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Background
Soil biodiversity and primary productivity

Soils are one of the main global reservoirs of biodiversity, including bacteria, archaea, fungi, 
protists, and other eukaryotes.

Soil microbial diversity is of outermost importance to keep ecosystem functions (nutrient 
cycling, primary production, decomposition…)

Ecosystem services such as food provisioning rely on these ecosystem functions
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Microbial diversity drives multifunctionality in
terrestrial ecosystems
Manuel Delgado-Baquerizo1, Fernando T. Maestre2, Peter B. Reich1,3, Thomas C. Jeffries1, Juan J. Gaitan4,

Daniel Encinar2, Miguel Berdugo2, Colin D. Campbell5 & Brajesh K. Singh1,6

Despite the importance of microbial communities for ecosystem services and human welfare,

the relationship between microbial diversity and multiple ecosystem functions and services

(that is, multifunctionality) at the global scale has yet to be evaluated. Here we use two

independent, large-scale databases with contrasting geographic coverage (from 78 global

drylands and from 179 locations across Scotland, respectively), and report that soil microbial

diversity positively relates to multifunctionality in terrestrial ecosystems. The direct positive

effects of microbial diversity were maintained even when accounting simultaneously for

multiple multifunctionality drivers (climate, soil abiotic factors and spatial predictors). Our

findings provide empirical evidence that any loss in microbial diversity will likely reduce

multifunctionality, negatively impacting the provision of services such as climate regulation,

soil fertility and food and fibre production by terrestrial ecosystems.
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Abstract
1. Soil microbes provide multiple ecosystem functions such as nutrient cycling, decom-

position and climate regulation. However, we lack a quantitative understanding of 
the relative importance of microbial richness and composition in controlling multi-
functionality. This knowledge gap limits our capacity to understand the influence of 
biotic attributes in the provision of services and functions on which humans 
depend.

2. We used two independent approaches (i.e. experimental and observational), and 
applied statistical modelling to identify the role and relative importance of bacterial 
richness and composition in driving multifunctionality (here defined as seven meas-
ures of respiration and enzyme activities). In the observational study, we measured 
soil microbial communities and functions in both tree- and bare soil-dominated 
 microsites at 22 locations across a 1,200 km transect in southeastern Australia. In 
the experimental study we used soils from two of those locations and developed 
gradients of bacterial diversity and composition through inoculation of sterilized 
soils.

3. Microbial richness and the relative abundance of Gammaproteobacteria, 
Actinobacteria, and Bacteroidetes were positively related to multifunctionality in 
both the observational and experimental approaches; however, only Bacteroidetes 
was consistently selected as a key predictor of multifunctionality across all experi-
mental approaches and statistical models used here. Moreover, our results, from 
two different  approaches, provide evidence that microbial richness and composi-
tion are both  important, yet independent, drivers of multiple ecosystem functions.

4. Overall, our findings advance our understanding of the mechanisms underpinning 
relationships between microbial diversity and ecosystem functionality in terrestrial 
ecosystems, and further suggest that information on microbial richness and compo-
sition needs to be considered when formulating sustainable management and con-
servation policies, and when predicting the effects of global change on ecosystem 
functions.

K E Y W O R D S
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Soil fungal communities comprise a large fraction of the global 
terrestrial biomass and diversity1–3, and they are intimately 
linked to plants through multiple processes, such as plant 

nutrient uptake, organic matter decomposition and pathogenesis, 
that ultimately determine plant production3–9. Yet the importance 
of soil fungi for ecosystem stability, a fundamental ecosystem prop-
erty defined as the ratio of the temporal mean of plant productiv-
ity to its standard deviation10, is practically unknown. We posit that 
soil fungal diversity may promote ecosystem stability by increasing 
the resistance and resilience of plant production during and after 
drought events11,12, which are increasing in frequency worldwide13. 
For instance, the diversity of fungal decomposers is responsible for 
the breakdown of plant litter14,15, providing a continuous source 
of available nutrients for stable plant production3,14. Similarly, the 
biodiversity of mycorrhizal fungi is critical for plant growth16 and 
helps plants withstand climate extremes such as droughts, promot-
ing plant production resilience after these dramatic events12,17. On 
the other hand, a greater proportion of soil-borne plant patho-
genic fungi may lead to unstable plant productivity18. However, 
this negative effect on ecosystem stability can also be moderated 
by mycorrhizal fungi via decreasing antagonistic interactions19. 
A conspicuous fungal diversity–ecosystem stability relationship 
would imply that soil biodiversity decline associated with climate 
change and land use intensification18,20 may destabilize ecosystems. 
Assessing whether the stabilizing role of soil fungal diversity is  

