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WHY SOIL??

Organisms

From an anthropocentric point of view.. — G ’ “‘
-it sustains our life
-it allows us to have food and water

Er.u.
Soil

In general..
It sustains life.

Soil gives us clean air and water, bountiful crops and
forests, productive grazing lands, diverse wildlife, and
beautiful landscapes.
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Farmland is being consumed by urban development

Increasing preassure
on soil resources

Amount of cropland per capita has declined

Soil degradation in the world (FAO)
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Amount of cropland, in hectares per person, plotted against

yield in 1,000s of kilograms and world population (projected . . phySlcal degradatlon
population dashed line.) Data from FAO 2019; FAO 2020 Chcmlcal ngl'adatIOIl 4.0%

12.0%

water erosion

wind erosion 56.0%

28.0%
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Healthy soil vs Unhealthy soil

Healthy soil has got a nice, dark, black color. Soil with
little to no life in it looks more like dirt: brown and dry.
Poor soil will turn to brown mud when it gets wet.
Healthy soil absorbs moisture beautifully and should
not have a muddy feel.

et

-~ Organic matter

Poor soil

Clay

Unhealthy soil doesn't have the moisture and nutrients
needed to thrive, which makes it dry, crumbling, and
cracked. When you pick up the dirt, it might crumble
quickly in your hands or be difficult to break apart. Proper
watering and irrigation would improve the soil's condition
in these instances.
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In general Soil

Indicator: measure, generally quantitative, that can be Indicators provide relevant and meaningful information
used to illustrate and communicate complex » about the status and dynamic behavior of soil, with
phenomena simply, including trends and progress over regard to its (multi-) functionality as well as impact on
time. ecosystem services.

Thresholds are perceived as values above or below Beyond such values, soil would be considered as
which a significant shift or a rapid negative change degraded, with restoring action needed.
takes place.
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Ecological Indicators 118 (2020) 106740

Contents lists available at ScienceDirect

An example..

Ecological Indicators

E | '3} \ |[ R journal homepage: www.elsevier.com/lacate/ecoling

Soil water availability threshold indicator was determined by using plant
physiological responses under drought conditions

Ze Huang™"™*, Yu Liu™", Fu-Ping Tian‘, Gao-Lin Wu"""*

Planted = Plant growth — Drought stress * Simulate
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Legumes have higher capability to encounter drought
resistance than grasses
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The Driver-Pressure-State-Impact-Response framework applied to soil
(in general, not considering each ecosystem)

‘Pressures’

Land use & management and
associated soil threats, i.e soil

e e e erosion, organic matter decline,
Pedoclimatic conditions, < contmiation. seing,

Land use policies \ compaction, salinization,
flooding & landslides

Soil and "' I, Water ineralogy, soi
aboveground biota Temperature structure, pH, organic

matter, contaminants
utrients
cyclmg cycling

Ecosystem goods & services delivery

Brussaard et al. 2007. https://doi.org/10.1016/j.pedobi.2006.10.007
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‘State’ of
ecosystem

‘Impact’ on
ecosystem
functioning

Adaptive management



https://doi.org/10.1016/j.pedobi.2006.10.007

Linkages between soil threats, soil functions, and soil-based ecosystem services

PRESSURES

Soil threats Soil functions, i.e. (bundles Soil-based

of) soil processes ecosystem services
Erosion Habitat provision

(roots, soil organisms) Biomass production
SOM decline

Element cycling
Biodiversity conservation

Contamination Decomposition

: i i Erosion control
sealing Soil structure maintenance
_ Biological population
Compaction regulation Pest and disease control

Water cycling (infiltration,
retention, percolation)

Biodiversity loss

EoR s Water quality and supply
SRl Organic matter cycling
(humus formation,

C sequestration) Climate regulation

Landslides &
floods

Brussaard et al. 2012.

https://www.doi.org/10.1093/acprof:0s0/9780199575923.003.0005
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https://www.doi.org/10.1093/acprof:oso/9780199575923.003.0005

Indicators for soil health..and changes along the time!

