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Introduction

In Work Package 5 (WP5), a total of 15 case studies comprising 17 distinct field sites across six
European pedoclimatic regions were established to investigate the impact of various agricultural
practices on soil biological diversity. The study focused on key soil biota groups, namely prokaryotes
(archaea and bacteria), fungi, nematodes, and earthworms. Sampling and methodology across all WP5
case studies followed a standardised protocol, as outlined in the WP5 Handbook (Soto Gomez et al.,
2020).

Two case studies (CS1 and CS2) were implemented in the Mediterranean South region of southern
Spain to assess the effects of different chemical and organic fertilisation strategies, both with and
without the addition of bacterial and/or fungal inoculants.

Three case studies (CS3, CS4, and CS5) were carried out in the Lusitanian region of north-western Spain
(Galicia), focusing on the impacts of crop diversification and trap crops, the incorporation of
mycorrhizae, and the use of a pest alert system.

Four case studies (CS6, CS7, CS8, and CS9), located in the Atlantic Central region of Belgium, examined
the application of organic fertilisers, the cultivation of complex cover crop mixtures to enhance
cropping system diversity, and the comparison of different agricultural systems (intensive vs
extensive; conventional vs organic).

Case studies CS10a, CS10b, and CS11, situated in the Continental region of Germany, aimed to identify
management practices that foster fungivorous soil fauna communities, which may act as antagonists
to fungal plant pathogens.

Case study CS12, conducted in the Nemoral region of Estonia, investigated the effects of pest alert
systems, suitable crop diversification strategies, and varying tillage systems.

Finally, case studies undertaken in the Boreal region of Finland explored: (a) the application of two
types of recycled organic soil amendments derived from paper mill by-products in early potato fields
(CS13); (b) the introduction of two different cover crops in early potato cultivation (CS15); and (c) the
timing of tillage, specifically spring tillage in spring wheat fields (CS14a) and autumn tillage in winter
wheat fields (CS14b).

The case study sites were monitored over three consecutive years. Samples for the identification of
soil organisms, as well as for soil chemical and physical analyses, were collected annually—either at
the flag leaf stage (for prokaryotes, fungi, and nematodes) or in autumn prior to harvest (for
earthworms). Detailed sampling procedures and methodologies are provided in the SoildiverAgro
Handbook (Soto Gomez et al., 2020).
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biological diversity in each case study site are presented in the report. In many instances, the findings
are based solely on data collected during the final year of monitoring.

Soto Gmez, D., Fernandez Calvifio, D., Koefoed Brandt, K., Waeyenberge, L., Zornoza, R., Martinez, S.
2020. Handbook on case studies set up, protocols for sampling, sample procedure and analysis. 214
pages. https://soildiveragro.eu/wp-content/uploads/2022/05/wp5-handbook-09_05_2022.pdf

Prokaryotic diversity

1.1 Introduction

The soil microbiome is crucial for the functioning of terrestrial ecosystems, contributing to soil
structure formation, nutrient cycling, organic matter decomposition, and pollutant biodegradation
(Delgado-Baquerizo et al., 2020; Nazir et al., 2010; Nielsen et al., 2011; Van Der Heijden et al., 2008).
Among soil microorganisms, prokaryotes are the most abundant and diverse, providing key ecosystem
services linked to soil fertility, pest control, climate regulation, regulation of environmental quality
and biodiversity (Barrios, 2007; Bender et al., 2016; Regan et al., 2014; Treseder et al., 2012).
Maintaining high prokaryotic diversity in agricultural soils is thought to be critical for sustainable crop
production, reducing disease impact, and ensuring soil multifunctionality (Delgado-Baquerizo et al.,
2016; Mendes et al., 2011).

Agricultural practices can have profound impacts on the soil microbiome, especially those involving
ecological disturbance. Intensive agriculture, characterized by practices like deep tillage, pesticide use,
and high fertilization rates, may lead to a decline in soil microbial diversity, which can adversely affect
soil health and productivity (Kennedy and Smith, 1995; Levine et al., 2011; Tilman et al., 2002).
Conversely, organic farming, which limits the use of synthetic inputs, is generally associated with
positive effects on soil biodiversity and health (Gomiero et al., 2011). Conservation agriculture
practices, such as diversified crop rotations, reduced tillage, and the use of cover crops, are
increasingly adopted by both conventional and organic farms as they may aid in enhancing soil
biodiversity, reducing degradation, and improving carbon sequestration (Neupane et al., 2021;
Shahbaz et al., 2023; Zhang et al., 2019). These practices align well with the EU's Farm to Fork strategy,
which aims to create a sustainable food system with a positive environmental impact, contributing to
climate change mitigation and biodiversity preservation (“Farm to Fork Strategy, European
Commission,” 2023). However, comprehensive studies integrating the effects of agricultural practices
on the soil prokaryotic microbiome with effects on other soil biomes (e.g. fungi, nematodes,
earthworms) and other soil quality parameters (e.g. nutrients, pesticide residues, soil physicochemical
parameters) remain limited.
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Here, we present initial results from WP5 of the SoildiverAgro project, investigating the effects of
different agricultural practices on prokaryotic diversity, community composition and functionality, in
field studies across various pedoclimatic regions of Europe.