consistent across a wide range of plant, climatic and soil conditions 
is therefore critical to inform policy and management measures 
aimed at conserving soil biodiversity and promoting ecosystem ser-
vices under anthropogenic environmental change.

Here we combined three independent global field surveys of soil 
fungal diversity with satellite-derived metrics of ecosystem stabil-
ity, resistance and resilience to drought events. We first investigated 
the relationship between the diversity (richness; number of phylo-
types after amplicon sequencing of the internal transcribed spacer 
(ITS) gene) within major soil fungal functional groups (that is, soil 
decomposers, potential fungal plant pathogens and mycorrhizae 
as identified in the FungalTraits database21) and ecosystem stabil-
ity (the ratio of the mean normalized difference vegetation index 
(NDVI) to its standard deviation over 2001–2018) in three indepen-
dent global field surveys (global survey 1: 235 sites22; global survey 2: 
351 sites23; and global survey 3: 87 sites24; Extended Data Figs. 1–2). 
Then we assessed the links between the diversity within soil fungal 
functional groups and the ecosystem resistance (capacity of plant 
productivity to remain the same in response to a drought event) and 
resilience (capacity of plant productivity to return to the original 
levels of productivity after a drought event) using NDVI temporal 
data and the long-term standardized precipitation and evaporation 
index (SPEI)25. Our analysis based on three independent global field 
surveys provides a complementary assessment of the links between 
soil fungal diversity and ecosystem stability.

Phylotype diversity within soil fungal functional 
groups drives ecosystem stability
Shengen Liu1,2,3, Pablo García-Palacios! !4, Leho Tedersoo5,6, Emilio Guirado! !7,8, 
Marcel G. A. van der Heijden! !9,10, Cameron Wagg11, Dima Chen1, Qingkui Wang3,12, Juntao Wang! !13, 
Brajesh K. Singh! !13,14 and Manuel Delgado-Baquerizo! !2,15 ✉

Soil fungi are fundamental to plant productivity, yet their influence on the temporal stability of global terrestrial ecosystems, 
and their capacity to buffer plant productivity against extreme drought events, remain uncertain. Here we combined three 
independent global field surveys of soil fungi with a satellite-derived temporal assessment of plant productivity, and report 
that phylotype richness within particular fungal functional groups drives the stability of terrestrial ecosystems. The richness of 
fungal decomposers was consistently and positively associated with ecosystem stability worldwide, while the opposite pattern 
was found for the richness of fungal plant pathogens, particularly in grasslands. We further demonstrated that the richness of 
soil decomposers was consistently positively linked with higher resistance of plant productivity in response to extreme drought 
events, while that of fungal plant pathogens showed a general negative relationship with plant productivity resilience/resis-
tance patterns. Together, our work provides evidence supporting the critical role of soil fungal diversity to secure stable plant 
production over time in global ecosystems, and to buffer against extreme climate events.
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Fungal-bacterial diversity and microbiome
complexity predict ecosystem functioning
Cameron Wagg1,2,3*, Klaus Schlaeppi 1,4, Samiran Banerjee 1, Eiko E. Kuramae 5 &
Marcel G.A. van der Heijden 1,6*

The soil microbiome is highly diverse and comprises up to one quarter of Earth’s diversity.