Main
objective(s)

Tools

Methods

Indicator trends

Overall
approach

» Time

Before 1970 c.1970-90 c. 1990-2010 c. 2010 onwards
Suitability for Productivity Productivity, Multi-functionality,
crop growth environment, ecosystem services,

animal/human health resistance & resilience

= Digital
Visual Analytical &
Soil assessment Soil quality test kits, High-throughput methods,
based on colour, add (bio)chemistry, add microbiology
structure, macrofauna multivariate statistics
Few indicators Many indicators Minimum data sets Novel indicators
Scientific analysis Interactive design and
and expert advice decision-making with end users

Bliinemann et al. 2018.
https://doi.org/10.1016/j.s0ilbio.2018.01.030
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https://doi.org/10.1016/j.soilbio.2018.01.030

But...how to choose type of measurements, harmonise data
..and then indicators to monitor the status of soils?

What about standardization and harmonisation?




In general..

STANDARDISED DATA IS STILL NOT HARMONISED DATA

STANDARDISED DATA HARMONISED DATA
explicit data = FAIR transformed data to a common standard
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Standardisation is describing data in the same way (agreed definitions, structure, format)
Harmonisation is translating data to the same units, lab methods, definitions, etc.




eaihwoms

M mineralisation
rmicrabial biomass

s0il respiration

labile C and N
micronutrients

sodicity, saliniy

cther macronutrients (Mg, 5, Ca)
heavy metals

avallable

cation exchange capacity
electrical conductivity
total W

evailable K

available P

pH

totel organic matter'carbon
infittration

aggragation

ponesty

hydraulic comnductvity
penalration resisiance
sail depth

struciual stability

tenture

bulk densiy

If we search for forest soils..

Biological indicators

Chemical indicators

Physical indicators

Fig. 4. Frequency of different indicators (min,
104} in all reviewed soll quality assessment ap-
proaches (no= &5], Soll blological, chemieal and
physical indicanors shown in green, red and blue,
respectively, For further detalls on indleators see
Supplementary Table 3. Publications dealing ex-
clugiwely with forest soils (eg. Schoenbolie eoal,
2000; Zhang, 19921 or focusing on biolegical in-
dicators oaly, withour also looking ar chemical
andsor phyeieal indicatars (Filip, 2002; Parisi
el al., 2005: Ritz el al., 2009), were ol included
in this compilation, IF the same authors proposed
the same set of indicators in more than one
publication, then only the lrst was considered. In
[ publli:-an‘mu [Andrews el al., 2002 Bigwas
eral, 2017, two different sets of indicator were
proposed. Thus, the total number of reviewed
publications was 62 while the total numher of
indicator sets was G5,

Are we sure they are

measured and analysed
with the same method?

Review by Brussaard et al. 2018.
https://doi.org/10.1016/].s0ilbio.2018.01.030

waler slorage



https://doi.org/10.1016/j.soilbio.2018.01.030

Main steps in the development of a soil quality assessment approach

Define objectives
Sail indicators: analytical and/or field methods; .
\ use pedotransfer functions when needed and » direct
high throughput approaches as much as
Identify and involve target users possible

\ Non-soil indicators: e.g. plant nutrient status, » indir—ect

. . wedd, socio-economic indicators
Select indicatorsfor targeted soil ‘ Y C ato
functions and ecosystem services

Site description: ¢.8. climate, topography

Establish clear inkages between indicators and soif
threats/functions/ecosystem services

Allow for possibility to choose between substitute
mndicators, 1.e. for parallel knes of evidence

Define sampling depth depending on target functions the beginning of monitoring

\ e.8. texture-dependent

Test and Establish reference (baseline value) and/or Sconng curves or critical imits
improve interpretation of indicators

¢.8. average soll indicator at

Create interactive soil quality assessment tool
Provide (using available digital information)

management
advice

Brussaard et al. 2012.
https://www.doi.org/10.1093/acprof:0s0/9780199575923.003.0005
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https://www.doi.org/10.1093/acprof:oso/9780199575923.003.0005

From research level to policy and..
viceversa!

Soil health
indicator
framework

What?

