factors for ecosystem multifunctionality is not well 

known. I present data from observational studies showing that indirect, biodiversity mediated, 

effects of global change are large but their importance depends on the functions considered and 

the environmental context. Direct effects and indirect effects of functional composition are also 

important drivers of multifunctionality. Interactions between direct and indirect effects are also 

plausible but are rarely considered as they are challenging to test for in observational studies 

with correlated variables. I therefore discuss results from an experiment manipulating a series of 

direct and indirect effects of nitrogen enrichment. The experimental results indicate strong 

interactions and substantial context dependency in biodiversity effects. Results from real-world 

and experimental systems both show that biodiversity is an important driver of multifunctionality 

but that there are multiple other mechanisms by which global change affects multifunctionality. 

We therefore need to embrace a more multidimensional view of global change, biodiversity and 

multifunctionality relations. 
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Looking up: biodiversity effects in forests 

 

Bernhard Schmid 

 

In natural ecosystems different plant species coexist and contribute to biomass production and 

other services. However, for almost 200 years forest scientists like agronomists believed in the 

advantage of monocultures over mixtures. Still today there is a belief that one can either 

maximize productivity or biodiversity, and that intensive forestry cannot be combined with 

sustainability and conservation. I will show with a case study that this belief is wrong and that 

huge gains could be made for carbon storage and climate mitigation if afforestation practices 

would be changed from monoculture to mixture plantings, protecting biodiversity and 

sustainability at the same time. To achieve these benefits, and scale them to relevant coverage, 

large research efforts are required, both looking up to the aboveground structures and 

interactions and below into the soil. 
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Resilience of belowground communities to global change 

 

Richard Bardgett 

 

A major challenge for advancing our understanding of the functional role of soil microbial 

communities is to link changes in their structure and function under climate change. To address 

this challenge requires new understanding of the mechanisms that underlie the capacity of below 

ground communities to resist and recover from climate extremes. In this talk, I will consider some 

of the factors that influence the resistance and resilience of soil microbial communities to climate 

extremes, with a focus on drought, and identify drivers that might trigger abrupt changes to 

alternative states. I will also highlight research challenges for advancing our understanding of the 

resistance and resilience of soil microbial communities to climate extremes, and of their 

vulnerability to transitions to alternative states. 
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Soil-mediated disturbance resistance 

 

Dr. John Bennett 

 

Plant diversity is critical to the functioning and stability of ecosystems. These relationships, 

however, are dependent on soil biota, which regulate carbon and nutrient flow. It is believed that 

increasing plant diversity enhances the stability of soil biota and associated ecosystem functions; 

however, this hypothesis has yet to be explicitly tested. We characterized soil food web structure 

across a plant diversity gradient in a long-term biodiversity experiment. We then subjected these 

soils to drought, freezing, and physical disturbance to test for stability in soil food web structure 

and function. Overall, high plant diversity resulted in soils that were dominated by fungi and their 

associated food web, which included more plant mutualists and fewer plant antagonists. When 

disturbed, the stability of soil biota and plant productivity was greater in soil from high plant 

diversity treatments. These effects were independent of any one functional group of soil biota, 

suggesting that an intact soil food web may be critical for maintaining ecosystem function. 

Despite the strong soil-mediated effects of plant diversity on the functioning of experimental 

systems, soil-mediated effects of plant diversity on the stability of ecosystem functioning are less 

well quantified for more natural systems. We are currently testing whether natural variation in 

plant diversity can enhance drought resistance in Canadian rangelands via changes in the soil 

microbial community. Results from this study are forthcoming. 
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Soil Biodiversity and ecosystem functions in cereal farming systems under climate change 

 

Klaus Birkhofer 

 

Soil organisms are pivotal for a range of ecosystem services that contribute to climate mitigation 

and food production in agroecosystems. The provision of soil ecosystem services in arable land 

partly depends on the intensity of agricultural management, but will in the future also be 

impacted by changes in precipitation patterns and soil carbon content. We established 

manipulative field experiments that simulated summer drought to identify the mechanisms that 

underlie the relationships between soil biodiversity and multiple ecosystem functions under 

drought conditions across large spatial scales. These links were studied in the context of varying 

levels of soil organic carbon content (Sweden, Germany and Spain) and in different long-term 

organic and conventional farming systems (Switzerland). Interception of 65% of the precipitation 

with rain-out shelters reduced soil moisture by a maximum of 11.1 percentage points compared 

to controls in Switzerland. Air temperature under the rainout-shelters differed little from the 

ambient control. Soil temperatures were slightly higher in periods of high ambient temperature, 

but remained basically unaffected in periods of low ambient temperature. AMF biomass was 

increased by simulated drought, with potential consequences for composition in Switzerland. 

Fungal and bacterial communities were generally very resilient to reduced precipitation levels. 

However, soil basal respiration increased with soil water content across countries. Archaea 

showed an opposite pattern with a decreasing abundance with increasing soil water content. Soil 

meso- and macrofauna responded to reduced precipitation with lower oribatid mite abundance, 

but higher abundance of insect larvae under simulated drought in Switzerland. Soil fauna feeding 

activity was lowest under simulated drought in Switzerland. Foliage-living arthropods, dry weight 

of shoots and the height of crop plants showed no strong response to simulated drought. These 

complex results suggest, that management practices and soil carbon content may have a stronger 

impact on soil biota compared to short term drought events. Nevertheless, the response of 

organisms most likely depended on their mobility and the size of rain-out shelter roofs, but with 

limited consequences for related ecosystem functions. 
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Managing carbon storage in soils for sustainable agroecosystems 

 

Claire Chenu 

 

Soil organic matter- and its main component soil organic carbon- is a key component of soil 

fertility, soil resistance and resilience to climate change and more generally of soil functioning. 

Hence, managing soil organic is an important lever of sustainable soil management. Managing 

soil organic carbon (SOC) encompasses affecting stocks, spatial SOC distribution in the soil profile, 

quality of soil organic matter and SOC turnover. A compromise has to been found between 

sequestering C for long times, which is most desirable to attenuate climate change, and storing 

C with short residence times, that is necessary for a number of soil functions and for sustaining 

biodiversity. We monitored soil carbon in a long-term experiment, comparing different cropping 

systems (conventional, low-input, organic, conservation agriculture) over 16 years. It showed 

that practices that increase C inputs to soil through additional biomass production (cover crops) 

would be more effective to store C in soil than practices, such as no-tillage, that are assumed to 

reduce soil organic matter mineralisation rates. Results also suggest that increasing C inputs to 

soil has more effect on soil biodiversity and soil structure than reducing pesticide application. We 

discuss the relative importance of the structure of microbial communities, the trophic resource 

and the microorganisms habitat characteristics in determining the mineralization rates of soil 

organic carbon. 
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Soil Biodiversity and Biogeochemistry of Terrestrial Ecosystems 

 

Tom Crowther 

 

Abstract coming soon. 
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Unravelling the importance of regional and local factors as drivers of the biodiversity of 

Cercozoan communities in European cereal farming systems 

 

Florine Degrune, Masahiro Ryo, Aurélien Saghai, Gina Garland, Sana Romdhane, Pablo Garcia-

Palacios, Chantal Herzog, Anna Edlinger, Laurent Philippot, Sara Hallin, Marcel van der Heijden, 

Matthias C. Rillig 

 

Soil protists have gained much interest over the past years as they play a decisive role in soil food 

webs. However, unlike bacteria and fungi, there is still a huge gap in our knowledge about the 

factors structuring their communities. Protists encompass unicellular organisms not only 

distantly related (polyphyletically), but also featuring a vast array of functional traits. This has 

limited our ability to study their structure at the community level, until recently. Here we used a 

machine learning approach to examine the importance of different regional (climatic) and local 

(soil biotic and abiotic) factors as key drivers of the biogeography of protistan communities, 

focusing on a major group of protist, the Cercozoa. From 217 soils samples collected during the 

intensive survey conducted at large spatial scale in Europe within Biodiversa research project 

“Agricultural Diversification: Digging Deeper”, we measured 67 environmental factors (soil, 

geography, climate), together with the diversity and composition of cercozoan communities. Our 

results show that Cercozoa are not randomly distributed and that richness and community 

composition of Cercozoa exhibit different biogeographical patterns, with cercozoan richness 

strongly structured by bacterial richness, and community composition strongly structured by 

fungal community composition together with climatic and geographic conditions. 
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Why are there so many species in earth? 

 

Peter de Ruiter 

 

This question relates to one of the most fundamental questions in understanding life on earth, 

i.e. “Why are there so many species on earth?”. Which can be rephrased as “Why are there so 

many species almost everywhere we are: oceans, forests, fresh water streams, lakes, ... and 

soils”. One answer is “niche differentiation” powerfully counteracting the Darwinian concept of 

competitive exclusion and survival of the fittest. But this explanation alone did not satisfied all of 

us. In the middle of the last century Robert MacArthur argued that “Biodiversity begets stability”: 

when a species is part of a species-rich community, it will be better able to withstand 

environmental change and disturbance because of buffering effect through the complex network 

of biological interactions with other species in the community. Twenty years later, the “Diversity 

begets stability” concept gained enormous momentum through the theoretical work by Robert 

May showing that aspects of biological complexity, i.e., the number of species and the frequency 

of interactions among the species, constraints stability. The apparent contradiction between the 

notion of MacArthur and the model results of May has been a central focus of ecology ever since. 

The models of May represent communities with random types of interactions (predator–prey, 

competition, facilitation, mutualism, commensalism) with random strength of the interactions, 

i.e. not based on empirical observations. Our approach has been to rebuild and reformulate the 

random kind of May’s models by including essential information from real soil food webs. Aim of 

the research was to investigates what kind of model modification leads to a more positive 

relationship between biological diversity and community stability. Results show that it is the 

organisation of energy pools (population biomasses) and fluxes (feeding rates) that significantly 

enhance stability, relieving the stability constraints as occur in the models of May. The analysis 

of soil food webs along a succession gradient, with different levels of complexity, and the 

application of the approach to a broad class of food webs compiled from the literature, shows 

that by including energetic organization highly complex communities become similarly stable as 

less complex ones. Our future research will focus on including temporal and spatial variability, 

which we think may further bridge the gap between the complexity constraints towards the 

notion of MacArthur: “Biodiversity begets stability”. 
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Can we use plant traits to increase the resistance of agricultural systems to climate change? 

 

Franciska de Vries 

 

Abstract coming soon. 
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Land-use effects on soil organisms and processes in a future climate 

Nico Eisenhauer 

 

Global environmental changes affect soil organisms, which are responsible for a plethora of 

ecosystem functions and services in terrestrial ecosystems. However, we know remarkably little 

about potential interactive effects of different global change drivers on the functioning of 

ecosystems. In this context, it is particularly relevant to understand how our management 

decisions influence the biodiversity and ecosystem functions under future climate conditions. 