Yet, how such a diverse and functionally complex microbiome influences ecosystem func-

tioning remains unclear. Here we manipulated the soil microbiome in experimental grassland

ecosystems and observed that microbiome diversity and microbial network complexity

positively influenced multiple ecosystem functions related to nutrient cycling (e.g. multi-

functionality). Grassland microcosms with poorly developed microbial networks and reduced

microbial richness had the lowest multifunctionality due to fewer taxa present that support

the same function (redundancy) and lower diversity of taxa that support different functions

(reduced functional uniqueness). Moreover, different microbial taxa explained different

ecosystem functions pointing to the significance of functional diversity in microbial com-

munities. These findings indicate the importance of microbial interactions within and among

fungal and bacterial communities for enhancing ecosystem performance and demonstrate

that the extinction of complex ecological associations belowground can impair ecosystem

functioning.

https://doi.org/10.1038/s41467-019-12798-y OPEN
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Studies to date addressing B-PP at a large scale have mostly covered natural or semi-natural 
ecosystems (woodlands, grasslands, shrublands…) 
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Land use intensity constrains the positive relationship 
between soil microbial diversity and multifunctionality
Jiyu Jia · Jiangzhou Zhang · Yizan Li · Muxi Xie · 
Guangzhou Wang · Junling Zhang
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Abstract 
Aims The positive soil biodiversity and multifunc-
tionality relationship has been widely recognized, 
however in agricultural ecosystems, this relationship 
is context dependent and could be altered by land use 
intensity (LUI). Understanding how LUI affects soil 
microbial community and multifunctionality (SMF) 
is instructive for optimizing external inputs and 
managements.
Methods We sampled soils from three cropping 
systems (cotton, wheat-maize and vegetable) with 
different LUI, sequenced both bacterial and fungal 
communities, and quantified the multifunctionality by 
averaging carbon, nitrogen and phosphorus cycling 

functions. The relationship between soil microbial 
diversity and SMF was further explored.
Results The results showed that the positive effects 
of soil microbial diversity on SMF was significantly 
affected by LUI. In general, LUI decreased SMF and 
both bacterial and fungal diversity. Cotton and wheat-
maize rotation systems with relatively lower LUI 
showed higher microbial diversity and SMF com-
pared with the vegetable system, which had the high-
est LUI and the lowest SMF. Moreover, bacterial but 
not fungal diversity drove this positive relationship 
between microbial diversity and SMF in both cotton 
and wheat-maize systems but not in the vegetable sys-
tem, indicating a larger bacterial effect in lower LUI 
system. Random forest and structural equation mod-
eling further confirmed bacterial diversity and com-
position contributed to SMF mainly via promoting 
carbon and phosphorus cycling.
Conclusions Our findings highlight the importance 
of LUI in influencing the relationships of biodiver-
sity-SMF and further demonstrate that soil microbial 
diversity conservation with less anthropogenic distur-
bances is important for supporting soil functioning in 
agroecosystems.

Keywords Land use intensity · Cropping system · 
Soil multifunctionality · Microbial diversity · 
Microbial communities

Abbreviations 
SMF  Soil multifunctionality
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Land-use- and climate-mediated variations in soil bacterial and fungal 
biomass across Europe and their driving factors 
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A B S T R A C T   

Elucidating contents and drivers of soil bacterial and fungal biomass in contrasting land uses and climates at 
European scale is useful to define appropriate policies for the conservation of the ecosystem services that soil 
microorganisms provide. Here, we aimed to (i) quantify and compare bacterial and fungal biomass in 513 Eu-
ropean soils collected from three different land uses (forests, grasslands, and croplands) and climates (arid, 
temperate, and cold) through analysis of fatty acid methyl esters; (ii) model the factors controlling soil bacterial 
and fungal biomass; and (iii) investigating levels of bacterial and fungal biomass in cropland soils cultivated with 
three important crop types in Europe: cereals, oil-producing crops, and orchards. Bacterial biomass decreased 
with land use in the following order: grasslands > croplands > forests and was found to be the highest in 
temperate environments. Similar patterns were found for biomass of Gram-positive and Gram-negative bacteria 
and Actinobacteria. Soil fungal biomass was greater in forests than in croplands and grasslands and was favoured 
by colder environments. The fungi to bacteria ratio (F/B) decreased as follows: forests > croplands > grasslands, 
with soils in colder climates showing greater F/B ratios in croplands and forests. Soil texture, soil organic carbon, 
and nitrogen were shown to directly drive bacterial and fungal biomass. The biomass of the different microbial 
groups was not influenced by the crop type when only croplands were considered. Fungi appear to be more 
susceptible to agricultural soil use than bacteria. Moreover, agricultural use of soil seems to buffer the effect of 
harsh climatic conditions on soil bacterial biomass. The present study improves our understanding of the 
combined effects of land use and climate on soil bacterial and fungal biomass across Europe.   