AN EXAMPLE: EUROPEAN COMMISSION

Observable soil properties
[Measurements)

SOC, N, P Physical
Textural classes, structure properties

oH
Depth, stone content, mineralogy
Bulk density
Water content, soll temperature
Soil biota {micro, meso, macro) 8 .
Cation and anion content (contaminants, Biological
acidifiers, salts

nutrients, properties

Chemical
properties

Soil quality

Derived soil properties
[Modelling]

“potential/intrinsic soil
quality” or “soil capability”

P I

Soil threat indicators So

SOC loss

Soil nutrient loss =N and P
Soil acidification
Contaminants in soil  effecton sov fanctaans
Soil biodiversity loss -_—
- : m—
Soil erosion Sl e
Soil compaction extend of soil thrects
Salinization ™
Soil sealing
Thresholds
Critcol levels
Soil health

il functional indicators
[tentotve bst]

Biomass productivily (i.e. soil

quality rating)

Water storage capacity
Soil moisture deficit
Groundwater reproduction
Carbon storage capacity
Nutrient mobilization and

buffering capacity
Habitat provision capacity

“dynamic (actual) soil quality”
related to soil functions

‘ puai) g smels

externol (environmentol) fuctors
{climmnte, lond wuse, Inpurs, emissions)

&= Drivers & Pressures

Ecosystem
Soil funct:om  services

Food production
(soil fertility)

Water retention

Water purification
& regulation

Carbon pool &
climate regulation

Nutrient dynamics
Habitat

Provisioning

Regulating

Supporting

Impact

European Environment Agency



Soil status and trend, impact

Status of the
World's Soil = .
» Resources > Lt T eyt
(7)) 5 (FAO and M :ﬁf-g&-m-m
5 £ [TPS, 2015,
) % 2025, ff) Soil Threats Soil Functions
(O O State and Outlook of the
.2 &) Environment (SOER Soil ?eallng N Biomass production IS §§
t — 2020’ 2025’ 2030’ ff) Erosion . E Storafgeafld filter' \ l<m
o= 35 Loss of organic matter |/ Hosting Biodiversity \ - :??,w;:“
== = National and European Soil PecineinBodvesity [7]  {EE ties  [Z —, Moo
a. Condition Assessments Contamination (1] Provisonraw [
= (Ca‘ 10 Cy cl es, 2020 Compaction _L Carbon Pool )
ongoing) Landsides D] frhseoogel [
Reginal and local soil Salinietion 7
management Eutrophication/ _l_
Acidification
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AN EXAMPLE: EUROPEAN COMMISSION

Conceptual basis of the EU Healthy Soil Law

Target: all soils are healthy by 2050

Member states

* To identify unhealthy soils as " .
locations for restauration measures [ Sof A frameworlf L ]
) 50il functional & EU monitoring grid
= To monitor and report about the soil threat indicators (LUCAS Soil)
health of soils, in response to 'v
management plans Member States’ (MS) criteria & monitoring
Regr'gf"e?,gig C:Il(‘;t;:sed National monitoring

MS identify extend of unhealthy soils
Where? — v'

; MS identify/adopt restauration measures

National Healthy Soil Repcfr’ts
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Healthy soils/degraded soils: risk-based approach

Eco system service

Soil Function Change in actual Land Use

Protection target

v v

Endpoints - soil / water / product / quality

——— Thresholds (limits) —

v

Evaluation

Detection of a loss of soil quality to a level
when soil functions are reduced so that
important ecosystem services are affected.

-

Action needed
(policy induced)

v

Actual level < Threshold Actual level > Threshold

!

Source: EEA 2021 (Figure by P. Roemkens)



Dynamic assessment of soil degradation

= indicate a critical limit beyond which soil functions are “significantly” reduced

Thresholds  or even lost: degraded/not degraded

Current compared to critical imit

serve as orientation for the trend of soil recovery/degradation
= prevent harm from protection targets (water quality biodiversity, income, etc.)