Biodiversity-ecosystem function theory predicts that biodiverse ecosystems should provide 

higher and more stable levels of ecosystem functions under variable environmental conditions. 

However, how such basic ecological knowledge can guide management decisions is matter of 

current debate. For instance, low-intensive management is suggested to maintain higher levels 

of biodiversity and a more sustainable provision of ecosystem services than high-intensity 

management. 

We test this hypothesis in the framework of a large-scale field experiment that simulates two 

major global change drivers: land-use type and future climatic conditions, simulated by altered 

precipitation regimes (reduction in summer, addition in spring and fall) and warming. The land-

use types included intensively and extensively-used meadows, extensively-used pasture, 

conventional cropland and organic cropland. We explored the responses of a range of soil 

organisms and processes in repeated samplings across all seasons. For instance, soil microbial 

respiration and feeding activity of soil invertebrates was assessed every three weeks over a 

period of two years, as rapid ecosystem assessment methods to obtain high temporal resolution 

of soil responses. We expected intensive land use to have the most detrimental effects on soil 

biodiversity and ecosystem functions under future climate conditions.  

Across response variables, land-use type had the strongest effect, with reduced soil biodiversity 

and ecosystem functions in croplands in comparison to grasslands. Future climatic conditions 

reduced soil biological activity across virtually all sampling dates, but detrimental effects were 

most pronounced during dry soil conditions in summer. We observed few interaction effects 

between land use and climate, suggesting that land-use effects were similarly strong under 

ambient and future climate conditions. Moreover, we found that land-use intensity and climate-

change effects on soil communities act via different mechanisms: while intensive land use 

reduced the biomass of soil invertebrates by decreasing population sizes, future climate reduced 

soil invertebrate biomass by favoring smaller individuals. Taken together, these results suggest 

that common low-intensity land-use types may indeed benefit soil organisms. However, 

additional management actions might be necessary to mitigate the consequences of climate 

change. 
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Crop duration, not diversity, key for sustainable intensification of European cropping systems 

 

Gina Garland, Anna Edlinger, Samiran Banerjee, Florine Degrune, Pablo García-Palacios, David Sánchez 

Pescador, Chantal Herzog, Sana Romdhane, Aurélien Saghai, Ayme Spor, Cameron Wagg, Sara Hallin, 

Fernando T. Maestre, Laurent Philippot, Matthias Rillig, Marcel G.A. van der Heijden 

 

As the global population expands, finding ways to promote crop production while minimizing 

environmental degradation is of upmost importance. Many studies in natural systems have shown 

positive effects of plant diversity on ecosystem multifunctionality through the promotion of soil microbial 

diversity, yet far less is known about whether this is true in agricultural systems with diverse crop species 

rotations. Here we assessed the impact of crop diversification on yield and multiple functions related to 

soil quality (i.e. soil multifunctionality, SMF) via effects on soil microbial diversity. For this endeavor, we 

sampled 155 fields across a North-South European gradient. The influence of environmental and 

anthropogenic on soil microbial diversity, SMF, and crop yield were assessed using structural equation 

modeling. Overall, we found little influence of crop diversity on microbial diversity, SMF, or yield. In 

contrast, we found that all three of these factors were significantly and positively influenced by the 

proportion of time with crop cover, regardless of its diversity. Notably, we found that SMF was not directly 

linked with crop yields, showing the disconnection between these two goals in agricultural systems. 

Instead, we found that crop yields were primarily driven by management intensity, crop cover and 

bacterial diversity, while SMF was mainly driven by environmental factors. Our results indicate that 

increasing the proportion of time with plant cover in a given rotation has the potential to contribute 

towards both of these goals simultaneously, while also providing habitat which can promote soil microbial 

diversity. In summary, we found that SMF and yield are not necessarily complementary, and thus care 

must be taken by farmers and land managers to balance the provision of food with environmentally 

beneficial functions and services.  
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Agricultural diversification promotes multiple ecosystem services without compromising yield  

 

Giovanni Tamburini, Riccardo Bommarco, Thomas Cherico Wanger, Claire Kremen, Marcel G.A. 

van der Heijden, Matt Liebman and Sara Hallin 

 

Mainstream farming has dramatically impacted the environment, jeopardizing the ability of 

agroecosystems to deliver goods and services. Agricultural diversification is a crop production 

strategy which relies on principles of ecological intensification, promoting biodiversity and 

ecosystem services to reduce agronomic inputs while maintaining high crop yields. However, a 

comprehensive assessment of the effects and potential trade-offs of diversification practices on 

biodiversity and related ecosystem services is lacking. Here, a qualitative systematic review of 98 

meta-analyses and a quantitative second-order meta-analysis based on 5,188 original studies 

comprising 44,022 comparisons is presented. Agricultural diversification enhanced biodiversity, 

nutrient cycling, soil fertility and water regulation without compromising crop yields, relative to 

simplified cropping systems. Most often, agricultural diversification resulted in win-win outputs, 

supporting the provisioning of multiple services while maintaining high levels of crop yields. 

However, the variation in service responses and the occurrence of trade-offs highlights that 

solutions are context-dependent and that much work remains to identify effective locally 

adapted practices. The strategic adoption of diversification practices shows promise to 

contribute to local and global food security and to reach several of the UN Sustainable 

Development Goals. 
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Linking landscape biodiversity to local-scale biodiversity and ecosystem function 

 

Peter Manning & Gaëtane Le Provost 

 

Biodiversity-ecosystem functioning experiments have shown consistently positive effects of 

species richness on ecosystem functioning. To date, most of these studies have focused on local-

scale relationships and have neglected many aspects of spatial biodiversity dynamics. As a 

consequence, we know little about how the larger scale configuration of biodiversity affects 

individual ecosystem functions or the simultaneous provision of high levels of multiple functions 

(i.e. ecosystem multifunctionality). Using a unique and comprehensive database from 150 

German grasslands, we assessed and quantified the relative role of local and landscape 

biodiversity, their interactions with surrounding land use and the spatial configuration of these 

features in driving a wide range of above- and belowground processes and functions. We found 

that the effects of the surrounding land use and biodiversity were as strong as local drivers known 

to impact ecosystem functioning. Our study emphasizes the importance of considering larger 

scale factors when investigating biodiversity-ecosystem functioning relationships. 
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Biodiversity and multifunctionality in global drylands 

 

Fernando T. Maestre 

 

Substantial research efforts are being devoted in the last decades to understand how biodiversity 

attributes such as species richness, composition and diversity affect ecosystem functioning and 

the provision of ecosystem services. However, most of this research has been carried out in 

ecosystems other than drylands, which cover ~45% and host over 40% of the global population. 

In this lecture I will summarize the results of recent and ongoing studies evaluating how multiple 

biodiversity attributes (functional, taxonomical and phylogenetic diversity) modulate the 

capacity of dryland ecosystems to provide multiple ecosystem functions simultaneously 

(multifunctionality) across environmental gradients. Overall, the results obtained indicate that 

biodiversity is a key driver of multifunctionality in drylands worldwide, and may partially buffer 

the negative effects of ongoing climate change on ecosystem functioning in these water-limited 

ecosystems.  
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Managing biodiversity in productive agroecosystems 

 

Urs Niggli 

 

Abstract 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



25 
 

Arbuscular mycorrhizal fungi in agriculture and restoration: consider the species pool 

 

Maarja Öpik 

 

Soil biodiversity, its micro- and macrobiota, is increasingly recognized as provider of important 

functions of nature to the humans. These services of ecosystems range from maintaining clean 

air and water to supporting aboveground biodiversity and landscape diversity and to sustainable 

food and fodder production. Arbuscular mycorrhizal (AM) fungi can be considered as keystone 

members of soil microbiota because of their functions to plant nutrition, environmental and 

biotic stress mitigation and soil health maintenance. Therefore, there is increasing focus on the 

application of AM fungi in agriculture, restoration and conservation, including both direct 

inoculation with fungi as well as fostering growth and functioning of existing, indigenous species. 

I will summarise current knowledge on the biodiversity of AM fungi in natural and anthropogenic 

systems from local to global scales. Further, I will explore how anthropogenic activities including 

current agricultural practices influence AM fungal performance, and how this in turn relates to 

crop yield. Next, I present results on application of AM fungi to restore important nature value 

habitats, as well as revegetate abandoned mines. I will conclude by looking into how the 

knowledge of indigenous and natural AM fungal diversity and performance contributes to the 

wellbeing of both nature and humans. 
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Benefits of plant controls on microbial nitrogen transformations for sustainable 

agroecosystems 

  

Laurent Philippot 

 

Nitrogen is the major nutrient limiting plant growth in terrestrial ecosystems. The transformation 

of inert nitrogen to forms that can be assimilated by plants is mediated by soil microorganisms. 

However, global cycling of nitrogen has transgressed a critical threshold: the amount of 

atmospheric N2 industrially converted into ammonia to produce fertilizers now exceeds that 

produced from all of the Earth’s terrestrial biological processes. This excess reactive N from 

fertilizer use poses a threat to soil, water, and air quality due to nitrate leaching and emission of 

N2O, a potent greenhouse gas. The last decade has witnessed significant advances in 

understanding of plant-microbe interactions and in this talk, I will illustrates the various routes 

by which plants actively influence the availability of nitrogen forms in soil through an array of 

interactions with most nitrogen-cycling microbial guilds.  This knowledge is invaluable for 

improving plant nitrogen acquisition, while minimizing nitrogen inputs and losses in sustainable 

agricultural systems. 
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Integrating Biodiversity into Agricultural Policy: Opportunities and Limitations 

 

Eva Reinhard 

 

Abstract coming soon 
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Soil responses to multiple factors of global change 

 

Matthias Rillig 

 

Soil ecologists have been studying effects of many drivers of global change, but typically only one 

or two factors at a time. Using a microcosm experiment, we explored the concomitant effects of 

multiple global change drivers on soil properties, processes and biodiversity. Results suggest 

negative effects with an increasing number of drivers, highlighting that it is important to shift 

focus towards examining higher-order interactions in global change research. 
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Changes in either plant or soil microbial diversity constrain plant microbiome selection and 

affect the potential for N2O emissions  

 

Aurélien Saghaï, Daniel Graf, Lea Wittorf, Ming Zhao, Georg Carlsson, Christopher Jones, Sara 

Hallin 

 

Agriculture intensification reduces the complexity of plant communities and is characterized by 

high N losses, especially through large emissions of the greenhouse gas N2O. Increasing both 

above and belowground biodiversity is often presented as a solution to mitigate such losses. The 

rhizosphere is a hotspot for N cycling, and harbors microbial communities that are mainly shaped 

by a combination of edaphic and plant-derived factors. However, the interactions between roots 

of different plant species and the community composition and structure of the surrounding soil 

can also influence plant microbiome selection. Understanding how they affect the establishment 

of the microbial communities is crucial, as the only known biological sink for N2O is its reduction 

to nitrogen gas by bacteria and archaea.  