1. Introduction 

Soil microorganisms are a key component of terrestrial ecosystems 
(Fierer, 2017). They mediate processes that are critical for land pro-
ductivity, soil fertility, and delivering other ecosystem services such as 
nutrient cycling, degradation of contaminants, pathogen control, and 
climate regulation (Delgado-Baquerizo et al., 2016b; Köninger et al., 
2022). In the last few decades, the practices related to intensive agri-
culture (e.g., land conversion, continuous cropping cycles, 

indiscriminate use of fertilizers and pesticides, excessive tillage, etc.) 
have led to land degradation and soil health loss and have negatively 
impacted soil microbial diversity (Pulleman et al., 2022; Tilman et al., 
2002). In this scenario, new European agro-environmental policies are 
being developed under the auspices of the “Common Agricultural Policy 
post-2020” (Pe’er et al., 2019). These new regulations aim to move to-
wards more sustainable food systems, with emphasis in the restoration 
and conservation of soil biota, in general, and soil microbial commu-
nities, in particular (Guerra et al., 2021; Šumrada et al., 2020; Zeiss 

* Corresponding author. 
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Responses of soil microbial diversity, network complexity and
multifunctionality to three land-use changes

Yi Yang a, Yabo Chai a, Hanjie Xie a, Lu Zhang b, Zhiming Zhang c, Xue Yang a, Shenglei Hao a,
Jingping Gai a,⁎, Yongliang Chen a,⁎
a College of Resources and Environmental Sciences, China Agricultural University, Beijing 100193, China
b State Key laboratory Urban & Regional Ecology, Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing 100085, China
c School of Ecology and Environmental Sciences, Yunnan Key Laboratory for Plateau Mountain Ecology and Restoration of Degraded Environments, Yunnan University, Kunming 650091, Yunnan, China

H I G H L I G H T S G R A P H I C A L A B S T R A C T

• Land-use changeswidely occur in the east-
ern region of Tibetan Plateau.

• Soil microbiome and multifunctionality
under land use changes were revealed.

• Soil bacteria, fungi and protists communi-
ties show differential responses.

• Conversion of forest to grassland increase
network complexity and stability.

• Highlight the potential role of microbial
modules in soil multifunctionality.

A B S T R A C TA R T I C L E I N F O

Editor: Paulo Pereira

Keywords:
Land-use change
Microbial community
Soil biodiversity
Multitrophic network
Multifunctionality

Land-use change is one of the greatest challenges for natural ecosystem services. Soil microbiomes are essential for
modulating multiple ecosystem functions. However, little is known about the impact of land-use changes on soil mi-
crobial communities and their associated soil functions. In this study, 150 alpine soil samples representing conversion
of forests to shrublands or grasslands, and of shrublands to grasslands were investigated for bacterial, fungal and pro-
tistan community diversity, co-occurrence network, as well as their relationships with soil multifunctionality via a
sampling strategy of space-for-time substitution. The conversion of forest to grassland increased the diversity of
fungi and bacteria, and altered the microbial community structures of bacteria, fungi and protists, resulting a greater
impact on soil microbiome than other land-use conversions. Cross-trophic interaction analyses demonstrated this con-
version increased microbial network complexity and robustness, whereas forest to shrubland had the opposite trend.
The land-use induced changes in soil multifunctionality were related with microbial network modules, but were not
always associated with variations of microbial diversity. Random forest modeling further suggested the significant
role ofmicrobialmodules in explaining soil multifunctionality, together with environmental factors. These findings in-
dicate divergent responses of belowground multitrophic organisms to land-use changes, and the potential role of mi-
crobial module in forecasting soil multifunctionality.