1.2 Material and Methods

DNA extraction was performed in accordance with the SoilDiverAgro handbook on soil biodiversity
analysis (Lassen and Brandt, 2020). In brief, DNA was extracted from 0.25 g of soil using the DNeasy
PowerSoil Pro Kit (Qiagen) according to the instruction manual, except for the bead-beating step,
which was conducted using the environmental sample setting on an MP Fastprep-24 instrument (MP-
bio). Qubit® 2.0 Fluorometer (Invitrogen) and NanoDrop ND1000 (ThermoFisher Scientific) were
employed for subsequent DNA quantification and purity assessment. Extracted DNA was stored at -
20°C before 16S rRNA gene amplicon sequencing.

PCR was used to amplify the V4 region of the 16S rRNA gene from both bacteria and archaea using the
modified forward primer 515F (GTGYCAGCMGCCGCGGTAA) and the modified reverse primer 806R
(GGACTACNVGGGTWTCTAAT) (Walters et al.,, 2016). A small-fragment library was constructed,
followed by paired-end sequencing using a 300nt MiSeq sequencer at StarSEQ®GmbH (Germany).

The paired-end reads obtained from amplicon sequencing were processed using the DADA2 package
in R, following the DADA2 pipeline tutorial (v. 1.16). In summary, the reads were filtered, trimmed,
dereplicated, and processed using DADA2's core sample inference algorithm and trained error models.
High-quality paired-end reads were then merged, and chimeras were removed, resulting in a table of
amplicon sequence variants (ASVs) and their corresponding abundance in each sample. Taxonomic
classification of ASVs was performed using the SILVA database (v.138.1) (Quast et al., 2013). ASVs
identified as mitochondrial or chloroplast DNA were excluded from downstream analyses.

All analyses were conducted in R version 4.0.3 (R Core Team, 2018) and RStudio version 1.3.1093.
Figures were generated using the R packages “microeco” (Liu et al., 2021), ‘phyloseq’ (McMurdie and
Holmes, 2013), “vegan,” and ‘ggplot2’ (Wickham, 2016). Significant differences in mean alpha diversity
(Shannon indices and observed ASVs) between treatments in each case study were assessed using
Duncan’s multiple range test (Duncan, 1955). Beta diversity was analyzed using nonmetric
multidimensional scaling (NMDS) combined with permutational multivariate analysis of variance
(PERMANOVA) on Bray-Curtis distance matrices, implemented through the adonis2 function in the
vegan package (Anderson, 2001).
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Soil DNA was extracted from 0.25 g of soil using the DNeasy PowerSoil Pro Kit (Qiagen, Hilden,
Germany). All procedures were done following the instruction manual, except for the bead-beating
step, which was conducted using the environmental sample setting on an MP Fastprep-24 instrument
(MP-bio, Solon, OH, USA). DNA for gPCRs was then purified using NucleoMag® NGS Clean-up and Size
Select (Macherey-Nagel, Diren, Germany). Qubit® 2.0 Fluorometer (Life Technologies, Carlsbad,
California, US) and NanoDrop ND1000 (ThermoFisher Scientific, Waltham, Massachusetts, US) were
employed for subsequent DNA quantification and purity assessment. Extracted DNA was stored at -
20°C until further analysis.

For the construction of gPCR standards, DNA extracted from soil samples as described above served
as the template of PCR reactions. PCRs were conducted using the primer pairs listed in Table 1.1.

The expected size of the PCR products was verified by electrophoresis on 2% agarose gel in TAE buffer
stained with ethidium bromide. Amplicons were purified and quantified as described in step 2.1. The
purified PCR product was ligated into the pGEM®-T Easy Vector Systems kit (Promega), and the
resulting ligation products were used to transform into Escherichia coli IM109 competent cells
(Promega) following the instructions of the manufacturer. Cloning screening was performed with
reamplification using the vector-specific primers pUC/M13. DNA extraction of the identified positive
clones was performed using the QlAprep Spin Miniprep Kit (Qiagen) and quantified with Qubit® 2.0
Fluorometer (Invitrogen). The copy numbers of each of the genes of interest were calculated from the
known concentration of the extracted DNA plasmid. Ten-fold serial dilutions of plasmids were run in
each gPCR assay in triplicate to generate a standard curve. The abundance of the five different genes
was determined by gPCR using the Rotor-Gene Q (Qiagen, Hilden, Germany) using the same primers
as for cloning. Each reaction was performed in a 20 pl volume containing 10 pl of PowerUp SYBR Green
Master Mix (Applied Biosystems), 0.56 pl of bovine serum albumin (Invitrogen), 400 nM of each
primer, 5 pl of DNA template, and nuclease-free water. Amplification conditions are described in Table
1.2.