Here, we present data from two studies looking at the effect of (i) plant diversification, in terms 

of intercropping between a legume and a grass species, and (ii) soil bacterial diversity loss on the 

potential for N2O emissions in the rhizosphere. We show that the presence of the legume 

influenced the composition of the grass rhizosphere, which led to decreased genetic potential 

for N2O reduction and higher N2O production rates in the rhizosphere of the grass species during 

intercropping compare to sole cropping. In barley, the reduction in bacterial diversity promoted 

the assembly of rhizosphere communities with the genetic potential to act as N2O sinks. Our 

findings indicate that there is no straightforward relationship between biodiversity and N2O 

emission potential. 
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Using natural genetic diversity in mycorrhizal fungi to rapidly increase soil aggregation and alter 

carbon release from tropical soils under cassava cultivation in Africa and South America 

 

 

Diego Camilo Peña-Quemba; Alia Rodriguez; Thomas Walker, Chelsea Chisholm, Ian R Sanders 

 

 

Closing the gap between current and required food production, while mitigating anthropogenic 

carbon emissions to the atmosphere, is a major constraint to sustainable agriculture. Arbuscular 

mycorrhizal fungi (AMF) can act as stabilizers of soil structure through physical and chemical soil 

aggregation by encapsulating organic carbon within aggregates and protecting it from microbial 

activity. This is particularly important in tropical soils where carbon emissions from agriculture 

are much greater than in temperate regions. 

 

One of the most important crops in the tropics is cassava because it feeds almost a million people 

daily. In a series of extensive field trials in Colombia, Kenya and Tanzania, we have demonstrated 

exceptionally large differences in cassava root yield when inoculated with novel AMF isolates 

generated using naturally occurring genetic variation. This suggests that carbon dynamics 

belowground could be greatly altered by newly developed AMF strains.  

 

Here we demonstrate for the first time that inoculation of cassava in tropical soils with novel 

AMF lines leads to surprisingly large and rapid alterations in soil aggregation, that follows 

different patterns at different soil depths. Furthermore, we show the differential effects of these 

inoculants on respiration by roots and microbes in the soil and the release of CO2 to the 

atmosphere. The most striking results are: 1. That even highly related fungal strains with almost 

no detectable genetic differences lead to enormous differences in root productivity, soil 

aggregation and CO2 release. 2. The amount of fungus added once at planting is extremely small. 

Given that this is added to an already established and very diverse community of bacteria, fungi 

and AMF, it highlights just how delicate and susceptible the soil is to rapid positive, as well as 

negative, structural changes through the application of microbial inoculants.  

 

Our results show the large potential of designing AMF to reduce carbon emissions by increasing 

carbon sinks and stabilizing soil structure while increasing food production. At the same time our 

results highlight how delicate and susceptible tropical soils may be to the addition of microbial 

inoculants that could stabilize or destabilize the soil structure.  
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Species diversity enhances multifunctionality of sown grassland 

 

Matthias Suter, Olivier Huguenin-Elie, Andreas Lüscher 

 

Legume-based grassland systems provide several key functions for the provision of high quantity 

and quality forage at low to moderate nitrogen (N) fertiliser input. We investigated species 

diversity effects and multifunctionality in an intensively managed grassland. A diversity 

experiment was set up with sown monocultures and mixtures comprising Lolium perenne L., 

Dactylis glomerata L., Trifolium pratense L., and Trifolium repens L., and was maintained for three 

years at 50, 150, and 450 kg N ha-1 year-1 (N50, N150, N450, respectively). Ten functions were 

measured that represented above- and belowground ecosystem processes and services: i) forage 

production (aboveground biomass yield (µ), standard deviation of yield (σ), temporal stability 

(µ/σ), weed biomass), ii) N cycling (symbiotic N2 fixation, N efficiency, NO3 in soil solution), and 

forage quality (crude protein content (CP), organic matter digestibility (OMD), metabolisable 

energy (ME)). We applied a multivariate linear mixed-effects regression framework to estimate 

simultaneously species identity and diversity effects for the ten functions along with effects of N 

fertilisation. This method allows jointly regressing all assessed functions. We then used the mean 

log response ratio (LRR) across all functions to evaluate the diversity-multifunctionality 

relationship. 

Across the three years, all functions regarding production and N cycling revealed significantly 

enhanced performance in the 4-species equi-proportional mixture (used as a reference) 

compared to averaged monocultures (‘overyielding’). At N150, the reference mixture had 61% 

more biomass yield, 8% less variation, a 68% increase in stability, 81% less weed biomass, 96% 

and 46% higher symbiotic N2 fixation and N efficiency, respectively, and a 87% reduction in NO3. 

The reference mixture and averaged monocultures did not significantly differ in CP, OMD (g kg-1 

yield), and ME (MJ kg-1 yield). This, however, resulted in significant overyielding between 49% 

and 68% in all three forage quality functions on a hectare basis (kg or MJ ha-1 year-1). Increased 

N fertilisation generally reduced beneficial mixture effects. Overall, the use of grass-legume 

mixtures enhanced the performance of all measured functions, without trade-off between them. 

On average across functions, the four-species reference mixture had 1.9, 1.8, and 1.6 times the 

performance of averaged monocultures at N50, N150, and N450, respectively, indicating 

enhanced multifunctionality in mixtures. 

The applied multivariate framework in combination with the mean LRR as a measure of overall 

multifunctionality proved an effective tool for the comprehensive evaluation of the diversity-

multifunctionality relationship. We conclude that sown grass-legume mixtures at moderate N 

fertilisation sustain high multifunctionality and, compared to monocultures, enhance levels of 

individual functions that jointly promote sustainable forage production. 
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How to manage our land? Impact of different agricultural practices on biodiversity, 

ecosystem multifunctionality and the environment. 

 

Marcel van der Heijden, Florian Walder, Raphael Wittwer, Judith Riedo, Cameron Wagg, Franz 

Bender, et al. 

 

 

One of the primary challenges of our time is develop sustainable farming systems that can feed 

the world with minimal environmental impacts. Some studies argue that organic farming systems 

are best because they have minimal impact on the environment and are positive for biodiversity. 

Others argue that no-tillage systems are better because they have the potential to save energy 

and preserve soil structure and quality. A third group argues that conventional farming systems 

are best because yield per hectare is highest. However, so far, systematic comparisons of major 

arable production systems are rare and often it is difficult to compare the advantages and 

disadvantages of farming systems in a systematic way due to differences in soil/site 

characteristics and management. Here I will present data of a farmers network (60 fields) and 

data of the Swiss Farming Systems and Tillage Experiment (FAST), where we compare the 

environmental and agricultural performance of the main Swiss/European arable production 

systems (organic agriculture, conventional agriculture and conservation agriculture (no tillage)). 

I will demonstrate the effects of these different farming practices on crop yield, yield stability, 

pesticide occurrence, soil health, soil quality, soil biodiversity and soil microbial communities 

(microbiomes). I will also present experiments where we demonstrate that soil biodiversity and 

microbiome complexity play an important role in agro-ecosystems and drive ecosystem 

functioning. Finally, I present the concept of soil ecological engineering, where we test different 

ways (e.g. addition of cover crops, field inoculation with beneficial soil fungi and compost 

application) to enhance agricultural sustainability by integrating management practices that 

reduce reliance on fertilisers and pesticides with minimal impact on yield. 
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Utilizing plant-soil microbiome interactions in terrestrial ecosystems: the whole soil-

microbiome approach 

 

E.R. Jasper Wubs 

 

Plant and soil biodiversity are intimately linked and their continuous reciprocal interplay strongly 

determines terrestrial ecosystem functioning in natural as well as agroecosystems. Plant-soil 

microbiome associations are highly context specific, including in response to plant species and 

genotypes, but also environmental conditions. Therefore, situation specific solutions will have to 

be found. Optimization of plant-soil microbiome interactions can occur via changes in the plant 

(e.g. mixed cropping), the abiotic environment (e.g. via organic substrate addition), as well as, by 

directly manipulating soil microbiome composition. 

In this talk, I will highlight the role that artificial laboratory selection and diversity play in restoring 

plant and ecosystem functions. Next, I will present lessons learnt from large-scale and long-term 

soil inoculation experiments in both natural and agroecosystems. Based on these lines of 

evidence I will argue that in order to effectively manage our ecosystems we need to integrally 

manage whole soil microbiomes, and the plants they associate with, for optimal ecosystem 

functioning. 
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Poster 
 

 

How are soil microbial community functions and composition affected by soil disturbance and 

seed addition at different land-use intensities in temperate grasslands? 

 

Anna Abrahão, Runa S. Boeddinghaus, Sven Marhan, Ali Nawaz, Tesfaye Wubet, Ellen Kandeler 

 

The mechanisms underlying the generation of biodiversity and whether we can achieve higher 

ecosystem multifunctionality by increasing species biodiversity are still largely unanswered 

questions. A simple procedure to increase the plant diversity in grasslands is through sward 

disturbance, which creates open patches and allows seedling establishment from the seed bank 

or from seed sowing. The speed of recovery of the plant biomass from sward disturbance is 

highest in fertile soils at high land-use intensity, but little is known on how the soil microbiota, 

which mediates important ecosystem functions such as nutrient cycling and plant nutrition, 

responds to the interplays between land-use intensity, sward disturbance and seed addition. We 

investigated how microbial biomass, community composition and enzyme activities were 

affected by an initial disturbance and seed addition in 2014 in ten real-world farming systems in 

SW-Germany. Of these, five were under high- and five were under low-management intensity 

(fertilized and non-fertilized sites), and were yearly monitored from 2015 to 2018 within the 

Biodiversity Exploratories (www.biodiversity-exploratories.de). We found that microbial biomass 

and potential enzyme activities were higher in sites with higher land-use intensity (fertilized 

sites). The two microbial groups did not respond the same way to the different treatments. The 

fungi were negatively affected by disturbance due to the disruption of the hyphal network. 