1. Introduction

Land-use change contributes substantially to a considerable range of
current environmental pressures, with far-reaching implications for biodi-
versity and ecosystems functions (Bargali et al., 2019; Davidar et al.,

Science of the Total Environment 859 (2023) 160255
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Agricultural intensification weakens soil multifunctionality by reducing 
fungal diversity 

Rui Xue, Chong Wang *, Lei Zhao, Jia Cao, Mengli Liu, Dong Zhang 
College of Resources and Environmental Sciences, China Agricultural University, Beijing 100193, PR China 
Beijing Key Laboratory of Biodiversity and Organic Farming, Beijing 100193, PR China   
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A B S T R A C T   

Agricultural intensification is known to impact the soil microbial diversity and community structure, which are 
responsible for soil multifunctionality. Although the contributions of fungal and bacterial diversity to soil 
multifunctionality in natural ecosystems have been extensively studied, little is known about the research in 
intensive agroecosystems. Therefore, intensively-managed farmland, farmland abandoned 10 years and farmland 
abandoned for 44 years investigated as a gradient of intensity of farmland management. The results showed that 
agricultural intensification reduced fungal Shannon diversity and weakened soil multifunctionality. Fungal di-
versity was the major driver of soil multifunctionality. Structural equation modeling was used to identify the 
effects of soil abiotic properties (soil organic carbon and soil total nitrogen), and fungal and bacterial commu-
nities on multifunctionality. Our model predicted 64.0 % of the variation in soil multifunctionality, and 
confirmed that fungal diversity was positively associated with multifunctionality. These results suggest that 
sustaining microbial diversity, especially fungal diversity might be a means of reducing the effect of agricultural 
intensification on soil multifunctionality.   

1. Introduction 

Multifunctionality, as an integrative measure of multiple ecological 
functions (Hector and Bagchi, 2007), can reflect the overall function-
ality and services (e.g., including nutrient cycling, decomposition, pri-
mary production and carbon stocks) that an ecosystem provides at a 
particular time multidimensionally (Manning et al., 2018). A number of 
studies have explored the response of ecosystem multifunctionality to 
environmental changes in recent years, with the effect of land use 
intensification on multifunctionality an important research focus. For 
example, land use intensification can directly reduce multifunctionality 
by changing soil chemical and physical properties (Zhang et al., 2020) 
and can indirectly decrease multifunctionality by strongly reducing 
biodiversity and shifting functional composition (Allan et al., 2015). 

Soil microbial communities are fundamental to maintaining 
ecosystem functions and services, particularly in soil carbon, nitrogen 
and phosphorus cycling (Qiu et al., 2021). Delgado-Baquerizo et al. 
(2016) elucidated that soil microbial diversity drives ecosystem multi-
functionality at the global scale across 78 dryland ecosystems (Delgado- 
Baquerizo et al., 2016). To date, most research has emphasized changes 
in soil communities, and has shown that a reduction in soil biodiversity 

weakens ecosystem multifunctionality and services (Qiu et al., 2021; 
Wagg et al., 2014). Soil microbial community is not only diverse but also 
complex. Recent studies have emphasized the importance of interactions 
among soil microbes to ecosystem functions (Banerjee et al., 2016, 
2019). It has been demonstrated that ecological cluster of microbial 
organism networks are important for the maintenance of community 
composition and function where fertilizer application is a long-term 
practice (Wang et al., 2022). Consequently, it is necessary to under-
stand how microbial diversity and biotic associations jointly contribute 
to multifunctionality for enhancement of soil functions, which could be 
exploited for better enhancing of soil ecosystem services. 