> at least one indicator shows threshold
Unhealthy eyceedance (One Out/All Out approach)

Negative trend

a) Positive indicator trends while threshold
indicates exceedance

b) restorative measures put in place (while
soil indicators have not changed yet)

¢) no threshold exceedance, but negative
trend of an indicator

Threshold

Positive trend

ajeIpawialu)

no threshold for none of the
> Healthy indicators is exceeded

Monitoring

time

AV
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Soil indicators and thresholds: state of the art

Sand: 1,5 (1,0-2,0) [% SOC]
Agriculture  Deceedance of optimal SOC Silt: 1,9 (1,4-2,4)
Loam and clay: 1,6 (1,0-2,8)

Soil organic
carbon loss

Exceedance of critical levels of mineral NH in air: 1 - 3 [mg NH3 m™]

Agriculture ! NO:s in ground water: 50 [mg NOz |']
nitrogen N in surface water: 1.0to 2.5 [mgN "]
Forest N limitation based on exceedance of C/N /N 20-25
ratio leakage from forests: 1 [mg N I'']
Agriculture  Deceedance of optimal phosphorus P concentration 25-35 (optimal P fertility class)
Eorest P limitation based on exceedance of N/P  N/P ratio > 18 (coniferous forests)
ratio N/P ratio > 25 (deciduous forests)
Acidification Agriculture Crit!cal !)H Ieve!s pH < 4.5-- 4.7 B
Forest Critical inorganic Al levels base cation/aluminium ratio = 1 (0.5-2.0) &
; i Cd, Cu, Pb and Zn by country [mg/kg]
Soil pollution Agriculture Exiefe dan:‘e of scrEfn'lng I\Ilatl'u s for critical (Arsenic still to be added; review of organic
risk from heavy metal pollution pollutants ongoing)
Soil erosion Agriculture  Actual rate of soil loss by water erosion 2 [t ha” yr'] (soil loss tolerance)
LT . Loss of soil biodiversity (subindicators a) safe minimum standard of conservation
Sol b'?:;: by / 2 v ) b) Operating Ranges (OR) for specific soil animals
to be developed ~ 3nd microorganisms
g R Harmful subsoil compaction Saturated hydraulic conductivity (Ks) < 10 [cm/d]
Soil compaction Agriculture (subindicators) priority (sub) indicators  Air capacity (AC) <5 [%]

Soil sealing Sealed area per total area National targets to achieve No Net Land Take




Soil indicators and thresholds: soil organic carbon (SOC)

Site-specific, typical SOC or SOM values under current management

Benchmark SOC values
— Natural soils (forest soils with low historic disturbance)
- 25 quartile of the SOC median for permanent grassland

— Modelled SOC steady state (25 yrs) for grassland

Reference values

combined with data from long term field experiments)

Soil vulnerability index based on the SOC/clay ratio

Reciprocal SOC sequestration potential

Thresholds from long-term field experiments

Farmers perspective on deficient SOC

Optimal SOC content for soil functioning (based on the role of SOC in soil functional PTF,

AN EXAMPLE: EUROPEAN COMMISSION

Indicator e POl bcoruerc
7 . || craco o
Functional SOC / | e
S " Pl
deficiency” for LB S
arable land “5 & &
s R ‘_}’»ﬁf
(ORI LR
*::".af,r \ t\/_,\w;
v R £
Climatic regions Long-tgrm field SOC/F:Iay
experiments ratio
1,5% 13,9%
Atlantic 12,3% 27,3%
Boreal 0,0% 0,2%
Continental 13,6% 23,8%
Mediterranean 59,7% 75,9%
25,2% 37,1%

Loss of SOC below critical
lovels in agricultural soils

"5 sociciy mtio
B crical oss




Soil erosion functional indicators

Define target soil quality: minimum good status of potential ecosystem service supply

Threshold: site-specific limits for tolerable erosion rates are needed

Steinhoff-Knopp et al. (2020)

Ecosystem
service

Crop
provision

Water
filtration

Water flow
regulation

Fresh water
provision

Indicator

potential
arable yield

Nitrate
leaching
vulnerability

Water storage
capacity

Percolation
rate

Specifi-
cation

Potential
yield winter
barley [t/ha]

Water
exchange
rate [%/a]

potential
storable
water [mm]

Percolated
water [mm/a])

Status ecosystem service supply

0 1 2 4 5

no very low low high very high
0 <2500 2500 -287 250 - 3625 23625
0 2 250 150 - 250 70-100 <70
0 <50 50 -90 140 - 200 2200
0 <200 200to<2 to<350 2350




..other open questions in soil monitoring:
1) chemical and physical indicators: harmonization?
2) biological indicators: where we are?
3) what about new threats?
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1) Chemical and physical indicators: harmonization?