Within the fungi, the proportion of pathogenic fungi was higher in fertilized sites, and increased 

with disturbance and seed addition, the proportion of saprotrophs decreased with fertilization 

and the proportion of symbiotrophs decreased with disturbance in the first year, but recovered 

rapidly. Disturbance positively affected bacteria, which thrived with the fresh input of carbon and 

nitrogen from the broken plant biomass, especially in non-fertilized sites, where these nutrients 

were more limiting. Our results indicate that microbial biomass and functions are mainly driven 

by land-use intensity. Our results clearly highlight the need to integrate land-use intensity when 

planning for management practices that aim to increase ecosystem multifunctionality. 
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Diversification through agroforestry: new above- and belowground perspectives 

 

Lukas Beule, Ena Lehtsaar, Petr Karlovsky 

 

Modern temperate alley cropping systems (crops intercropped with short-rotation trees) have 

been recognized as multifunctional systems that can reduce nitrate leaching and increase carbon 

sequestration, pollination services, soil fertility, and biodiversity. Despite these promises, 

molecular studies of soil microorganisms in temperate agroforestry systems are rare and studies 

of fungal diseases and mycotoxin contamination of crops grown under temperate agroforestry 

are lacking. In our study of the effect of agroforestry on soil microbial communities, we quantified 

13 microbial groups and 9 N-cycling genes in soil in three paired agroforestry and monoculture 

cropland systems. Furthermore, we estimated the biomass of 10 major fungal pathogens in 

wheat and barley grain as well as oilseed rape plants harvested at four paired sites since 2016 

and determined mycotoxin content in wheat and barley grain. Belowground, our results showed 

that trees in agroforestry systems promoted the abundance of soil bacteria and fungi, in 

particular Acidobacteria, Actinobacteria, Alphaproteobacteria, Firmicutes, and Basidiomycota. 

The most dramatic changes were observed for Basidiomycota, which increased by more than two 

orders of magnitude in soil under the trees as compared to arable soil. Trees further increased 

the abundance of genes involved in denitrification, whereas AOB amoA genes (ammonia 

monooxygenase of ammonium-oxidizing bacteria) were suppressed. Considering the central role 

of soil microorganisms in nutrient cycling and aboveground productivity, we assume that soil 

processes mediated by microorganisms are promoted by trees in agroforestry systems. 

Aboveground, agroforestry did not affect the colonisation of wheat and barley grain and oilseed 

rape plants with fungal pathogens. The infection of oilseed rape with Verticillium longisporum 

and colonization of wheat grain with Fusarium tricinctum may even be suppressed through 

agroforestry. Additionally, agroforestry did not increase mycotoxin content in barley and wheat 

grain. We conclude that the aboveground diversification of agricultural systems through 

agroforestry benefits belowground communities and does not negatively affect food safety. Plant 

health will therefore not hamper further development of agroforestry as a sustainable 

alternative to monoculture cropping. 
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Linking ecosystem function with trophic structure of soil communities in high- and low-input 

agroecosystems 

 

J. Bloor 

 

Increasing evidence suggests that food web properties and trophic diversity play an important 

role for the provisioning of ecosystem services, but the linkages between trophic structure and 

ecosystem function in managed agroecosystems remain unclear. Here, we examined whether 

the trophic structure of soil communities shows a general response pattern to land-use 

intensification across contrasting agricultural practices, and hypothesized that trophic complexity 

has a positive effect on multiple soil processes. As part of a long-term, in situ ANAEE-RI 

monitoring programme, we used metabarcoding of environmental DNA to examine the diversity 

and trophic structure of soil communities for eight agroecosystems along a gradient of 

anthropogenic pressure (from arable crops to grazed permanent grasslands). Each system 

included fields with high or low levels of inputs and biomass exports. In parallel, soil samples from 

each experimental field were used to determine key ecosystem processes related to carbon and 

nitrogen cycling. We found that patterns of soil diversity showed consistent responses to levels 

of land-use intensity, both across and within sites, indicating that land-use intensification has a 

negative effect on the trophic complexity of soil communities. Our results also revealed 

significant correlations between different trophic network metrics and carbon cycling, 

highlighting the need to account for trophic diversity in studies on agroecosystem 

multifunctionality. 
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How does traditional agriculture impact arbuscular mycorrhizal biodiversity? 

 

Bala Chaudhary 

 

Over 370 million self-identified indigenous peoples live in 70 countries across the world, most 

living in close association with nature and practicing low-input traditional agriculture. In some 

regions of the world, the majority of land under cultivation is managed by traditional farmers. 

Traditional agriculture employs local ecological knowledge to grow high numbers of local crop 

varieties using minimal energy dependency, closed-loop recycling practices, and complex 

biological interdependences for pest management. Traditional agricultural techniques could 

promote soil biodiversity, but comparatively little research has been conducted on the 

belowground impacts of traditional farming. We assessed arbuscular mycorrhizal (AM) fungal 

diversity and community structure in two different low-input traditional agricultural systems: the 

Hopi Indians of the southwestern United States and the Pemón Indians of southeastern 

Venezuala. Since 500-700 A.D. the Hopi have utilized dryland farming techniques such as flood 

plain planting and drip irrigation to grow maize, beans, and a large variety of fruits. The Pemón 

utilize shifting slash-and-burn cultivation of secondary rainforest fragments to primarily grow 

their staple crop of cassava. Nine fields in each of the two traditional farming systems were 

assessed for AM fungal biodiversity measures and compared to adjacent undisturbed natural 

sites. In both Hopi and Pemón agriculture, species richness (α diversity) of AM fungi did not differ 

between traditionally farmed fields and native forests and shrublands. In the case of the Pemón 

farms, AM fungal community structure (β diversity) also did not differ between cassava fields and 

the native secondary rainforest. In Hopi farms, AM fungal community structure (β diversity) 

differed between traditionally farmed fields and adjacent natural sites, likely due to the sustained 

duration of farming. In both systems, AM fungal community structure was linked to soil texture 

and nitrogen. Our findings suggest that, although diverse in nature, the structural and functional 

similarities of traditional agricultural techniques may work in concert to maintain AM fungal 

biodiversity. Continued research and dialogue with traditional farmers could improve methods 

to enhance above and belowground biodiversity for sustainable global agroecosystems. 

 

 

 

 

 

 

 



38 
 

Grassland management impairs soil food web structure and the resistance of carbon and 

nitrogen fluxes to drought 

Mathilde Chomel, Jocelyn Lavallee, Heather Stott, Nil Alvarez-Segura, Jennifer Rhymes, Francisco 

de Castro, Francisca de Vries, Tancredi Caruso, Marc Emmerson, Elizabeth Baggs, Richard 

Bardgett and David Johnson 

With summer drought frequency and intensity expected to increase with climate change, there 

is a need to understand the mechanisms that determine the ability of soil food webs and the 

functions they provide to resist and recover from disturbances. Soil organisms regulate many soil 

functions and understanding how soil food webs and their functioning are impacted by global 

change is of critical importance. We hypothesized that land management alters the structure of 

the soil food web, and this in turn influences its response and ability to recover from drought. 

We also expected that these changes would lead to differences in carbon (C) and nitrogen (N) 

uptake by plants and their transfer to soil organisms. Drought shelters, alongside controls plots, 

were installed for 2 months during the summer at three sites of paired intensively and extensively 

managed permanent grasslands in the Yorkshire Dales, northern England. After the shelters were 

removed, 15NO3 was injected into soil, and plants were pulse labelled with 13CO2. We assessed 

the fate of the 13C and 15N by sequential sampling over 20 days of plant tissue, phospholipid fatty 

acid biomarkers (PLFA), microarthropods and greenhouse gas fluxes. 

The results show that in intensively managed grassland, droughted plants fixed more 13C than 

control plants, whereas there were no differences in extensively managed sites. The uptake of 
15N by plant roots was lower under drought conditions whatever the management, but we 

observed similar concentrations of 15N in shoots among all treatments. While the uptake of 13C 

and 15N by Collembola decrease with drought, the uptake by predatory and detritivorous mites 

decrease with intensive management. Analysis of 13C and 15N content in PLFAs showed a lower 

transfer of 13C from plants to AM fungi under intensive management. Overall, our results indicate 

that drought impacts plant C assimilation only in intensively managed grassland, and that 

intensive management decreases the flux of plant-derived C to mycorrhizal fungi and 

detritivorous mites.  
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Persistent shifts in microbial diversity and function following extreme and frequent droughts  

 

Irene Cordero and Richard D. Bardgett 

 

Global change predicts an increase in the frequency of extreme droughts in many areas of the 

planet, compromising the stability of our soils and everything that depends of them. Soil 

microbial communities sustain many ecosystem processes, including organic matter 

decomposition, nutrient and carbon cycling, and plant production. As such, they underpin soil 

fertility and food security. Extreme drought can strongly impact soil microbial diversity, but it is 

not known what the consequences of interactive drought intensity and frequency are for the 

structure and function of soil microbial communities. To test this, we designed a microcosm 

experiment in which grassland soil was subjected to drought regimes of varying frequency and 

intensity. Changes on microbial structural and functional diversity were measured after drought 

and over a 6-month recovery period following rewetting. Bacterial and fungal diversity was 

evaluated by means of 16S and ITS metabarcoding, respectively. Functional biodiversity was 

estimated by measuring organic matter decomposition capacity of soils via a suite of extracellular 

soil enzymes, changes in soil nutrient pools and greenhouse gas emissions.  

Bacterial alpha diversity declined with drought intensity and frequency, while alpha diversity of 

fungi increased. In both cases, community structure of soils subjected to extreme and frequent 

drought was significantly different from the control soils immediately after drought and after six 

months of recovery. This indicates a long-lasting shift in the microbial structural diversity. These 

shifts were mirrored by changes in microbial functional diversity. Functional capacity of soil 

microorganisms was strongly reduced after drought, with hardly any recovery in the extreme and 

frequent drought treatment. These results point out to a long-lasting change in the soil microbial 

biodiversity, which might be indicative of a transition to an alternative state, where a tipping 

point has been crossed, despite environmental conditions being returned to normal. The results 

from this experiment help us better understand the effects of the forecasted future drier 

conditions on the microbial structural and functional diversity, and highlight the potential risks 

for soil function of crossing tipping points.  
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The temperature sensitivity of the alpine soil microbiome 

 

Johanna Donhauser, Pascal Niklaus, Beat Frey 

 

Alpine environments are especially sensitive to climate change and experience warming rates 

greater than two times the global average. Besides higher average temperatures, the frequency 

of extreme events will rise and the increment in maximum temperatures will be significantly 

higher than the increase in mean temperature. These climatic alterations will lead to pronounced 

changes in soil ecosystems where microbes are key players in carbon and nutrient cycling 

interacting with plants and soil macro fauna. While high alpine environments largely represent 

pristine ecosystems, general microbial warming responses might be transferable to agriculturally 

managed soil ecosystems, where microbial dynamics are highly relevant for soil fertility and plant 

productivity. 

Here, we use a soil incubation experiment to assess the impact of warming on the alpine soil 

microbiome. We incubated eight alpine soils across a temperature range from 4 - 35 °C and 

assessed bacterial community structures and function using a combination of 16 S rRNA amplicon 

sequencing and incorporation of radiolabeled leucine.  