In recent years, several studies have shown that anthropogenic ac-
tivities, such as agricultural intensification and land use change, reduce 
microbial composition and the diversity of soil ecosystems (de Carvalho 
et al., 2016; Garland et al., 2021; Hartmann et al., 2015). Agro-
ecosystems with intensive farming are considered to be substantially 
more disturbed areas than other ecosystems due to numerous distur-
bance factors, for example, mineral fertilizer application and deep 
plowing (de Graaff et al., 2019; Rillig et al., 2019). Intensive farming 
also reduced soil multifunctionality and caused negative environmental 
impact, for example nitrogen losses through leaching (Cameron et al., 
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Soil microbial biodiversity promotes crop productivity and agro-ecosystem
functioning in experimental microcosms

Ferran Romero a,⁎, Sarah Hilfiker a, Anna Edlinger a, Alain Held a, Kyle Hartman a,
Maëva Labouyrie a,b,c, Marcel G.A. van der Heijden a,b,⁎⁎
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b Department of Plant and Microbial Biology, University of Zurich, 8008 Zurich, Switzerland
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H I G H L I G H T S G R A P H I C A L A B S T R A C T

• Soil biodiversity in agro-ecosystems faces
stressors including nitrogen fertilizers.

• Little is known about the impact of
fertilizers on soil biodiversity-functioning
relationships.

• A factorial design revealed strong soil
biodiversity-multifunctionality correlations.

• Mineral nitrogen application reduced nitro-
gen uptake from decomposing litter.

A B S T R A C TA R T I C L E I N F O

Editor: Charlotte Poschenrieder

Keywords:
Soil biodiversity
Multifunctionality
Fertilizer
Microcosms
Soil microorganisms

Soil biota contribute substantially to multiple ecosystem functions that are key for geochemical cycles and plant per-
formance. However, soil biodiversity is currently threatened by land-use intensification, and a mechanistic under-
standing of how soil biodiversity loss interacts with the myriad of intensification elements (e.g., the application of
chemical fertilizers) is still unresolved. Here we experimentally simplified soil biological communities in microcosms
to test whether changes in the soil microbiome influenced soil multifunctionality including crop productivity (leek, Al-
lium porrum). Additionally, half ofmicrocosmswere fertilized to further explore how different levels of soil biodiversity
interact with nutrient additions. Our experimental manipulation achieved a significant reduction of soil alpha-
diversity (45.9 % reduction in bacterial richness, 82.9% reduction in eukaryote richness) and resulted in the complete
removal of key taxa (i.e., arbuscular mycorrhizal fungi). Soil community simplification led to an overall decrease in
ecosystem multifunctionality; particularly, plant productivity and soil nutrient retention capacity were reduced with
reduced levels of soil biodiversity. Ecosystem multifunctionality was positively correlated with soil biodiversity
(R = 0.79). Mineral fertilizer application had little effect on multifunctionality compared to soil biodiversity reduc-
tion, but it reduced leek nitrogen uptake from decomposing litter by 38.8 %. This suggests that natural processes
and organic nitrogen acquisition are impaired by fertilization. Random forest analyses revealed a fewmembers of pro-
tists (i.e., Paraflabellula), Actinobacteria (i.e., Micolunatus), and Firmicutes (i.e., Bacillus) as indicators of ecosystem
multifunctionality. Our results suggest that preserving the diversity of soil bacterial and eukaryotic communities
within agroecosystems is crucial to ensure the provisioning ofmultiple ecosystem functions, particularly those directly
related to essential ecosystem services such as food provision.

Science of the Total Environment 885 (2023) 163683
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B-PP relationships seem to be also important 
in disturbed ecosystems (e.g., croplands) … 
local-scale studies / greenhouse experiments



5Name der Präsentation | Veranstaltung
Autor

Research question

How does soil biodiversity relate to primary productivity across 
contrasting land use types at the continental scale?
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Materials & Methods

Continental-scale survey (2018)

Dataset: LUCAS (Land Use/Cover survey European
Commission, every 3 years)

589 sampling sites:
186 woodlands
126 grasslands
277 croplands

Predictor variables:
Spatial factors: GPS position, altitude

Climatic factors: air temperature, precipitation, aridity

Edaphic factors: microbial biomass, pH, phosphorus, nitrogen,          

organic carbon, bulk density, soil texture

Soil biodiversity: bacteria, fungi Map by: Joan Muñoz-Liesa
Universitat Autònoma de Barcelona