What about new measurement methods?
Quantitative vs qualitative, for example

Proximal and remote sensors for soil quality

wropenouml ot §oj] Science

European Journal of Soil Science, December 2010, 61, 865-876 doi: 10.1111/5.1365-2389.2010.01301.x

Soil properties prediction of western Mediterranean
islands with similar climatic environments by means
of mid-infrared diffuse reflectance spectroscopy

L.P.D’AcQut®, A. Pucci®* & L. J. Janik®

%ST

. I ~—
The IR Spectrum of an Organic Soil i
Hutton
) Institute
as kao{lte \ /\'
\\ ;J \t Al
| . /
55 Can:o'xylate, Protein
605 , lignin, water
Polysaccharide, water 2 _ J
“ Polysaccharide, silicate \/

fl

300 3000 2500 2000 1500 1000
VWawenumbers (cm-1)

Artz et al. (2008) Soil Biol. Biochem.
40, 515-527 doi: http://dx.doi.
0rg/10.1016/j.s0ilbio.2007.09.019
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2) Biological indicators: where we are?

Soil biodiversity and policy...

By Orgiazzi 2022




2) Biological indicators: where we are?

* germplasm * plant and soil health
« tillage, rotation, fertilisation Cropping systems  « sustainable management
= genetics and gene exprassion * maximise productivity

CSIRO PUBLISHING

Senid Rewearch, 2020, 58, 1-20
hitps://doiorg/ 10107 VSR 19067

Review

Soil biodiversity and biogeochemical function in managed
ecosystems

X. D. Chen™FC, K E. Dunfield®, T. D. Fraser®, 5. A. Wakelin®, A. E. Richardson @E, and
L. M. Condron @+

* grazed and non-grazed system

= urine, dung and manure

* maximise productivity

production
systems

Fig. 1. Schematic representation of major links between soil biota and functional processes in managed ecosystems represented by
intensive cropping, animal production, and planted forest systems.

Planted forests

Animal production Crop production

i Manure Urine and,  Diverse Monoculture
ungrazed) dung
(grazed)

Inorganic
inputs

Fig. 2.  Main inputs (rectangles) and disturbance (circles) identified in managed ccosystems (planted forests.
animal production, and crop production) that influence microbial diversity and function. The generalised impact
on soil biodiversity by each is depicted by green (positive), blue (neutral/unknown}, and red (negative) arrows,
Drawing is not to scale,




2) Biological indicators: where we are?

..a proposed approach..

..sometimes
impossible..

Cultivable

Possess DNA

Received: & July 2017 I Revised: 11 December 2017 | Accepted: 13 December 2017

Ok 10,1111 mec, 14478

INVITED REVIEWS AND SYNTHESES

WILEY EhEaEGyEaste,

Scaling up: A guide to high-throughput genomic approaches
for biodiversity analysis

Teresita M. Porter?( | Mehrdad Hajibabaei'(

Biomonitoring

Repeated biodiversity measurements across time and space

Biodiversity

Measurement of alpha, beta, and gomma diversity for community analyses
Integration of DNA-based, biological and environmental ecolagical indicators

DNA-based indicators

Includes ESVs, OTUs, taxa, genes,
genomes, metagenomes,
metatranscriptomes, or
metabolic activity predicted from
sequence analysis.

Identification of sequences by
comparison with reference
databases according to
predefined cut-offs.

Biological indicators

Includes species, indicator
assemblages, communities,
trophic guilds, biomass, density
or metabolic activity derived
from direct measurement.

|dentification of species largely
based on morphological
characters and manual
comparison with taxonomic keys.

Environmental indicators

Site characteristics such as
nutrient levels, moisture,
temperature or other structural
MEasures,

Earth observation data such as
nurmerical weather data,
photograph radar or sonar

imagery.