In accordance with previous studies, we found that soil bacterial communities are adapted to 

temperatures in the range of the annual maximum. Communities from alpine soils naturally 

exposed to different microclimatic climatic conditions differed in their activity profile (leucine 

incorporation as a function of temperature). At the same time, community structures shifted 

differently in response to the incubation treatment depending on the climatic legacy they had 

experienced previously. At the highest treatment temperature, we observed an increase in 

copiotrophic taxa along with an overall increase in anabolic activity (leucine incorporation). 

Importantly, such a warming induced dominance of copiotrophs might lead to an acceleration of 

carbon and nutrient cycling associated with elevated greenhouse gas emissions. We conclude 

that, while the alpine soil microbiome appears to be fairly tolerant to the predicted increase in 

mean temperatures extreme temperature events will strongly affect alpine ecosystems. 
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Intercropping and cover crops to reduce mycotoxins in wheat: An agronomic and economic 

sustainability assessment 

 

D. Drakopoulos, A. Kägi, I. Bänziger, F. E. Wettstein, T. D. Bucheli, A. Zorn, H.-R. Forrer, T. Musa, 

J. Six, S. Vogelgsang 

 

 

One of the greatest challenges of agricultural systems is to ensure food security while improving 

food safety. This goal could be achieved by sustainable intensification of agroecosystems using 

intercropping and cover cropping system approaches. The effective control of crop diseases is an 

important component of agronomic and economic sustainability. Fusarium head blight (FHB) is a 

devastating fungal disease of wheat worldwide causing yield reduction and grain contamination 

with hazardous mycotoxins, such as deoxynivalenol (DON). In maize-wheat rotation with reduced 

or no-till systems, the remaining maize crop residues on the soil surface represent an important 

inoculum source for FHB infection of the subsequent cereal crop.  

The main objective of this research was to investigate two cropping systems approaches, i.e. (a) 

maize-intercropping and (b) cover cropping, with the potential to control FHB and reduce 

mycotoxins in the subsequent wheat crop under minimum tillage. For (a), we used red clover, 

sudangrass, phacelia, white mustard or Indian mustard as intercrops of grain maize. Use of white 

mustard and Indian mustard decreased DON content in grain of winter wheat by 52% and 32%, 

respectively, compared with maize sole crop. For (b), we utilised white mustard, Indian mustard 

or winter pea as cover crops after the harvest of silage maize. The cover cropping systems were 

compared with herbicide or plough treatments without cover crops. Use of cover crops 

decreased DON content by up to 75% and increased the yield of spring wheat by up to 25% 

compared with the herbicide treatment. Depending on the wheat variety, the DON content in 

grain was similar between the plough and the cover crop treatments. Besides the agronomic 

aspect, an economic assessment of each cropping system is currently conducted using gross 

margin analysis and will be discussed.  

Within the context of ecological intensification through diversifying cropping systems, cereal 

growers could benefit from the recommended intercropping and cover cropping systems by 

improving safety and yield of wheat grain as well as by providing additional ecosystem services.  
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Activity and sequence-based abundance, diversity and community composition of arbuscular 

mycorrhizal fungi vary with phosphorus and altitude in Andean Solanum tuberosum fields. 

 

Ricardo A. Herrera-Peraza, E. Furrazola, Y. Torres-Arias, G. Bernal, C. S. Delavaux, M. Llamuca , J. 

Hernández, J. Duchicela  

 

Potato is a culturally and economically important crop worldwide, with particular importance in 

Andean regions of South America. Solanum tuberosum (potato) has been shown to form a 

relationship with arbuscular mycorrhizal fungi. Nonetheless, current agricultural practices 

disregard this association and historical practices, such as substantial nutrient addition, 

compromise the fungi activity. Here, we study the impacts of edaphic factors and altitude on 

mycorrhizal activity and sequence-based abundance, diversity and community composition in 

the Andean region of South America. We do this first through fieldwork in the Ecuadorian Andes, 

and then through re-analysis of an Andean-wide sequencing effort by Senés-Guerrero (2016). We 

find that phosphorus and altitude were the dominant drivers of arbuscular mycorrhizal fungal 

activity (Ecuadorian Andes); soil phosphorus was the most important predictor of the sequence-

based metrics of diversity (Andean-wide sequence data). Our results bring novel insights to the 

environmental factors structuring AMF communities in the Andes, suggesting that managing 

phosphorus concentration may be an important avenue to harness the plant-mycorrhizal 

symbiosis in potato agriculture.  
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The context dependence of resource partitioning in crop mixtures 

 

 

Nadine Engbersen & Dr. Christian Schöb 

 

Biodiversity can increase productivity in (agricultural) ecosystems. This biodiversity effect has 

been attributed to a better use of resources, where resource partitioning (different plants use 

spatially, chemically or temporally different resource pools) and facilitation (different plants 

facilitate resource uptake of neighbouring plants) are enhanced by plant diversity. However, we 

still have a limited understanding of how environmental conditions such as climate, soil fertility 

and local adaptation modulate biodiversity effects on productivity. In order to understand this 

environmental context dependence of biodiversity effects in crop mixtures we aim at studying 

the context dependence of resource partitioning and facilitation. We measured nitrogen and 

carbon content of plants growing at different diversity levels (monoculture, 2- and 4-species 

mixtures, isolated single plants), in two different climate zones (Spain and Zurich), on two soil 

fertility levels and with different seed origins in a full-factorial design. The crop plants used for 

the experiment include cereals (i.e. wheat and oat), legumes (i.e. lupin and lentil), and herbs (flax, 

false-flax, coriander and quinoa). We expect to observe that increasing crop diversity leads to 

increased individual-level uptake of N, increased leaf C content, and increased seed production 

compared to monocultures, but still less than as single plants. This would explain increased 

resource partitioning for crop species mixtures compared to monocultures, while demonstrating 

prevailing competition for resources in monocultures and mixtures. Furthermore, we expect the 

difference in resource uptake of mixtures compared to monocultures to be more pronounced 

under more stressful environmental conditions, i.e. in the semiarid environment of Spain 

compared to the temperate climate of Switzerland and on nutrient-poor soils compared to 

fertilized soils. Finally, we expect the nutrient status of the plants to be related to yield based on 

the hypothesis that resource partitioning in mixtures would explain the observed biodiversity 

effects on productivity in our study system. With this research, we will therefore contribute to a 

better understanding of the mechanisms beneath biodiversity effects in cropping systems and 

provide evidence for the benefits of mixture cropping. 
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Agricultural management and agro-climatic region are important determinants of fungal 

community composition in European permanent grasslands 

 

Aaron Fox, Andreas Lüscher, Ana Barreiro, Linda-Maria Mårtensson, Luís Silva, Ângela Vieira, 

Carolina Parelho, Cristina Cruz, João Melo, Mary Musyoki, Judith Zimmermann, Frank Rasche, 

and Franco Widmer 

 

The BIOINVENT project aims to further our understanding of how the composition of the 

grassland microbiome is influenced along gradients of both management and agro-climatic 

region in Europe (www.biodiversa.org/972). For a pan-European survey, a North-South transect 

was established with 5 participating countries: comprising Sweden, Germany, Switzerland, 

Portugal (mainland) and the Azores. Each country was divided into a ‘favorable’ agricultural 

region, where productivity is optimal and a ‘less favorable’ region where productivity may be 

constrained by certain environmental/climatic conditions. In the summer of 2017, soil samples 

from 3 permanent grasslands management types; intensive (INT), low intensive (LI) and extensive 

(EXT), were taken from all regions (338 sites in total). The fungal internal transcribed spacer 

region was PCR amplified from these samples and an amplicon-based Illumina Miseq sequence 

analysis was conducted to construct fungal operational taxonomic units (OTUs). Agro-climatic 

region (country plus favourability region) had a highly significant influence on fungal community 

composition (P < 0.001). Furthermore, the fungal community significantly differentiated 

according to favourability region in each country with the exception of the Azores. Management 

type also displayed a significant effect at the survey level, with a gradient being seen in fungal 

community composition going from INT to LI to EXT (P < 0.01). Indeed, except for the Azores, 

each country had at least one region in which the EXT management promoted significantly higher 

fungal OTU richness when compared to INT (P < 0.05). Agro-climatic region was, however, the 

stronger driver of fungal community composition (R2=0.29) compared to management (R2=0.02) 

along the transect. This was primarily driven by prevailing climatic conditions such as 

temperature and precipitation. The knowledge gained on how both agro-climatic region and 

management influence the grassland microbiome will be used to develop strategies for 

monitoring soil microbial biodiversity trends in these systems.  
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Soil microbial communities regulating plant-soil feedbacks and microbiomes of above-ground 

insects 

S. Emilia Hannula, Robin Heinen, Jon de Long, Katja Steinauer, Martine Huberty & Martijn 

Bezemer 

 

Feedbacks between plants and soil microbial communities play a crucial role in vegetation 

dynamics and soil legacy effects are commonly pointed out as a driver of plant community 

dynamics and species co-existence across ecosystems. We experimentally manipulated plant 

communities in a grassland and showed that plant communities left distinguished soil microbial 

legacies that in turn affected the establishment of succeeding vegetation. Plants of a specific 

functional type had negative feedback effects on succeeding plants of that functional type. 

Furthermore, growth rate of the conditioning community altered richness, relative species cover 

and belowground biomass of the responding vegetation. The vegetation dynamics were mainly 

driven by accumulation of soil-borne pathogenic fungi in the soils and dynamics of mycorrhizal 

fungi while for example decomposition process and soil food-web structure are more related to 

diversity of saprotrophic fungi. In another experiment we tested if these soil legacies would 

further affect a plant-feeding above-ground insects. Our result from this experiment show that 

insect microbiomes depend on the microbiome of the soil in which the host plant is growing, and 

that effects of plants on the soil microbial community can be transmitted to aboveground insects 

feeding later or on other plants. Importantly, these changes in microbiomes are directly acquired 

from the soil and this suggests a direct link between soil health and that of aboveground insects.  