A final dissociation stage (melt curve analysis) was performed to detect nonspecific amplification.
gPCRs products were also checked on an 2% agarose gel electrophoresis to check the specificity of the
amplification.
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TABLE1.1

TARGET
GENES
Code amoA nirk nifH ureC cbbL GH7
Ge.nt.e. ammonia nitrite nitrogena cbbL red-like cellulose
definiti monooxyg se urease :
reductase gene degradation
on enase reductase
irk876F
Primer amoAlF n.lr 876 ureC-F cbbL-RedF cbbL- GH7-F
nirk1040 PolF PoIR
names amoAlR R ureC-R RedR GH7-R
TGGGC
CTTAA
TGC GAY AATHC
GGGGTTT ATYGGCG CCS AAR AYGAR GAGATCAAG
Primer CTACTGG GVCAYGG GCB GAC GAYT AAGGAYGACGA CGCYTCTAYG
sequenc TGGT CGA TC GGG GAACATC TBCA
e(5- CCCCTCK GCCTCGA ATSGCCA GGTG TCGGTCGGSGT GTCRAGCCA
3)(*) GSAAAGC TCAGRTT TCATYTC GTGGC GTAGTTGAA SAGCATGTT
TTCTT! RTGGTT ACA
CTTCTTC GG RCCGGA CACC GG
ATNAN
CATRT
©
Ta (°C) 57 58 55 50/55 57 56
Amplico
nsize 491 165 362 340 - 242
(bp)
Rotthauw . .
Referen cotal Henry et Poly et al. Reed Selesietal., Tian et al.,
ce 19 97" al., 2004. (2001) (2001) 2005. 2017.

Table 1.1. Primer pairs for each gene of interest. (*) Sequence of forward and reverse primer.
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STEP # OF CYCLES TEMPERATURE TIME

amoA

Denaturation 1 95°C 10 min
Denaturation 40 95°C 15 sec
Annealing 58°C 30 sec
Extension 72°C 45 sec
nirk

Denaturation 1 95°C 10 min
Denaturation 40 95°C 25 sec
Annealing 60°C 30 sec
Extension 72°C 30 sec
nifH

Denaturation 1 95°C 5 min

Denaturation 40 95°C 30 sec
Annealing 56°C 30 sec
Extension 72°C 30 sec
ureC

Denaturation 1 95°C 10 min
Denaturation 40 95°C 30 sec
Annealing 56°C 30 sec
Extension 72°C 30 sec
chbL

Denaturation 1 95°C 10 min
Denaturation 40 95°C 1 min

Annealing B7C 2 min

Extension 72°C 2 min

GH7

Denaturation 1 95°C 10 min
Denaturation 40 95°C 30 sec
Annealing 56°C 30 sec
Extension 72°C 30 sec

Table 1.2. PCR cycling conditions for the different target genes.




This project has received funding from the
European Union’s Horizon 2020 research
and innovation programme under grant
agreementNo 817819

1.2.6  Statistical analysis

Statistical analyses were performed in R version 4.0.2 (R Core Team 2020) and R studio version
1.3.1073. All figures were made using ‘ggplot2’ (Wickham, 2016) R package. Significant differences in
mean functional genes abundances between treatments in case studies with two treatments (CS14a
and CS14b), were tested using a Mann-Whitney U test (Mann & Whitney, 1947; Wilcoxon, 1945).
Differences in mean functional genes abundances between treatments in case studies with three or
more treatments (CS1 to CS13 and CS15), were assessed with Kruskal-Wallis rank sum test (Kruskal
and Wallis, 1952). When significant values were obtained, a further analysis with a Dunn’s test (Dunn,
1964) comparison procedure was performed as a post hoc test (p < 0.05) to control for multiple
testing.

1.3 Results and discussion

1.3.1 Sequencing quality and taxonomic characterization

After quality filtering, a total of 6,296,484 reads were obtained for Case Study 1, with read counts per
sample ranging from 25,968 to 54,072. For Case Study 2, 426,059 reads were obtained, with counts
ranging from 28,434 to 40,207 per sample. In Case Study 1, the reads were classified into 3,932 ASVs
across 885 genera and 43 phyla. In Case Study 2, the reads were classified into 3,731 ASVs across 669
genera and 39 phyla. Case Study 1 was predominantly composed of Proteobacteria, Firmicutes, and
Actinobacteriota, while Case Study 2 was dominated by Actinobacteriota, Proteobacteria, and
Acidobacteriota (Figure 1.1). No clear differences were observed between treatment groups.

B Others Myxococcota B Gemmatimonadota Actinobacteriota
Phylum B Verrucomicrobiota B Planctomycetota Acidobacteriota B Firmicutes
Bacteroidota Chloroflexi B Crenarchaeota Protecbacteria
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Figure 1.1: Mean relative abundance (%) of the most abundant prokaryotic phyla in Case Studies 1 and 2 (CS1
and CS2) from the Mediterranean South region. Abbreviations for CS1 are: Ctrl, control with conventional
chemical fertilization; fert50, reduced chemical fertilization by 50%; red50Bacto, with “Bactoneco” (PGPB)
inoculant; red50Nuve, reduced chemical fertilization by 50% plus “Nuve” (fungi + bacteria) inoculant.
Abbreviations for CS2 are: Ctrl, control with standard organic fertilization; org70, reduced organic fertilizer by
70% plus bacterial inoculant; org70BioBa, reduced organic fertilizer by 70% plus bacterial and fungal
inoculants.

