
Bacterial and fungal community structure as indicators of soil 
health in mountain pastures 

 

Anders Lanzén, Lur Epelde, Mikel Anza, Iker Martín, Carlos Garbisu, Iker Mijangos 

NEIKER-Tecnalia, Basque Institute of Agricultural Research and Development, Soil Microbial Ecology Group, Derio, Spain
alanzen@neiker.net / www.soilmontana.com

Introduction
Mountain areas play important ecological roles and the maintenance 
of these ecosystems is also vital for mountain ranching, of significant 
socio-economic importance to mountainous and semi-mountainous 
regions. Traditionally, the conservation of biodiversity in these 
agroecosystems has been managed solely on the basis of visible biota. 
The LIFE+ SOIL-MONTANA was devised in order to better incorporate 
soil microbial properties into such management.

Agroecosystem Health Cards (AHCs) were developed to help 
conservation managers to take into account soil microbial communities 
as well as macrobiota. They also help farmers understand the impact 
of different practices on ecosystem functioning and biodiversity.

To asses the impact of agricultural practices on soil properties and 

microbial communities, replicate samples (n=4) were taken from 32 
different sites representing different categories of valley and mountain 
grazing areas exposed to a variety of agronomic practices. In addition 
to traditional soil physicochemical and biological parameters, soil 
samples were used for extraction of community DNA and amplicon 
sequencing of fungal Internal Transcribed Spacer (ITS) and prokaryotic 
small-subunit (16S) ribosomal RNA.

Global community structure
Amplicon sequencing yielded 52-250 thousand sequence reads per -	
replicate sample, clustered using UPARSE yielding 21 and 12 thousand 
prokaryotic and fungal OTUs, respectively, classified with CREST (using 
SilvaMod for 16S and UNITE for ITS).

Rarefied OTU richness was strongly correlated between -	
prokaryotes and fungi (p<10-15, R2=0.7; Fig 1), as well as Shannon 
entropy estimates. Measured diversity of plants (both richness and 
Shannon entropy) was linearly correlated with corresponding diversity 
estimates of the prokaryotic community (p<0.05, R2=0.03), but a 
correlation to fungal diversity could not be determined. Macrofauna 
richness was significantly correlated to both bacterial as well as fungal 
richness (p<10-3, R2=0.06) whereas the richness of mesofauna did not 
appear significantly correlated to microbial diversity.

Bacteria dominated the prokaryotic abundance and div-ersity -	
overwhelmingly with and two most abundant families were 
Acidobacteraceae and Planctomycetaceae. The most dominating 
fungal “orders” were Mortierellales and an unclassified group of 
Archaeorhizomycetes.

Ordination using NMDS (Bray-Curtis dissimilarity; R Vegan package) -	
resulted in only one clearly defined cluster shared between 16S 
and ITS datasets (Fig 2)  containing only valley samples. No clear 
clustering with respect to altitude or soil type (siliceous vs. calcareous) 
was otherwise noticed.

Out of the environmental parameters measured, many were -	
significantly correlated with the NMDS clustering for both the 
fungal and bacterial communities (Fig 2), namely: Temperature, Soil 
type (siliceous vs. calcareous), Number of plant strata (presence 
of grass, shrubs or trees), Soil colour, Basal respiration (activity), 
Respiration quotient, Number of utilised substrates (NUS; Eco-Biolog), 
Oxidisable organic matter, pH, Aluminium concentration, Aluminium 
saturation, Total nitrogen and production (fresh weight). Further 
water infiltration capacity, Root abundance, Soil compaction, Number 
of invasive plant species and Vegetation colour was correlated with 
fungal community composition; and Richness of Macrofauna with 
bacterial composition.

Influence of individual treatments
Overall neither compositional clustering nor diversity appeared 
correlated to the impact of any single agricultural treatment 
studied. However, several individual treatments appeared to 
affect  community composition or diversity consistently:

Leaving shrubs -	 (1, 3 and 5 years since clearing) influenced 
both fungal and bacterial composition and increased bacterial 
diversity. Production and soil respiration decreased with 
age.

Addition of phosphorous-	  (P) to high-mountain pastures 
also influenced bacterial and fungal composition, but only in 
calcareous soils (Fig 3). Calcareous soils also showed higher 
richness than siliceous in general, but richness did not appear 
influenced by P addition (Fig 4).

Mechanical removal of ferns vs. use of herbicides -	
appeared to influence bacterial community structure in low-
mountain pastures with calcareous soil (Fig 5). However, soil 
type appeared to have a strong effect and neither diversity, 
production or respiration was significantly influenced.

Liming -	 (addition of Ca) appeared to influence both mainly 
fungal composition in individual sites, but not as strongly as 
between-site heterogeneity. No significant effect on production 
or diversity was seen.
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Rarefied OTU 
richness in 
individual samples 
for fungal ITS vs. 
prokaryotic 16S 
MiSeq amplicon 
datasets.  
 

Legend: Triangles represent samples from high mountain 
pastures (>1000 m asl), squares low mountain pastures (ca. 500 
m) and circles pastures located in valleys near sea level. Filled 
triangles, squares or circles represent samples from a pasture 
receiving an investigated agricultural treatment, while hollow 
symbols represent negative controls. Symbols coloured grey 
represent samples from calcareous soils while black symbols 
represent samples from siliceous soils.
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Non-metric 
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Bray-Curtis 
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tween both 
datasets (ITS 
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