 

Here, I will discuss the role of microbes, and especially fungi and their functionality in modulating 

plant-soil feedbacks, affecting vegetation composition and insect communities in a grassland 

ecosystem. Thus linking the below-ground community functions to above-ground community 

function and diversity.  
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The impact of cropping practices on stable soil carbon content across Europe 

 

Chantal Herzog, Justine Boitel, Gina Garland, Anna Edlinger, Florine Degrune, Pablo García-

Palacios, David Sánchez Pescador, Sana Romdhane, Aurélien Saghai, Ayme Spor, Sara Hallin, 

Fernando T. Maestre, Laurent Philippot, Matthias Rillig, Samiran Banerjee, Marcel G.A. van der 

Heijden 

 

Soils contain about three times more carbon than the atmosphere and terrestrial plants and play 

an important role as carbon sinks. However, the impact of land- use intensity on soil carbon 

stability is poorly investigated, especially at a broader scale and in on-farm settings. We analyzed 

soils from 217 fields covering five countries across a north-south gradient in Europe. Fields were 

assigned to three management groups: 1) conventionally managed fields; 2) fields under organic 

management; 3) and grasslands that did not receive any fertilizer inputs. The purpose of this 

study was to test the impact of different cropping practices, soil characteristics and climatic 

conditions on the heavy and light fractions of soil carbon content. In order to separate the bulk 

soil into the two fractions, we used a simple and standardized method that involves a chemical 

dispersion of the soil and a subsequent physical separation based on particle size. By doing so, 

we can distinguish the plant-like light fraction (LF) from the mineral associated heavy (HF) 

material. Preliminary analyses of total carbon indicate that there is 1) overall higher LF carbon 

than HF carbon in both arable sites and grasslands when analyzing total carbon in both fractions; 

2) but when taken into account the mass concentration of each fraction based on a bulk soil basis, 

there is higher LF carbon in grasslands and higher HF in arable sites; 3) an impact of the crop 

rotation, with a trend of higher HF levels for three to six crops in a rotation compared to 

monocultures or very diverse rotations; and 4) a country effect, with less effect on arable sites 

but clear differences for grasslands sites, e.g. higher HF carbon than LF carbon in Sweden and 

Spain but the opposite for Switzerland, Germany and France. Organic carbon is currently being 

analyzed and results will be available to be presented at the symposium. In conclusion, this work 

demonstrates that the share of stable soil carbon is higher in arable compared to grassland fields 

and influenced by soil properties as well as management practices, such as the number of crops 

in a rotation. 
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Influence of soil Biodiversity on Ecosystem Multifunctionality under different nutrient 

conditions 

 

Sarah Hilfiker 

 

Biodiversity has long been acknowledged to play a crucial role for ecosystem functioning and 

services. However, most researchers had focused on aboveground biodiversity for a long time. 

Only recently has soil biodiversity gained more and more interest. Several studies have shown its 

importance for several ecosystem functions (Bardgett and van der Putten 2014; Wagg et al. 

2014). But intensive agricultural practices have shown to diminish soil biodiversity (Tsiafouli et 

al. 2015). With a greenhouse experiment, we test the effect of decreasing soil biodiversity on 

Ecosystem services (primary production, litter decomposition, nitrogen uptake, N2O emission, 

nutrient leaching and carbon sequestration). Using a removal approach, we manipulated soil 

communities by sieving through decreasing mesh sizes. We established the microcosms over five 

months in sealed pots using leek (Allium ampeloprasum) as a model species.   
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Legacy effects of precrop plant functional group on fungal root symbionts of winter barley 

 

Roy Julien, Van Duijen Richard, Eva F. Leifheit, Vicky M. Temperton, Matthias C. Rillig 

 

1. Plant-soil feedback (PSF), the conditioning of soil by plants and subsequent effects on the next 

plant generation, is a key driver of plant growth, scaling to the ecosystem level to drive plant 

diversity in natural ecosystems and affects crop yield in agricultural systems. As symbionts, 

arbuscular mycorrhizal (AM) fungi play key role in PSF, both in natural and agro-ecosystems. 

However, in agriculture, whether precrops have a legacy effect on the association between the 

next crop and AM fungi has received little attention. 

 

2. We set up a two growing-season mesocosm experiment mimicking a crop rotation, with a first 

phase growing  AM or non AM and/or rhizobial or non rhizobial precrops followed with an AM 

crop. We analyzed the AM fungal diversity and abundance with high-throughput Illumina 

sequencing and staining methods to test the effect of precrop plant symbiotic functional group 

on following crop AM fungal diversity and abundance. 

 

3. We found that the mycorrhizal precrop symbiotic attributes, but not the rhizobial ones, 

affected the pool of AM fungi in the soil and this effect persisted in the following crop, 

demonstrating a legacy effect. Given our previous work showed decreasing crop yield after AM 

precrops, our results suggest a negative PSF at the level of plant functional group driven by the 

consistent selection of certain AM fungi, particularly members from two Rhizophagus clades. This 

effect was however weaker than those of contemporary factors such as addition of nutrient. 

 

4. Synthesis. Our study provides evidence of negative plant-soil feedbacks within the arbuscular 

mycorrhizal symbiosis in agro-ecosystems typical of western Europe driven by the consistent 

selection of certain AM fungi. 

This suggests that the symbiosis could ultimately be managed. Our results also indicate that 

ancient evolutionary divergences in AM fungi are related to strong ecological and/or functional 

specializations. Further research should focus on when and which AM fungi provide positive or 

negative effects on plant growth depending on different fertilization regimes and/or farming 

regime. 
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Improving the understanding of AMF diversity and function in soils through the use of RNA-

seq, metaproteomics and long-reads sequencing 

 

Lammel, D.R., Heeger, F., Rillig, M.C. 

 

Arbuscular mycorrhizal fungi (AMF) form symbioses with approximately 80% of plant species and 

can provide benefits to both plants (e.g. phosphorus and nitrogen acquisition) and the soil 

environment (e.g. soil aggregation). A better understanding of AMF and function in soil can be 

obtained through the application and development of optimized molecular methodology. Here 

we report two applications/experiments. In the first application, we manipulated AMF presence 

(via inoculation of non-sterile soil with R. irregularis and using a hyphal compartment design) and 

used RNA-seq and metaproteomics to access its roles in soil. We detected that AMF affected 

microbial community structure as well as transcripts and proteins related to the C and N 

metabolism in the soil microbial community. In a second experiment, we optimized a 

methodology for assessing AMF diversity. Several studies use short-reads DNA sequencing 

independently targeting the SSU, ITS or LSU ribosomal AMF regions. Consequently, the results of 

these studies are difficult to compare. As a solution, we used the next-generation PacBio long-

reads platform aiming to unify the AMF SSU-ITS-LSU databases. We demonstrated that the long-

read sequences have better taxonomic resolution for AMF and suggest that an unified database 

should allow the comparison of studies that targeted different AMF ribosomal regions. 
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Resistance and resilience of the soil microbiome to mechanical compaction under different 

agricultural management regimes 

Manon Longepierre, Franco Widmer, Thomas Keller, Peter Weisskopf, Urs Brändle, Guillaume 

Lesage, Johan Six, Martin Hartmann 

Soil compaction is a major disturbance caused by highly mechanized agriculture. Reduction in soil 

porosity, water conductivity, and oxygen availability significantly constrains soil biodiversity and 

functioning, ultimately threatening soil quality and crop productivity. Despite the central role of 

the soil microbiota in delivering key ecosystem services such as plant growth, nutrient cycling, 

and pest control, we currently lack a fundamental mechanistic understanding of the microbial 

response to compaction under different agricultural management. For this purpose, an 

agricultural long-term soil structure observatory has been established in 2014 to compare three 

different compaction treatments, i.e. uncompacted control, compaction in wheel tracks, and 

track-by-track compaction caused by a heavy agricultural vehicle (approximately 40 Mg). Four 

different management options for recovery are evaluated, i.e. natural recovery with and without 

vegetation, as well as active recovery using a crop rotation with and without tillage. The wheel 

track compaction treatment allows studying soil structure evolution under conditions where 

roots and soil organisms can more easily invade compacted zones, in comparison with the track-

by-track compaction where the entire soil area is compacted. The post-compaction management 

options provide insights into natural recovery processes with and without vegetation as well as 

into active recovery processes under conventional and conservation practices. The response of 

microbial diversity to compaction as well as its resilience after compaction under the different 

management options was assessed over a time period of four years using a metabarcoding 

approach of bacterial and fungal ribosomal markers and related to the edaphic background and 

the crop productivity.  
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High throughput sequencing combined with null model tests reveals specific plant-fungi 

associations linked to ecosystem processes  

 

Merges, D., Bálint, M., Schmitt, I., Manning, P., Neuschulz, E. L.  

 

Interactions between plants and microbes are integral for ecosystem functioning, but 

characterising these relationships remains challenging. High throughput sequencing of microbial 

communities allows us, for example, to describe fungal communities at a high level of resolution, 

but often fails to provide information on taxonomic and functional assignment of fungi, and 

cannot tell us which operational taxonomic units (OTUs) are driving ecological processes. Here, 

we developed a null modelling approach to overcome these issues. We transplanted seeds of 

Pinus cembra across an elevational gradient (1850-2250 m a.s.l.) and identified environmental 

factors and known fungal associates important for two ecosystem processes, i.e. seedling 

establishment and survival. We then applied null model tests to identify taxonomically 

unassigned fungi associated with pine recruitment. Early seedling establishment was determined 

by abiotic environmental factors, while seedling survival was predominantly affected by biotic 

environmental factors (i.e., the abundance of a fungal pathogen known from literature and the 

distance to adult trees). Null model tests identified known mycorrhizal partners and a large 

number of unknown operational taxonomic units (OTUs) associated with seedling survival, 

including saprotrophic and pathogenic species. These results highlight that unknown fungal 

OTUs, which are usually discarded from analyses, could play a crucial role for plant survival. We 

conclude that high throughput metabarcoding paired with null model tests, is a valuable 

approach for identifying hidden plant-fungal associations within large and complex DNA 

metabarcoding datasets. Such an approach can be an important tool in illuminating the black box 

of plant-microbe interactions, and thus understanding a wide range of soil processes and 

ecosystem dynamics. 
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Small Water Bodies in an agricultural landscape: Ecosystem services of spatial and temporal 

within-field transition zones 

Marina E.H. Müller, Marlene Pätzig, Gunnar Lischeid, Dagmar Balla, Michael Glemnitz, Carsten 

Paul, Klarissa Kober, Marina Schnabel, Filip Vasic 

Intensively agriculturally used Pleistocenic landscapes in Europe are spotted with small water bodies at a 

density of up to 40 per km2 in Northeast Germany. These so-called kettle holes are regarded as hot spots 

of biodiversity and of nutrient turnover, as major sinks of contaminants, both as sinks and as sources for 

greenhouse gases, and of high visual attractiveness in a rather monotonic agricultural landscape. From an 

agricultural management perspective, however, within-field kettle holes are often considered major 

obstacles of modern crop production with large machinery. Kettle holes could enhance microbial and 

fungi spread and thus increase the infestation risk of adjacent fields. Kettle holes occasionally overflowing 

into adjacent fields damage crops and impede subsequent management. Consequently, during dry years 

there is a strong tendency to extend crop production into kettle holes that had fallen dry, ignoring the fact 

that dry kettle holes might act as a refuge for various biota, e.g., as seed banks. 