For Case Studies 3, 4, and 5, a total of 348,711, 841,380, and 482,996 reads were obtained after quality
filtering, respectively. In Case Study 3, the read counts ranged from 26,344 to 48,942 per sample,
classified into 2,938 ASVs across 792 genera and 39 phyla. Case Study 4 had read counts ranging from
24,534 10 58,488 per sample, classified into 5,599 ASVs across 978 genera and 48 phyla. For Case Study
5, read counts ranged from 38,708 to 92,945 per sample, classified into 3,144 ASVs across 649 genera
and 35 phyla. The Lusitanian case studies were primarily dominated by Actinobacteria, Proteobacteria,
and Firmicutes (Figure 1.2). In Case Study 3, there was a slight increase in Proteobacteria when
alternative crop rotation 2 (Alt2Pot) was used, with a corresponding reduction in Acidobacteria
compared to the control and Alt1Pot treatment. In Case Study 5, a clear reduction in Proteobacteria
and Acidobacteria was observed when no fungicide was applied (PotNoFA), while Firmicutes and
Chloroflexi among others were enriched compared to the control treatment (pest alert system control
in potato).

B Others B Crenarchaeota B Planctomycetota I Firmicutes
Phylum M wps-2 B Gemmatimonadota Chloroflexi Protecbacteria
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Figure 1.2: Mean relative abundance (%) of the most abundant prokaryotic phyla in Case Studies 3, 4, and 5
(CS3, CS4, and CS5) from the Lusitanian pedoclimatic region. Abbreviations for CS3 are: Ctrl, control with
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conventional potato treatment; Alt1Pot, alternative crop rotation 1 in the potato field; Alt2Pot, alternative
crop rotation 2 in the potato field. Abbreviations for CS4 are: Ctrl, control with conventional P fertilization in
potato; MycNoP, mycorrhizal inoculant with no P fertilization in potato; MycPotHP, mycorrhizal inoculant plus
half the P fertilization in potato; PotHP, half the P fertilization in potato; PotNoP, potato field with no P
fertilization. Abbreviations for CS5 are: Ctrl, pest alert system control in potato; ConvPotFA, conventional
fungicide application in potato; PotNoFA, potato without fungicide application.

For the case studies in the Atlantic Central region, the number of reads after quality filtering were
775,161, 543,672, 461,539, and 464,529 for Case Studies 6, 7, 8, and 9, respectively. In Case Study 6,
the read counts ranged from 32,453 to 67,792 per sample, classified into 4,084 ASVs across 784 genera
and 41 phyla. For Case Study 7, reads ranged from 30,610 to 44,364 per sample, classified into 5,160
ASVs across 971 genera and 44 phyla. In Case Study 8, read counts ranged from 22,905 to 36,836 per
sample, classified into 5,664 ASVs across 1,059 genera and 51 phyla. For Case Study 9, read counts
ranged from 32,399 to 34,123 per sample, classified into 4,084 ASVs across 784 genera and 41 phyla.
Case Studies 6 and 9 were predominantly composed of Proteobacteria, Actinobacteria, and
Acidobacteria, while Firmicutes, Proteobacteria, and Actinobacteriota were the dominant phyla in
Case Studies 7 and 8 (Figure 1.3). No apparent major impact of the tested treatments was observed
across the case studies.
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Figure 1.3: Mean relative abundance (%) of the most abundant prokaryotic phyla in Case Studies 6, 7, 8, and
9 (CS6, CS7, CS8, and CS9) from the Atlantic Central pedoclimatic region. Abbeviations for CS6: Ctrl = control
= conventional farming with cover crop mix destroyed and incorporated, FYM = with farm yard manure; AFV
= cover crop mowed and removed; AFVFYM = cover crop mowed and removed with farm yard manure;
AFVbrFYM = cover crop mowed and removed with farm yard manure composted with ‘brown’ material;
brFYM = farm yard manure composted with ‘brown’ material (e.g., grass clippings from nature reserves).
Abbreviations for CS7 are: Ctrl, standard conditions for potato as control; PhakgClov, Phacelia and Egyptian

D5.2 Report on biodiversity status of soil micro-organisms and soil fauna across the major European pedoclimatic 14