FIGURE 1 Integration of data types in biodiversity genomics. Boxes gutline the various ways bicdiversity can be sampled using DNA-based
or traditional methods that use biological and envirenmental ecological indicators




2) Biological indicators: where we are?

ATTCC
CTTCC
GGTTCLAA

Biological Conservation 183 (2015) 4-18

Contents lists available at ScienceDirect

‘ Biological Conservation
&

v U v v ELS[:'I]:'R journal homepage: www.elsevier.com/locate/biocon

t ' b I Special Issue Article: Environmental DNA

P = A . . . . .

'2 g g L = Environmental DNA - An emerging tool in conservation for monitoring @Cmsmrk

past and present biodiversity

Philip Francis Thomsen, Eske Willerslev *

eDNA
Genetic material obtained directly from environmental samples (soil, sediment, water, etc.)
without any obvious signs of biological source material

>\‘§
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2) Biological indicators: where we are?

Science of the Total Environment 749 (2020) 142262

Contents lists available at ScienceDirect

Science of the Total Environment

journal homepage: www.elsevier.com/locate/scitotenv

Changes in soil microbial communities in post mine ecological

restoration: Implications for monitoring using high throughput
DNA sequencing

M. van der Heyde ***, M. Bunce "¢, K. Dixon ?, G. Wardell-Johnson ®, N.E. White ®, P. Nevill *®

=

Biological Conservation 217 (2018) 113-120

Contents lists available at ScienceDirect 4L R AL TH E D E E P co N N EcTI 0 N -4

iologeal Conservation BETWEEN SOIL MICROBES AND, TREES:
DNA METABARCODING AND REFORESTATION

by KATIE M. MCGEE and MEHRDAD HAJIBABAEI

journal homepage: www.elsevier.com/locate/biocon

High-throughput eDNA monitoring of fungi to track functional recovery in @Cmm(
ecological restoration

DongFeng Yan™", Jacob G. Mills?, Nicholas J.C. Gellie’, Andrew Bissett’, Andrew J. Lowe™",
Martin F. Breed™*
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2) Biological indicators: where we are?

Rev Environ Sci Biotechnol (2019) 18:389—411 Q
hitps:/fdoi.org/10.1007/s11157-019-09501-4 Check for

A review on the applications and recent advances
in environmental DNA (eDNA) metagenomics

Fiz 1w Piaimnon bewds
of GNA Jowe 2000 w0 1N
Lo sewseved from e
bt el wing
5.d cUNA sed o0 based
o s ol sl W
pblcahes o A ke

constics g N ceaiies i el

R N S L T
froes 2000 w0 290

W Saver Wips e el

Ainshgayuband -
Bd Searcr: bapeinmw,
‘l"ﬁt o l

s
s
/
LA S T U T
Tean

Deviram Garlapati @ + B. Charankumar + K. Ramu - P. Madeswaran -
M. V. Ramana Murthy

g e e Table 1 Literature-based search {PubMed and Scopus)

[ 4 is
ﬁiésﬁ%iii%i!ssiiiﬁ%nééd{ﬂss;hi%i:isgfﬂig

Search word Search fields MNumber of hits in major databases Last updated
PubMed Scopus

“eDNAF Article title, Abstract, Keywords 1066 1444 16/0172019
“eDNA AND aquatic*” Article title, Abstract, Keywords 241 141 16/01/2019
“eDNA AND marine®” Article utle, Abstract, Keywords 94 93 16/01/2019
“eDNA AND freshwater®™ Article title, Abstract, Keywords 111 122 16/01/2019
“eDNA AND sediments*®” Article title, Abstract, Keywords 29 57 16/0172019
“eDNA AND diversity™™ Article title, Abstract, Keywords 97 140 16/01/2019

’ 0--90. 30020000 038 “eDNA AND soil*” Article title, Abstract, Keywords 59 92 16/01/2019

WG BN e e Pubtlications [2000-2019)




2) Biological indicators: where we are?