An integrated assessments of various positive and negative effects are still missing that would 

systematically determine and balance the range of single effects. Even more so, the ecosystem services 

and disservices of occasionally overflowing and drying up of kettle holes within arable fields have not been 

studied systematically so far. This project aims at focusing on kettle holes with strongly differing 

hydrological dynamics (overflow and storage type). Depending on the time, duration and extension of 

flooding events, crop yield may be reduced while other provisioning, regulating and supporting ecosystem 

services (control of microclimate, pest diseases, production of high-quality food, crop yield, biodiversity) 

may increase or vice versa. The complex interactions that will be examined between kettle holes and 

surrounding fields provide an example of the multi-functionality of agricultural landscapes. Due to this 

multi-functionality any type of agricultural management will result in trade-offs across environmental, 

economic and social dimensions. 

 

Fig 1: Influence of kettle hole and its hydromorphological type on ecosystem services and disservices in 

the transition zones between the kettle holes and the neighboring agroecosystems 
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Litter decomposition under nutrient enrichment in global grasslands 

 

Raúl Ochoa-Hueso, Juan Alberti, Héctor A. Bahamonde, Elizabeth T. Borer, Cynthia Brown, Maria 

C. Caldeira, Elsa Cleland, Scott L. Collins, Pedro Daleo, Chris R. Dickman, Anne Ebeling, Nico 

Eisenhauer, Ellen Esch, Anu Eskelinen, Sabine Güsewell, Blanca Gutierrez-Larruga, Sarah E. 

Hobbie, Kirsten Hofmockel, Ramesh Laungani, Eric Lind, Andrea López, Rebecca L. McCulley, 

Joslin Moore, Pablo Peri, Sally A. Power, Jodi N. Price, Suzanne Prober, Anita C. Risch, Christiane 

Roscher, Judith M. Sarneel, Martin Schütz, Eric W. Seabloom, Julia Siebert, Rachel J. Standish, 

Sergio Velasco Ayuso, Risto Virtanen, Glenda M. Wardle, Georg Wiehl, Laura Yahdjian, Tara Zamin 

 

Litter processing is a key determinant of ecosystem net carbon (C) balance. How ecosystem 

eutrophication, a widespread phenomenon in grassland soils worldwide, affects litter 

decomposition and further stabilization is key to predict the future pace of climate change. We 

investigated the effects of ecosystem eutrophication on litter processing in twenty-one 

grasslands from four continents that were experimentally fertilized with nitrogen (N), 

phosphorus (P) and potassium (K). We found that greater precipitation and lower temperature 

of the wettest quarter are main drivers of faster decomposition rates, while lower temperatures 

of the wettest quarter are key for greater organic matter stabilization, a proxy for potential C 

sequestration. Nutrient addition weakly increased decomposition and stabilization, mainly 

through indirect effects of N and P on microbial mineralization activity. Our results suggest 

limited benefits of nutrient management for improving soil C cycling in global grasslands; 

moreover, given that nutrient effects were conditional to lower temperatures and higher rainfall, 

these efforts may be further hampered by warming and the increased incidence of drought 

events. The next phase of the study will use Illumina Miseq sequencing of 16S and ITS to uncover 

the role of soil biodiversity on these responses.    
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Unraveling biotic interactions determining soil microbial community assembly and functioning 

 

S. Romdhane, A. Spor, J. Aubert, D. Bru, M.C. Breuil, S. Hallin, A. Mounier, S. Ouadah, M. Tsiknia, 

L. Philippot  

 

Microbial communities play important roles in all ecosystems and yet, a sound understanding of 

the ecological processes governing the assembly of these communities in the environment is 

missing. To address the role of biotic interactions in assembly and functioning of the soil 

microbiota, we used a top down manipulation approach based on the removal of various 

populations in a natural microbial community. Suspensions of the soil microbiota were subjected 

to various biocidal and filtration treatments before being inoculated into the same sterilized soil. 

We hypothesized that if biotic interactions are an important shaping force of the microbiota 

assembly, removal of microbial groups should largely affect the fitness of the remaining ones 

during soil recolonization. We show that nearly 50% of the dominant bacterial taxa were 

subjected to competitive interactions, underlining the importance of biotic interactions in the 

assembly of microbial community in soil. Moreover, evidence for competitive exclusion between 

members of Bacillales and Proteobacteriales suggests that potential general rules of microbial 

community assembly can be identified. Our removal approach also resulted in greater changes 

in activities related to N- than to C-cycling. This approach can provide a new avenue to study 

microbial interactions in complex ecosystems. 
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Enhancing microbial community performance via ecological intensive management with a 

focus on N-related ecosystem processes under altering water regimes 

 

Martina Lori, S. Symanczik, G. Piton, P. Mäder and A. Gattinger 

 

 

Soil microbial communities play a fundamental role in maintaining a broad range of soil functions and 

ecosystem services. Especially nutrient provisioning to cultivated crops are of prime interest in agricultural 

contexts in order to maintain the production of food, fibre and fuel for the ever increasing human 

population. Since Nitrogen (N) is the most limiting nutrient in agroecosystem and it’s cycling and 

availability is highly dependent on microbial driven processes, we investigated the impact of farming 

systems on related ecosystem processes and herein involved soil microbial communities. Considering 

global climate change, also the potential to withstand rainfall variability was assessed. 

Initially, a systematic literature search followed by a meta-analysis identified differences in microbial 

abundance and activity in contrasting farming systems. Overall, we identified 32 % to 84 % greater 

microbial biomass carbon, microbial biomass N, total phospholipid fatty-acids, and dehydrogenase, 

urease and protease activities in organic compared to conventional farming systems. Categorical analysis 

identified crop rotation, the inclusion of legumes and organic inputs to be important practices positively 

affecting soil microbial communities.  

Next, in order to test whether distinct microbial communities in soil of organic and conventional farming 

(DOK long-term trial) lead to distinct functioning when facing future projected drought stress, a plant 

nutrition experiment using a 15N labelled green manure was performed. We identified 30 % higher 

amounts of N derived from organic fertilizer in ryegrass grown on organically compared to conventionally 

managed soil, but only when subjected to dry conditions. Concomitant with enhanced N provisioning 

enhanced stability of proteolytic (apr encoding) microbial community diversity and composition was 

identified in response to drought stress in organically managed soil. Our results indicate proteolytic 

microbial communities selected under organic farming to have a better capacity to maintain plant 

nutrition of a model crop under dry conditions. 

Lastly, the effect of management (ecological intensive vs. conventional intensive) on N-related ecosystem 

processes (forage-N uptake and NO3 leaching) and herein involved microbial communities was assessed 

in a more natural scenario. Terrestrial model ecosystems (intact soil cores) originating from forage 

agroecosystems across Europe (Switzerland, Portugal and France) were subjected to altered rain regimes 

for 263 days. Using mixed effect models and piecewise structural equation modelling we disentangled 

direct and indirect effects of management and rain regime on N-cycling processes. We observed a direct 

impact of management on N-related microbial community composition with ecological intensive 

management promoting beneficial microbes involved in forage-N uptake and NO3
- leaching under altered 

rain regimes. Furthermore, we found plant litter properties, in particular plant N:P ratios, to be possible 

drivers for observed management effects on N-related microbial community composition.    
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Summer drought influences plant and microbial community composition in a multi-site 

grassland experiment 

 

Kathleen A. Mackie; Michaela Zeiter; Juliette M.G. Bloor; Andreas Stampfli 

 

Climate change predictions suggest that summer droughts will become more intense and 

recurrent in Europe. While drought-induced reductions in grassland primary productivity are well 

documented, the drivers behind drought resistance (the capacity to withstand change) of above- 

and belowground biomass remain poorly understood. Across eight grasslands differing in plant 

community productivity (CP) we investigated the effects of summer drought on plant and soil 

microbial variables. We examined the linkages between community productivity, drought 

responses of plant and microbial communities and relative drought responses of plant and 

microbial biomass. Plant and microbial variables were recorded at the end of a three-month 

rainfall exclusion period. Experimental drought decreased plant biomass and increased plant C:N 

ratios, but had no effect on total microbial biomass across sites. Instead, drought caused shifts in 

plant and microbial community composition as well as an increase in arbuscular mycorrhiza fungi 

biomass. Overall, plant biomass drought resistance was unrelated to CP or microbial community 

composition, but was positively related to drought resistance of forbs. Our results suggest that 

plant drought resistance is more sensitive to plant community composition than to CP or soil 

microbial biomass. In addition, plant biomass may also benefit from a high abundance of soil 

fungi in low productivity sites due to increased access to water and nutrients though root 

networks.  
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Contrasting impacts of land-use intensification on below- and aboveground diversity 

 

Gaëtane Le Provost & Peter Manning 

 

Land-use intensification has been identified as a major driver of biodiversity loss but most 

previous studies have focused on aboveground biodiversity, typically considering the response 

of single taxa to particular sub-components of land use. As a result, we lack a synthetic view of 

which land use factors are the biggest contributors to overall biodiversity loss thus preventing 

the formulation of management strategies that effectively conserve biodiversity in farmed 

landscapes. Using a unique and comprehensive database from 150 German grasslands, we 

assessed the influence of multiple elements of field- and landscape-level intensification on the 

diversity of a wide range of above- and belowground taxa, spanning 17 trophic groups, in 

agricultural grasslands. We found that land-use intensity at landscape and field levels affected 

biodiversity, and that land-use history was an important driver, but that these factors had 

contrasting impacts on above- and belowground diversity. Our results also highlight a previously 

unrecognised role of landscape structure in shaping belowground communities. These results 

have the capacity to inform management and conservation strategies which aim to protect the 

whole ecosystem biodiversity and secure key ecosystem services. 
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Data synthesis on land use change effects on biodiversity: results and challenges 

 

Alejandra Parreño, Owen Petchey, Péter Batáry, Bernhard Schmid  

 

The conversion of land for human activities is a major global change driver that affects 

biodiversity, ecosystem productivity and tightly relates to population wellbeing. We performed 

a data synthesis of 134 studies using reported pairwise effectsbetween these variables, on 

multiple taxa and ecosystem types. Land use change from mildly modified and native ecosystems 

to activities had an overall average negative effect on species richness, leading in average to a 

20% of biodiversity loss. Grazing was the activity with the highest impact, followed by agriculture, 

agroforestry and forestry. Mild urbanization and green spaces in cities showed a relatively small 

negative effect on biodiversity, highlighting the importance of green cities. Models including taxa, 

scale, extent and intensity of land use change as explanatory variables could all partially explain 

the significant heterogeneity in global data. Our study highlights the importance of systemic 

analysis to understand and predict global change as opposed to studying variables in isolation. 