Soildiver

’
N\

clover as cover crops for potato; Mix5, mixture of 5 cover crop species for potato; Mix12, mixture of 12 cover
crop species for potato. Abbreviations for CS8 are: OrgInt, organic intensive farming for vegetables; OrgExt,
organic extensive farming for vegetables; Convint, conventional intensive farming for vegetables; ConvExt,
conventional extensive farming for vegetables. Abbreviations for CS9 are: Ctrl, control wheat field without
manure; Comp, composted green manure for wheat; FYM, farmyard manure for wheat; Ferm, fermented
green manure for wheat.
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After quality filtering, the number of reads in the Continental region case studies were 416,868,
338,562, and 589,949 for Case Studies 10a, 10b, and 11, respectively. In Case Study 10a, read counts
ranged from 30,704 to 52,897 per sample, classified into 5,100 ASVs across 1,066 genera and 49 phyla.
For Case Study 10b, read counts ranged from 30,817 to 41,681 per sample, classified into 4,148 ASVs
across 1,066 genera and 49 phyla. In Case Study 11, read counts ranged from 29,758 to 71,955 per
sample, classified into 5,828 ASVs across 811 genera and 41 phyla. The case studies involving wheat
as the crop species (Case Studies 10a and 11) were predominantly composed of Proteobacteria,
Actinobacteriota, and Acidobacteriota, while Case Study 10b, with potato as the crop species, was
dominated by Proteobacteria, Actinobacteriota, Firmicutes, and Acidobacteriota (Figure 1.4). No
major differences between treatments were observed across the case studies.
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Figure 1.4: Mean relative abundance (%) of the most abundant prokaryotic phyla in Case Studies 10a, 10b,
and 11 (CS10a, CS10b, and CS11) from the Continental pedoclimatic region. Abbreviations for CS10a are: Ctrl,
conventional wheat cultivation with reduced fungicides as control; Biostim, conventional wheat cultivation
with additive (Kantor), plant biostimulant (Nutri Phite Magnum S), and reduced fungicides; BiostimAdij,
conventional wheat cultivation with additive (Kantor), plant biostimulant (Nutri Phite Magnum S), plant
adjuvant (Smart Seed G), and reduced fungicides. Abbreviations for CS10b are: Ctrl, standard crop
management for potato as control; StripUndSow, cultivation with strip undersowing; BroadUndSow,
cultivation with broad undersowing. Abbreviations for CS11 are: Ctrl, conventional wheat farming as control;
ExtWhw, extensive wheat farming with wide seed rows and without pesticides; DivExtWhe, diversified
extensive wheat farming with wide seed rows and clover undersowing without pesticides.

D5.2 Report on biodiversity status of soil micro-organisms and soil fauna across the major European pedoclimatic 15



This project has received funding from the
European Union’s Horizon 2020 research
and innovation programme under grant
agreementNo 817819

Sfo? L

For Case Study 12 in the Nemoral region, 266,929 reads were obtained after quality filtering. The read
counts ranged from 26,922 to 48,963 per sample, classified into 3,910 ASVs across 853 genera and 44
phyla. The most abundant phyla were Proteobacteria, Actinobacteriota, and Acidobacteriota, with no
apparent differences observed between field treatments (Figure 1.5).
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Figure 1.5: Mean relative abundance (%) of the most abundant prokaryotic phyla in Case Study 12 (CS12) from
the Nemoral pedoclimatic region. Abbreviations are: Ctrl, conventional wheat farming as control; OrgConvTill,
organic farming with conventional tillage; ConvNoTill, conventional farming without tillage; FieldEdge,
conditions at the edge of the field.

For the case studies in the Boreal region, the number of reads after quality filtering were 367,680,
222,044, 250,663, and 272,612 for Case Studies 13, 14a, 14b, and 15, respectively. In Case Study 13,
read counts ranged from 24,950 to 62,133 per sample, classified into 4,540 ASVs across 962 genera
and 48 phyla. For Case Study 144, reads ranged from 32,460 to 33,896 per sample, classified into 3,442
ASVs across 953 genera and 48 phyla. In Case Study 14b, read counts ranged from 27,012 to 37,195
per sample, classified into 3,362 ASVs across 953 genera and 48 phyla. For Case Study 15, read counts
ranged from 22,512 to 30,774 per sample, classified into 4,164 ASVs across 905 genera and 49 phyla.
The most abundant phyla across all case studies were Proteobacteria, Acidobacteriota, and
Actinobacteriota (Figure 1.6). No apparent impact of treatments was observed across the case studies.
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Figure 1.6: Mean relative abundance (%) of the most abundant prokaryotic phyla in Case Studies 13, 14a, 14b,
and 15 (CS13, CS14a, CS14b, and CS15) from the Boreal pedoclimatic region. Abbreviations for CS13 are: Ctrl,
conventional potato farming without amendments as control; FS, nutrient-poor wood fiber sludge as
amendment; CPMS, nutrient-rich composted pulp mill sludge as amendment. Abbreviations for CS15 are: Ctrl,
conventional potato farming without cover crops; pha, Phacelia as cover crop after early potato harvest; rye,
mixture of rye grass as cover crop after early potato harvest. Abbreviations for CS14a are: Ctrl, organic spring
wheat farming with minimum tillage in spring; plough, organic spring wheat farming with ploughing tillage in
spring. Abbreviations for CS14b are: Ctrl, organic winter wheat farming with minimum tillage in autumn;
plough, organic winter wheat farming with ploughing tillage in autumn.

1.3.2 Alpha-diversity
In Case Studies 1 and 2, alpha diversity was not significantly affected by the fertilization treatments
compared to the control treatments with standard conventional and organic fertilization, respectively.
However, in case study 1, a slight increasing trend was observed for samples treated with the reduced
fertilization treatments relative to the control (Figure 1.7).
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Figure 1.7. Shannon indices (Shannon) and Observed number of Amplicon Sequence Variants (Observed) for
samples of case studies 1 and 2 (CS1 and CS2, respectively) located at the Mediterranean South pedoclimatic
region. Abbreviations for CS1 are: Ctrl, control with conventional chemical fertilization; fert50, reduced
chemical fertilization by 50%; red50Nuve, reduced chemical fertilization by 50% plus “Nuve” (fungi + bacteria)
inoculant; red50Bacto, with “Bactoneco” (PGPB) inoculant. Abbreviations for CS2 are: Ctrl, control with
standard organic fertilization; org70, reduced organic fertilizer by 70% plus bacterial inoculant; org70BioBa,
reduced organic fertilizer by 70% plus bacterial and fungal inoculants. Significant differences (p<0.05) between
treatment groups were investigated using Dunn's test following a Kruskal-Wallis analysis and is indicated by
letters a-c).