. forests MbP1|

Article
Evaluation of Soil Biodiversity in Alpine Habitats X

through eDNA Metabarcoding and Relationships .
with Environmental Features | —

0.8
%
¢

Noemi Rota *+10, Claudia Canedoli 1, Chiara Ferré !, Gentile Francesco Ficetola 27,
Alessia Guerrieri * and Emilio Padoa-Schioppa ' [

1.0
3
=

Cveg

3
i
06

1.0 1.0

Figure 4. Biplot of forests environmental features and soil communities resulting from CCA analysis
(environmental features are indicated in red, soil communities are indicated in black with a blue triangle,
and blue circles with Roman numeral indicate clusters). The suffixes ART, ANEL, and INS refer to the

a targets: arthropods, annelids, and insects.
ANEL_Meg
©
q
1.0

Figure 5. Biplot of grassland envi 1 £ and soil e ities resulting from CCA analysis
(envi 1 f are indi d in red, soil ities are indicated in black with a blue triangle,
and blue circles with the R r l indicate cl ). The suffixes ART, ANEL, and INS refer to

the targets: arthropods, annelids, and insects.
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2) Biological indicators: where we are? ,
) Springer Link

i ?
Eq ul pment ° Methodology article | Open Access | Published: 29 September 2021

ONTbarcoder and MinION barcodes aid biodiversity
discovery and identification by everyone, for everyone

Amrita Srivathsan, Leshon Lee, Kazutaka Katoh, Emily Hartop, Sujatha Narayanan Kutty, Johnathan
Wong, Darren Yeo & Rudolf Meier &

BMC Biology 19, Article number: 217 (2021) | Cite this article
6414 Accesses | 6 Citations | 136 Altmetric | Metrics

It was developed via “innovation through
subtraction” and thus requires minimal
lab equipment, can be learned
within days, reduces the barcode
sequencing cost to < 10 cents, and
allows fast turnaround from
specimen to sequence by using the
portable MinION sequencer.




2) Biological indicators: where we are?

@ |

¥

Equipment?

A
B

(why | like this paper)

PRO

Key points

Decentralizes sequencing

Reverse workflow (i.e. sequence all
specimens)

Engage community and stakeholders
Provides extensive methods section
Suggest simpler lab protocols

New tool for bioinformatics

Made possible by technological
improvements

Can be used for projects of different
sizes (up to 10 000 amplicons)

) Springer Link

Methodology article | Open Access \ Published: 29 September 2021

ONTbarcoder and MinION barcodes aid biodiversity
discovery and identification by everyone, for everyone

Anmrita Srivathsan, Leshon Lee, Kazutaka Katoh, Emily Hartop, Sujatha Narayanan Kutty, Johnathan
Wong, Darren Yeo & Rudolf Meier

BMC Biology 19, Article number: 217 (2021) | Cite this article
6414 Accesses ]6 Citations \ 136 Altmetric | Metrics

DNA template for 95 specimens
in under 40 minutes

1. Benchwork: 17 minutes
2. Thermocycler: 20 minutes

P Pl ) 002/440

Step 1: DNA Extraction with hotSHOT
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2) Biological indicators: where we are?

..some suggestions..

Soil B@N

>200 Institutions
>500 Individuals

EUdaphobase

CA18237 - European Soil-
Biology Data Warehouse for
Soil Protection

The EUdaphobase COST Action aims to create the structures and
procedures necessary for developing an open Eurcpe-wide s0il
biodiversity data infrastructure. European authorities and
stakeholders urgently need reliable toals for monitoring and
evaluating the envirenmental condition of soils within policy
assessment in context of numerous EU directives. The ultimate
gozl of EUdzphobass s to 2s12blish 2 pan- European soil-
biclogical data and knowledge warehouse, which can be used for
understanding, protecting and sustainably managing seils, their
biodiversity and functions.

— KNOW MORE




3) what about new threats?

An example......microplastics and terrestrial environments (thanks to urban compost!)

Uy
Medical
v I I application and c
pharmaceuticals
. Personal care
cosmetics
Particulate

emission and
domestic washing

Physical and chemical

Transport and urban
infrastructure

(4
- . ] o Landfill

Shipping, transportation
recreational activities

Terrestrial food chain transfer
and transport by soil animals

Agriculture (potential

ke
Biological plastic plant uptale)

fragmentation

Generation and dispersion of microplastics in terrestrial environments (adapted and modified from Karbalaei et al,, 2018).