Furthermore, in this poster I will present the challenges found during the integration of global 

data, such as the lack of standardized indexes, reporting and data availability. These would be a 

pre-requisite for the implementation of multi-level programs such as those suggested by policy 

(e.g., SDG) for conservation. 
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Subsoil fungi 

 

Moisés A. Sosa-Hernández 

 

Agricultural subsoil, i.e. soil underneath the plowed or formerly plowed layer (typically 30cm), 

can harbor great nutrient pools and water, but is rarely taken into consideration both by farmers 

and researchers. Subsoil microbial communities are distinct from topsoil, and hold great potential 

for sustainable agriculture and climate change mitigation. In this poster I present my research on 

agricultural subsoil fungal communities using high-throughput sequencing methods. My results 

hint at elevated beta diversity in deep soil, and considerable phylotype turn-over between 

different soil depths. Additionally, deeper soil layers harbor unique phylotypes not found in 

topsoil, with mostly unknown potential functionality.  
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Managing for grassland multifunctionality 

 

Margot Neyret, Pete Manning, and Markus Fischer  

 

Land use intensification can promote agricultural production but also cause biodiversity loss and 

reduce the provision of other ecosystem services. This trade-off must therefore be minimised if 

we are to create multifunctional landscapes that provide a full range of ecosystem services. In 

this study, we aimed to define the “optimal” landscape composition that minimises trade-offs 

between key services such as productivity, biodiversity conservation, aesthetic value and soil 

carbon storage. Using data from 150 grassland plots in Germany, we simulated artificial 

landscapes with varying proportions of low-, medium- and high-intensity plots. We show that 

landscapes consisting mostly of low- and high- intensity plots have the highest multifunctionality, 

except in landscapes where the medium-intensity plots were as productive as the high-intensity 

ones. In this case landscapes dominated by medium-intensity plots have the highest 

multifunctionality. These results could provide practical recommendations for landscape 

planning, especially when integrating stakeholder preferences for specific services in the 

calculation of multifunctionality. 
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Diversity-functioning relationships in agroecosystems: from crops over weeds to soil microbes 

 

Laura Stefan and Christian Schöb 

 

Biodiversity–ecosystem functioning relationships are a major research topic in ecology. It is 

indeed widely acknowledged that increasing diversity in plant communities affects plant 

interactions which in turn influence ecosystem functioning. These ecological concepts are well 

studied in natural ecosystems; however, applying them to an agricultural setting such as 

intercropping has only rarely been done. In particular, it is still poorly understood how crop 

diversity influences the diversity and functioning of other communities composing an 

agroecosystem. To close this knowledge gap, we conducted a diversity experiment using crop 

species and determined how diversity and functioning of the crop communities scale up to 

diversity and functioning of weed and soil microbial communities. The experiment was 

conducted in Switzerland and in Spain, two countries with drastically different climates, and was 

repeated in two different fertilizing conditions to determine how these diversity-functioning 

relationships respond to changes in abiotic conditions. We hypothesized that increasing crop 

diversity would lead to an increase in soil microbial diversity, but a decrease in weed diversity; 

likewise, highly productive mixtures would show higher soil microbial activity quantified through 

soil basal respiration, as well as lower weed biomass. At all levels, we expected that higher 

diversity would go along with increased productivity and activity, respectively, and assessed 

potential interactive effects between the diversity-functioning relationships of the different 

communities. Preliminary results suggest that crop diversity positively affects crop yield, that 

weed biomass negatively correlates with crop yield and crop diversity, and that soil microbial 

activity is influenced mostly by abiotic factors and interacts with crop yield. This holistic approach 

to the assessment of crop diversification effects on ecosystem functioning in agricultural systems 

provides evidence for intercropping as a sustainable method of food production. 
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The genetic basis of mycorrhizal growth responses in spring wheat 

 

Tom Thirkell 

 

 All cereal crop species can associate with arbuscular mycorrhizal fungi, but the resultant 

symbiosis is not always beneficial for the plant. Colonisation of the plants’ roots by these fungi 

can substantially influence plant nutrient uptake and biomass. While plant genotype is known to 

influence the extent of this mycorrhizal growth response, the underlying genes remain unknown. 

Using a mapping population of 99 wheat lines, we have found substantial variation in response 

to AMF colonisation, confirming the effect of plant genotype on AMF responsiveness. Certain 

lines see shoot biomass increased 85 % following mycorrhizal colonisation, while others show 

reductions in shoot biomass by 35 %. Using quantitative trait locus (QTL) analysis, we are 

identifying the precise wheat genome regions associated with mycorrhizal growth responses. 

Once identified, these regions can be used as targets by plant breeders, with the aim of selecting 

those genes responsible for ‘mycorrhizal benefit’. 
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Agricultural practices in soil biodiversity management: multitrophic feedback loops to 

ecosystem sustainability and functions 

 

Tanel Vahter, Siim-Kaarel Sepp, Maarja Öpik 

 

The direct impact of agricultural land use practices on soil organisms has been extensively studied 

by both experimental and descriptive research. Although science is in continuous development 

and constantly offers possibilities to employ new research methods and consider aspects 

previously unknown, there is an urgent need to translate these kinds of studies into a perspective 

of soil ecosystem functioning. Getting to know how soil management practices influence soil 

dwelling organisms has been the first difficult step. Now, multitrophic interaction studies of the 

main players in agricultural soil ecosystems have to follow, while also taking into account the 

realm of economy. 

In the biodiversa project SoilMan, our aim was to quantify soil ecosystem functions and multiple 

ecosystem services based on biodiversity parameters in different European regions. To 

accomplish this, a pan-European network of field trials and farm networks was established and 

the effects of tillage regimes and crop diversity on soil dwelling organisms determined. We use 

the resulting diversity data of fungi, bacteria, enchytraeids, earthworms, collembola, mites and 

gastropods to elucidate their roles and interactions in soil functioning and resulting ecosystem 

processes. Multitrophic feedback loops to soil functions and economically relevant variables are 

highlighted, giving an insight into the possible bottlenecks of current agroecological 

understanding. 
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Uphill plant migrations facilitate soil carbon loss 1 from warming alpine ecosystems 

 

Tom W. N. Walker, Emmanuel Carino, Konstantin S. Gavazov, Thomas Guillaume, Thibault 

 Lambert, Pierre Mariotte, Constant Signarbieux, Devin Routh, Thomas W. Crowther, Sebastián 

 Block, Tamara Münkemüller, Hanna Nomoto, Andreas Richter, Jonathan M. Levine, Alexandre 

 Buttler & Jake Alexander 

 

 Climate warming is driving upward and poleward expansions of most plant species on Earth. 

 Temperature and vegetation are both central to ecosystem carbon cycling, raising potential for 

 warming-induced plant range expansions to accelerate carbon loss from soil to the atmosphere 

 and create a positive feedback to climate change. Yet little is currently known about the role of 

 plant range expansions in mediating warming effects on soil carbon loss. Here, we used a suite 

of  field, glasshouse and laboratory experiments to determine how the arrival of range-expanding 

 lowland plant species affects soil carbon loss in warming alpine ecosystems. We found that 

 warming drove soil carbon loss, but only when lowland plants were present in the community. 

This  occurred despite lowland plants comprising less than 5% of community biomass, was 

independent  of both lowland and alpine plant community composition and was detectable after 

one growing  season in two experiments located in wetter and drier alpine regions. Furthermore, 

we found that  lowland plants facilitated soil carbon loss indirectly via their control over alpine 

plant physiology, which led to a change in root exudation of the whole community, an 

acceleration of soil microbial activity and a release of soil carbon as carbon dioxide. Despite this, 

here soil carbon loss was temporary, likely because it was induced by step-changes in 

temperature and lowland plant presence and was also accompanied by a decline in microbial 

biomass and a re-equilibration of microbial activity to lower soil carbon content. Overall, we show 

that uphill migrations of lowland plants, which are already globally common, may be instrumental 

in driving warming-induced  carbon loss from alpine soil. Our findings have clear implications for 

the persistence of soil carbon  stocks in mountain regions, and reveal a novel biotic mechanism 

through which warming will  influence carbon cycling in a future world. 
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Warming deeper – How do (subsoil) microbial communities interact with soil organic carbon in 

a warming world? 

Zosso, C.U., Ofiti, N.O.E., Derenne, S., Huguet, A., Solly, E.F., Soong J. L., Torn, M.S., Wiesenberg, 

G.L.B., Schmidt, M.W.I. 

 

A large share of soil organic carbon, more than 50% in certain ecosystems, is stored below 20 cm 

soil depth. Warming experiments to date mostly show an increase of respiration in topsoils and 

first studies indicate that the same will hold for subsoils. Thus, also the large subsoil carbon pools 

might be susceptible to increased degradation in a warmer world. However, the lower carbon 

concentrations and availability of nutrients in subsoils foster a different microbial community 

compared to topsoils. Timing and scale of the respiration response in subsoils will depend on 

different molecular level processes and microbial communities compared to topsoils. These 

processes need to be better understood if we are to accurately predict climate change responses 

of soils. 

 

We used samples from one of the first whole soil profile warming experiments. Heating rods and 

cables warmed the soil by +4 °C to 1 m depth over the last 4.5 years. Cores from three pairs of 

control and warmed plots located on an Alfisol in a coniferous temperate forest in the Sierra 

Nevada, CA, US were analyzed. We extracted free extractable and hydrolysable lipids to assess 

the level of decomposition and possibly changing plant and microbial inputs to soil organic 

carbon. We further analyzed the microbial community composition using phospholipid fatty acids 

(PLFA) and glycerol dialkyl glycerol tetraethers (GDGT). 

 

Several proxies calculated from free extractable lipids indicate that in our experiment especially 

the lower third (below 60 cm soil depth) responds to 4.5 years of warming on a molecular level. 

The average chain length of fatty acids decreased with warming below 60 cm only, indicating 

more microorganism- compared to plant-derived OM. Further we observe a relative decrease of 

branched vs. straight chain fatty acids below 60 cm. Branched fatty acids have been used as a 

proxy for the abundance of gram+ bacteria, which are capable of degrading complex carbon 

sources in soils. The changing ratio could indicate a shift in the microbial community, potentially 

due to a decreasing availability of soil organic carbon as an energy source. Finally, the higher ratio 

of saturated vs. unsaturated fatty acids with warming below 60 cm suggests more degraded soil 

organic carbon at these depths. Our results show that molecular level changes to soil organic 

carbon can become apparent in deeper soil horizons after a relatively short time of soil warming, 

when topsoils still show no response. Thus, the processes taking place at different soil depths, 

including the response of microorganisms, need to be considered for better predictions. Simply 

extrapolating the response of topsoils to subsoils might lead to biased results. 
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