In the Lusitanian region, only Case Study 3 was significantly impacted by the tested crop rotation
treatments (Figure 1.8). Specifically, the alternative crop rotation 2 (Alt2Pot) resulted in a significantly
increased number of observed ASVs compared to the alternative crop rotation 1 treatment. However,
the increased number of observed ASVs in the Alt2Pot treatment did not significantly differ from the
conventional control treatment.
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Figure 1.8. Shannon indices (Shannon) and Observed number of Amplicon Sequence Variants (Observed) for
samples of the case study 3, 4 and 5 (CS3, CS4 and CS5, respectively) located at the Lusitanian pedoclimatic
region. Abbreviations for CS3 are: Ctrl, control with conventional potato treatment; Alt1Pot, alternative crop
rotation 1 in the potato field; Alt2Pot, alternative crop rotation 2 in the potato field. Abbreviations for CS4
are: Ctrl, control with conventional P fertilization in potato; MycPotHP, mycorrhizal inoculant plus half the P
fertilization in potato; MycNoP, mycorrhizal inoculant with no P fertilization in potato; PotHP, half the P
fertilization in potato; PotNoP, potato field with no P fertilization. Abbreviations for CS5 are: Ctrl, pest alert
system control in potato; ConvPotFA, conventional fungicide application in potato; PotNoFA, potato without
fungicide application. Significant differences (p<0.05) between treatment groups were investigated using
Dunn's test following a Kruskal-Wallis analysis and is indicated by letters a-c. Figure x. Average number of
observed OTUs between agricultural management systems in the case studies implemented from each
pedoclimatic region: CS1-2 (Mediterranean South), CS3-5 (Lusitanian), CS6-9 (Atlantic Central), CS10-11
(Continental), CS12 (Nemoral), CS13-15 (Boreal). Agricultural management system of the farms is indicated
by colour with conventional (conv) farms being red and organic (org) farms being blue. Significant differences
in values were obtained with t-test (p-values: **** <0.0001, *** <0.001, ** <0.01, * <0.05).

Alpha diversity was not impacted by the treatments in case studies 6-9 of the Atlantic central region.

D5.2 Report on biodiversity status of soil micro-organisms and soil fauna across the major European pedoclimatic 19



This project has received funding from the
European Union’s Horizon 2020 research
and innovation programme under grant
agreement No 817819

CsS6 Cs7 CS8 Cs39
7.0 Y 704 704 7.0-
c a E a‘
=] a — a a
£ 851 | g E?.—-—. 6.5+ =y 8. 4 | 651 te s 651 &, .
== ] . | u t .
PSR ETT Y - L | e
W 604 6.0 6.0 == = | 801
554 554 5.5 5.54
!
1500 4 1500 1 1500 1 1500
g a H a 8 a 1
10004 [ by a4 gygle| 1000 . T L3 _a (10004 e % 10007 s -,
2 |==T=C : i - [. B2 = s B
O 5004 500+ 500+ 5004 .
e 04, : : ! 0- |
& Y U RV ' y b . v v v T
o S o & &
S VE FAES ves S

Figure
1.9. Shannon indices (Shannon) and Observed number of Amplicon Sequence Variants (Observed) for samples
of the case study 6, 7, 8 and 9 (CS6, CS7, CS8 and CS9, respectively) located at the Atlantic Central pedoclimatic
region. Abbreviations for CS6: Ctrl = control = conventional farming with cover crop mix destroyed and
incorporated, FYM = with farm yard manure; AFV = cover crop mowed and removed; AFVFYM = cover crop
mowed and removed with farm yard manure; AFVbrFYM = cover crop mowed and removed with farm yard
manure composted with ‘brown’ material; brFYM = farm yard manure composted with ‘brown’ material (e.g.,
grass clippings from nature reserves). Abbeviations for CS7: Ctrl, standard conditions fro potato as control;
PhaEgClov, Phacelia and Egyptian clover as cover crop for potato; Mix5, mixture of 5 cover crop species fro
potato; Mix12. mixture of 12 cover crop species fro potato. Abbeviations for CS8: OrglInt, organic intensive
farming for vegetables; OrgExt, organic extensive farming for vegetables; Convint, conventional intensive
farming for vegetables; ConvExt, conventional extensive farming for vegetables. Abbeviations for CS9: Ctrl,
control wheat field without manure; Comp, composted green manure for wheat; FYM, farmyard manure for
wheat; Ferm, fermented green manure for wheat.Significant differences (p<0.05) between treatment groups
were investigated using Dunn's test following a Kruskal-Wallis analysis and is indicated by letters a-c.