Y
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3) what about new threats?
Development of a pipeline for microplastic analysis in IRET

Schematic representation of microplastics analysis
using microscopy and spectroscopy

FTIR-PAS to identify microplastics

=

e versatile

* time-costing

 sensible

Promising tool for the identification of
microplastics in complex matrices
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3) what about new threats?

A novel approach to extract, quantify and identify

microplastics in soils; a farmland case study in

Mediterranean area W

Luigi Paolo D’Acqui®!, Sara Di Lonardo!!, Alessandro Dodero!:!, Alessandra
Bonettil!, F: cLbI‘lZlO Filindassil:! Ottormo Luca Pcl.ﬂtdﬂ]d !

The device used by Claessens et al. 2013

Water out
(containing
microplastics)

Sum siew:

[ J Sieve cover

Sediment in‘out

screen

_— 1mm sieve
43,,
* supporte
; mm mcth

et

The device used in our exp

34 um mesh screen

TN
air inIet—V{f\‘ "
" <4— water inlet

Aims:

(1) developing a protocol to identify
plastic residues as found along
the soil particle size distribution;

(2) monitoring the contribution of
urban composts in agricultural
soils to MPs contamination.

We investigated compost from
recycled urban waste as possible
vehicle for the entry of MPs into the
environment and we adapted some
sediment fractionation procedures to
separate and identify MPs. We
investigated agricultural soils in
inland hilly areas of Italy, where
municipal solid waste composts were
applied since 2005.
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IRET



3) what about new threats?
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3) what about new threats?

Other issues!

What about plants and microrganisms?
And other organic pollutants?

- " «” T
Wmmm’@
*
@
Hemy metaly. [~} |
; :
B

Reduced assisted Mineral ahsorptian
Reduced NRragen fieation

@ ’ Reduced grawth
’ Reduced activity

Reduced sctwily Microcrganssms
Akered microblal community structure
Oxidative stress
Reduced soll anzymes, Ureas, glucosidase, phasphate
Increased mortality

Earth Worm

MPs in the soll affect plant growth directly or Indirectly by Impocting the growth of sall-dwelling arganisns.,
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The never ending story..FINAL remarks

Soil functional indicators require conceptional refinement (while remaining simple) and maturity

Thresholds: they depends from various parameters (ecosystems, country/regions, etc)

Impacts on end-points are needed
SOC: may be the most important parameter for the production

Data source and methodologies (harmonisation) need to be revised

o
an=
IRET



The future..in the present!

Labo ratnwanalysi;

Minimum

Physical

data set
(i.e. Sand, 5ilt, Clay, Bulk Density}L_ { Soil samples

Chemical

{l.e. TN, K, Ca, Mg, pH, P}

Biological

i.e. Soil organic matter
| J

Fast field
tests

LN

Agro-industrial system

Soil Quality Indicators >

Environmental

)

data

Mean annual:

Machine Learning
Regression

Temperatune
Precipitation

Satellive/UA\Vs Agro-industrial
platforms systermn know-haw
Decision
- making
Remote Sensing Crop :>
data management
NDWI
NIR Historical rates of f ‘:

Sail fertility
assessment

Ecological Indicators 135 (2022) 108517

Contents lists available at ScienceDirect

ECOLOGICAL
INDICATORS

Ecological Indicators
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ELSEVIER

journal homepage: www.elsevier.com/locate/ecolind

Review
Machine learning and remote sensing techniques applied to estimate soil e
indicators — Review

Freddy A. Diaz-Gonzalez™ ', Jose Vuelvas”, Carlos A. Correa”, Victoria E. Vallejo®, D. Patino”

I%>

Crop yield

Kg/ha
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rates




Take home message

As humans, we can’t make soil.

Only soil organisms (plants,
microbes, earthworms) can make
healthy soil!

We can only provide the
environment!




Sara Di Lonardo
CNR-IRET (Firenze, Italy)

.

]

Soil quality: from chemical indicators to
biodiversity

Thanks for your attention!

12 July 2022