©	2023	Mapbox	©	OpenStreetMap

Land	use	type

Woodland

Grassland

Cropland
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Materials & Methods

Map by: Joan Muñoz-Liesa
Universitat Autònoma de Barcelona
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Patterns in soil microbial diversity
across Europe

Maëva Labouyrie 1,2,3, Cristiano Ballabio2, Ferran Romero 3,
Panos Panagos 2, Arwyn Jones2, Marc W. Schmid 4, Vladimir Mikryukov5,6,
Olesya Dulya5,6, Leho Tedersoo 5, Mohammad Bahram 6,7,
Emanuele Lugato 2,MarcelG.A. vanderHeijden 1,3 &AlbertoOrgiazzi 2

Factors driving microbial community composition and diversity are well
established but the relationship with microbial functioning is poorly under-
stood, especially at large scales. We analysed microbial biodiversity metrics
and distribution of potential functional groups along a gradient of increasing
land-use perturbation, detecting over 79,000 bacterial and 25,000 fungal
OTUs in 715 sites across 24 European countries. We found the lowest bacterial
and fungal diversity in less-disturbed environments (woodlands) compared to
grasslands and highly-disturbed environments (croplands). Highly-disturbed
environments contain significantly more bacterial chemoheterotrophs, har-
bour a higher proportion of fungal plant pathogens and saprotrophs, and have
less beneficial fungal plant symbionts compared to woodlands and
extensively-managed grasslands. Spatial patterns of microbial communities
and predicted functions are best explained when interactions among the
major determinants (vegetation cover, climate, soil properties) are con-
sidered. We propose guidelines for environmental policy actions and argue
that taxonomical and functional diversity should be considered simulta-
neously for monitoring purposes.

Soil biota plays an important role in contributing to provide eco-
system services such as food production, climate regulation and
pest control1,2. Soil microbes are involved in the decomposition of
soil organic matter, regulate carbon stocks and nutrient cycling,
and facilitate plant nutrient uptake3,4. Changes in soil microbial
community composition and related functions can alter the asso-
ciated services5. While previous studies have shown that land-use
perturbation can significantly reduce above-ground biodiversity6,
and that vegetation cover, climate and soil properties can strongly
affect above-ground communities7, far less is known about the
impacts of anthropogenic and environmental factors on below-

ground diversity and functions, especially at large spatial (e.g.
continental) scales8.

At the community-level, land-useperturbation has been identified
as one of the main anthropic pressures affecting soil microbial diver-
sity, resulting in community composition shifts8,9. Other reported
factors influencing soil microbial communities are climate, soil prop-
erties and vegetation. Changes in climate and in specific soil proper-
ties, such as pH10,11, texture12 and nitrogen availability13 also lead to
changes in microorganism assemblages14. In addition, plant commu-
nity attributes and functional traits predict a unique portion of the
variation in soil microbial diversity and community composition,
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co-occurrence networks

Relationship between soil microbial diversity
and primary productivity (Sentinel-2, ESA)
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Results: co-occurrence networks

CROPLANDS GRASSLANDS WOODLANDS
Nodes 1258
Edges 40405
Av. degree 64,2
Clustering coeff. 0,514
Keystone taxa 293

Nodes 1405
Edges 44414
Av. degree 63,2
Clustering coeff. 0,523
Keystone taxa 297

Nodes 1142
Edges 31962
Av. degree 56,0
Clustering coeff. 0,570
Keystone taxa 233

Bacterial co-occurrence networks
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Clustering coeff. 0,31
Keystone taxa 70

Nodes 806
Edges 6629
Av. degree 16,45
Clustering coeff. 0,31
Keystone taxa 613

Nodes 822
Edges 8809
Av. degree 21,45
Clustering coeff. 0,33
Keystone taxa 740

Fungal co-occurrence networks

 1

Small effect of land use on bacterial co-occurrence networks (although less connectivity in woodlands)
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Results: co-occurrence networks
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Croplands à decreased fungal network complexity and number of identified keystone taxa  
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Results: keystone taxa
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Results: biodiversity vs. primary productivity
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Pathogens were specially abundant in croplands, where they negatively correlated to plant productivity
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Basidiomycota were more abundant in woodlands; they positively correlated to plant productivity in 
grasslands, and croplands.
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The combination of spatial, climatic, and edaphic factors, together with soil
biodiversity, explained ≈50% of the variation in primary productivity.