No significant differences between treatments were observed for the case studies of the continental
region (Figure 1.10).
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1.10. Shannon indices (Shannon) and Observed number of Amplicon Sequence Variants (Observed) for
samples of the case study 10a, 10b and 11 (CS10a, CS10b, and CS11, respectively) located at the Continental
pedoclimatic region. Abbreviations for CS10a are: Ctrl, conventional wheat cultivation with reduced
fungicides as control; Biostim, conventional wheat cultivation with additive (Kantor), plant biostimulant (Nutri
Phite Magnum S), and reduced fungicides; BiostimAdj, conventional wheat cultivation with additive (Kantor),
plant biostimulant (Nutri Phite Magnum S), plant adjuvant (Smart Seed G), and reduced fungicides.
Abbreviations for CS10b are: Ctrl, standard crop management for potato as control; StripUndSow, cultivation
with strip undersowing; BroadUndSow, cultivation with broad undersowing. Abbreviations for CS11 are: Ctrl,
conventional wheat farming as control; ExtWhw, extensive wheat farming with wide seed rows and without
pesticides; DivExtWhe, diversified extensive wheat farming with wide seed rows and clover undersowing
without pesticides.Significant differences (p<0.05) between treatment groups were investigated using Dunn's
test following a Kruskal-Wallis analysis and is indicated by letters a-c.

No differences in alpha diversity metrics were observed for case study 12 of the nemoral region (Figure
1.11).
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Figure 1.11. Shannon indices (Shannon) and Observed number of Amplicon Sequence Variants (Observed) for
samples of the case study 12(CS12, respectively) located at the Nemoral pedoclimatic region. Abbeviations:
Ctrl, conventiol wheat farming as control; OrgConvTill, organic farming with conventional tillage; ConvNaTill,
conventional farming without tillage. FieldEdge, conditions in the edge of the field. Significant differences
(p<0.05) between treatment groups were investigated using Dunn's test following a Kruskal-Wallis analysis
and is indicated by letters a-c.

None of the case studies in the Boreal region showed significant differences in alpha diversity across
treatments (Figure 1.12), indicating a limited impact of the tested agricultural practices on prokaryotic
alpha diversity.

D5.2 Report on biodiversity status of soil micro-organisms and soil fauna across the major European pedoclimatic 22



Soildiver

A
&

This project has received funding from the
European Union’s Horizon 2020 research
and innovation programme under grant
agreement No 817819

Cs13 CS14a CS14b Cs15
70 7.0 7.0 7.0
7. a
c A . .l !
S 65 2 65 == 65 =t 2 | 68 o,
- . | EE—
B 60 6.0 6.0 6.0+ B
55 55 1 + 55 t 1 5.5
15004 1500 1500 1500
2. 1
8 10004 1000 3 — a 1000 4
z a. " - e 10004 —=— i a. I .
% - ——— - .. .
O 500 . 500 500 500
oy F— : i 0 0 [y S— . r
-4
0\(\ dt‘b & 0%\ & d@ \g‘é\ o\i‘ & &
< & q

Figure 1.12. Shannon indices (Shannon) and Observed number of Amplicon Sequence Variants (Observed) for
samples of the case study 13, 14a, 14b and 15 (CS13, CS14a, CS14b and CS15 respectively) located at the Boreal
pedoclimatic region. Abbreviations for CS13: Ctrl, conventional potato farming without amendments as
control; FS, nutrient-poor wood fiber sludge as amendment; CPMS, nutrient-rich composted pulp mill sludge
as amendment. Abbreviations for CS15: Ctrl, conventional potato farming without cover crops; pha, Phacelia
as cover crop after the early potato harvest; rye, mixture of and rye grass as cover crop after the early potato
harvest. Abbreviations for CS14a: Ctrl, organic spring wheat farming with minimum tillage in spring; plough,
organic spring wheat farming with ploughing tillage in spring. Abbreviations for CS14b: Ctrl, organic winter
wheat farming with minimum tillage in autumn; plough, organic winter wheat farming with ploughing tillage
in autumn.Significant differences (p<0.05) between treatment groups were investigated using Dunn's test
following a Kruskal-Wallis analysis and is indicated by letters a-c.

1.3.3  Beta-diversity
Beta diversity was significantly affected (p < 0.05) by the reduced chemical fertilization regimes in Case
Study 1 of the Mediterranean South region, with a slight separation observed between the Control
treatment with conventional chemical fertilization and the other treatments with reduced chemical
fertilization (Figure 1.13 and Table 1.3). In contrast, Case Study 2 showed no significant differences
between the treatments and the control.
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Figure
1.13. Nonmetric multidimensional scaling (NMDS) of the prokaryotic Amplicon sequence variant (ASV)
composition of case studies 1 and 2 (CS1 and CS2, respectively) implemented in the Mediterranean South
pedoclimatic region. Abbreviations for CS1 are: Ctrl, control with conventional chemical fertilization; fert50,
reduced chemical fertilization by 50%; red50Nuve, reduced chemical fertilization by 50% plus “Nuve” (fungi +
bacteria) inoculant; red50Bacto, with “Bactoneco” (PGPB) inoculant. Abbreviations for CS2 are: Ctrl, control
with standard organic fertilization; org70, reduced organic fertilizer by 70% plus bacterial inoculant;
org70BioBa, reduced organic fertilizer by 70% plus bacterial and fungal inoculants. The number in the top-
right corner of each plot indicate the stress level of the NMDS ordination

In the Lusitanian region, both Case Study 4 and Case Study 5 were significantly impacted by the
implemented treatments (Figure 1.14 and Table 1.3). Particularly in Case Study 5, a clear separation
was observed for the treatment with no fungicide application (PotNoFA) compared to the control and
conventional fungicide treatment (ConvPotFA). No significant effects were noted in Case Study 3.
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Figure 1.14. Nonmetric multidimensional scaling (NMDS) of the prokaryotic Amplicon sequence variant (ASV)
composition of case studies 3, 4 and 5 (CS3, CS4 and CS5, respectively) implemented in the Lusitanian
pedoclimatic region. Abbreviations for CS3 are: Ctrl, control with conventional potato treatment; Alt1Pot,
alternative crop rotation 1 in the potato field; Alt2Pot, alternative crop rotation 2 in the potato field.
Abbreviations for CS4 are: Ctrl, control with conventional P fertilization in potato; MycPotHP, mycorrhizal
inoculant plus half the P fertilization in potato; MycNoP, mycorrhizal inoculant with no P fertilization in
potato; PotHP, half the P fertilization in potato; PotNoP, potato field with no P fertilization. Abbreviations for
CS5 are: Ctrl, pest alert system control in potato; ConvPotFA, conventional fungicide application in potato;
PotNoFA, potato without fungicide application. The number in the top-right corner of each plot indicate the

stress level of the NMDS ordination.

In the Atlantic Central region, Case Studies 8 and 9 were significantly impacted by the treatments
(Figure 1.15 and Table 1.3). In Case Study 8, a clear separation was observed between conventionally
(ConvExt and Convint) and organically (OrgExt and Orgint) farmed samples. In Case Study 9, the impact
of the treatments was less distinct. No significant effects were observed in Case Studies 6 and 7.
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Figure
1.15. Nonmetric multidimensional scaling (NMDS) of the prokaryotic Amplicon sequence variant (ASV)
composition of case studies 6, 7, 8 and 9 (CS6, CS7, CS8 and CS9, respectively) implemented in the Atlantic
Central pedoclimatic region. Abbeviations for CS6: Ctrl = control = conventional farming with cover crop mix
destroyed and incorporated, FYM = with farm yard manure; AFV = cover crop mowed and removed; AFVFYM
= cover crop mowed and removed with farm yard manure; AFVbrFYM = cover crop mowed and removed with
farm yard manure composted with ‘brown’ material; brFYM = farm yard manure composted with ‘brown’
material (e.g., grass clippings from nature reserves). Abbreviations for CS7 are: Ctrl, standard conditions for
potato as control; PhaEgClov, Phacelia and Egyptian clover as cover crops for potato; Mix5, mixture of 5 cover
crop species for potato; Mix12, mixture of 12 cover crop species for potato. Abbreviations for CS8 are: Orgint,
organic intensive farming for vegetables; OrgExt, organic extensive farming for vegetables; Convint,
conventional intensive farming for vegetables; ConvExt, conventional extensive farming for vegetables.
Abbreviations for CS9 are: Ctrl, control wheat field without manure; Comp, composted green manure for
wheat; FYM, farmyard manure for wheat; Ferm, fermented green manure for wheat. The number in the top-
right corner of each plot indicate the stress level of the NMDS ordination.

No significant impact on beta diversity was observed in the case studies of the Continental
pedoclimatic region (Figure 1.16 and Table 1.3).
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Figure 1.16. Nonmetric multidimensional scaling (NMDS) of the prokaryotic Amplicon sequence variant (ASV)
composition of case studies 10a, 10b, and 11 (CS10a, CS10b and CS11, respectively) implemented in the
Continental pedoclimatic region. Abbreviations for CS10a are: Ctrl, conventional wheat cultivation with
reduced fungicides as control; Biostim, conventional wheat cultivation with additive (Kantor), plant
biostimulant (Nutri Phite Magnum S), and reduced fungicides; BiostimAdj, conventional wheat cultivation
with additive (Kantor), plant biostimulant (Nutri Phite Magnum S), plant adjuvant (Smart Seed G), and
reduced fungicides. Abbreviations for CS10b are: Ctrl, standard crop management for potato as control;
StripUndSow, cultivation with strip undersowing; BroadUndSow, cultivation with broad undersowing.
Abbreviations for CS11 are: Ctrl, conventional wheat farming as control; ExtWhw, extensive wheat farming
with wide seed rows and without pesticides; DivExtWhe, diversified extensive wheat farming with wide seed
rows and clover undersowing without pesticides. The number in the top-right corner of each plot indicate the
stress level of the NMDS ordination.

The sample size of the case study 12 of the Nemoral region were too small to conduct any statistical
analysis, however, based on the NMDS plot, no apparent impact of the treatments were observed
(Figure 1.17).
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Figure 1.17. Nonmetric multidimensional scaling (NMDS) o