Results: biodiversity vs. primary productivity
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Conclusions

We surveyed biotic and abiotic variables across 589 sites across Europe. This included all major land
use types and climatic regions

Natural and semi-natural sites (grasslands and woodlands) displayed higher microbial network
complexity and connectivity than more disturbed sites (croplands) Fungal keystone taxa were much
more abundant in woodlands and grasslands than in croplandsà effect of agricultural practices?

Specific microbial groups related to primary productivity across contrasting land use types
(Acidobacteria and fungal plant pathogens in croplands, Actinobacteria in woodlands, Basidiomycota
in grasslands…)

Soil biodiversity explained unique variation in primary productivity patterns at the continental scale

The combination of spatial, climatic, and edaphic factors, together with soil biodiversity, explained
≈50% of the variation in primary productivity.
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Next steps…

Article https://doi.org/10.1038/s41467-023-37937-4

Patterns in soil microbial diversity
across Europe
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Panos Panagos 2, Arwyn Jones2, Marc W. Schmid 4, Vladimir Mikryukov5,6,
Olesya Dulya5,6, Leho Tedersoo 5, Mohammad Bahram 6,7,
Emanuele Lugato 2,MarcelG.A. vanderHeijden 1,3 &AlbertoOrgiazzi 2

Factors driving microbial community composition and diversity are well
established but the relationship with microbial functioning is poorly under-
stood, especially at large scales. We analysed microbial biodiversity metrics
and distribution of potential functional groups along a gradient of increasing
land-use perturbation, detecting over 79,000 bacterial and 25,000 fungal
OTUs in 715 sites across 24 European countries. We found the lowest bacterial
and fungal diversity in less-disturbed environments (woodlands) compared to
grasslands and highly-disturbed environments (croplands). Highly-disturbed
environments contain significantly more bacterial chemoheterotrophs, har-
bour a higher proportion of fungal plant pathogens and saprotrophs, and have
less beneficial fungal plant symbionts compared to woodlands and
extensively-managed grasslands. Spatial patterns of microbial communities
and predicted functions are best explained when interactions among the
major determinants (vegetation cover, climate, soil properties) are con-
sidered. We propose guidelines for environmental policy actions and argue
that taxonomical and functional diversity should be considered simulta-
neously for monitoring purposes.

Soil biota plays an important role in contributing to provide eco-
system services such as food production, climate regulation and
pest control1,2. Soil microbes are involved in the decomposition of
soil organic matter, regulate carbon stocks and nutrient cycling,
and facilitate plant nutrient uptake3,4. Changes in soil microbial
community composition and related functions can alter the asso-
ciated services5. While previous studies have shown that land-use
perturbation can significantly reduce above-ground biodiversity6,
and that vegetation cover, climate and soil properties can strongly
affect above-ground communities7, far less is known about the
impacts of anthropogenic and environmental factors on below-

ground diversity and functions, especially at large spatial (e.g.
continental) scales8.

At the community-level, land-useperturbation has been identified
as one of the main anthropic pressures affecting soil microbial diver-
sity, resulting in community composition shifts8,9. Other reported
factors influencing soil microbial communities are climate, soil prop-
erties and vegetation. Changes in climate and in specific soil proper-
ties, such as pH10,11, texture12 and nitrogen availability13 also lead to
changes in microorganism assemblages14. In addition, plant commu-
nity attributes and functional traits predict a unique portion of the
variation in soil microbial diversity and community composition,
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@fromeroblanch
@vandeheijdenlab
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www.agroscope.admin.ch
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