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The soil: a key and non-renewable resource for humankind
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The soil: a true cradle of life enables to feed humanity
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Soil produces 95% of our food, be it the crops we eat, or

forages and other plants to feed animals for meat (FAO,
International Year of Soils 2015)



INDICATORS === === DESCRIPTORS
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IL CONSUMO DI SUOLO

IN NUMERI
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Supplemento ovdinavio alla “Gazzetta Ufficiale, n. 88 del 14 aprile 2006 - Serie generale

Italian legal benchmark
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Bioavailability of potentially toxic elements (PTEs)

Bioavailable pool of a PTE
can be defined as the
fraction of its total content
in the soil that can interact
with a biological target
(Geebelen et al., 2003)
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I I I I [ [
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Bioavailability to plants is
governed by the dynamic
equilibrium between

agueous and solid soil

phases, rather than by

the total metal content

Source: Mishra et al., 2017. Front Microbiol 8, 1706

o
50 46,7
Total content Bioavailable pool 40 1
mg kg1 30
0 . .
/0 @ Nutrienti

Fe 30000-50000 30-500 20

P 1000-4000 10-150 10




The influence of rhizosphere activity

In the rhizosphere, many physical, chemical and

biochemical processes occur as a consequence of

root growth, water and nutrient uptake, respiration,

rhizodeposition and enhanced microbial activities

Biological interaction Biochemical processes

Signalling A Greenhouse R‘
allelopathic & gas emission
symbiotic

&“ﬂ Respiration

\ o5 (, M,‘ G

\- Soil organic matter
turnover

Composition

C sequestration
beneficial — neutral - pathogenic

Detoxification

The different bioavailable pools are in a dynamic equilibrium - if the most easily bioavailable fraction is taken up from the soil,

the less available fraction can rapidly reintegrate the easily available pool



Theorical sequence of PTE mobility in the soil

Comments Metal sequence

Reference

Theoretical sequence according to...
...Electronegativity Hg = Pb = Cd = Co = Ni > Zn = Cu = Cr
...Hydroxyl formation constants Hg = Pb = Cu = Zn > Cr > Co = Ni = Cd

INCREASING MOBILITY AND AVAILABILITY

Antoniadis et al., 2017. Earth Sci Rev
171, 621-645

Je) _3 \\ pH of hydrous oxide formation
> SN 3+ _ 2+ _
Outer-sphere Inner-sphere Inner-sphere =3 \ '--\-\ AN Fe* 2.2-3.2 Pb™ 4.2-5.7
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. . -— AY :
complexation complexation % \ \\ Cr3* 4.6-5.6 7n2* 5.2-8.3
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Assessment of bioavailability

In vitro tests must enable quantification of

the metal dissolution under realistic
conditions, by extractions with one or

more reagents simulating soil solution

In vivo tests are generally considered the
best bioavailability tests, as the plant
uptake measured in these tests s
believed to resemble the natural

conditions. However, these assays are

time- and resource-consuming



Assessment of PTE bioavailable fractions

Rhizon-sampler - to monitor metal dissolved in pore water over time ~on

Single-step extractions _

g

1M NH,NO; (ISO 19730, 2008) or 0.01M CaCl, (Houba et al., 2000), to address the soluble
and non-specifically adsorbed fractions

0.05M EDTA at pH 7 (Rauret et al., 2001) or DTPA (Lindsay and Norvell, 1978), to quantify
the potentially bioavailable fraction of metals organically-bound or specifically adsorbed by
oxides and secondary clay minerals

Fraction Extracting agent Extracting conditions

Fr I- Exchangeable, water and | 0.11 mol-L " CH,COOH | 16 h 20- 25°C

acid soluble (pH=T)

Sequential extractions - 4-step EU-BRC (Rauret et al, 1999) or Wenzel R R
procedure (Wenzel et al., 2001), to estimate the distribution of metals in
presumed geochemical fractions T oot

Fr IV- Residual, non-silicate | Aqua regia 25h 60-70°C

bound metals

Passive sampler = diffusive gradients in thin films (DGT) or semipermeable membrane, to measure the freely dissolved
concentration of organic pollutants in equilibrium with the rapidly desorbing fraction

Non-exhaustive techniques - mild solvent extraction, solid sorbents (e.g. Tenax) and hydroxypropyl-B-cyclodextrin

(HPCD), to extract the rap

idly desorbing fraction of organic pollutants from soil




The assessment of PTE chemical species

The bioavailability of the PTEs is closely interlinked with their chemical speciation, i.e. the distribution of elements among their various chemical forms
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Bioaccessibility vs bioavailability of soil contaminants

Accidental ingestion of
heavy metal

Mouth

pH: 6.5
Process involve: Grinding
Temperature: 37°C

I Exposure to soil

The International Union of Pure and Applied
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Methodological complexity of in-vitro assays

0.6g of soil

G ) ' Add9.0mL of Saliva(S)
Mix by hand (10 s)
Add 13.5 mL of Gastric fluid (G)

BARGE (the Bioaccessibility Research Group of Europe)

AdjustthepHto 1.2 £0.05

Mix, end-over-end for 1 hourat 37°C

REAGENTS Saliva (5)  Gastric (G) D”c{'g?”a' Bile (B) U?::[?e ’l'
KCl 448 a12 282 128 Add Z?mL_of Yes Checkthe pHY yeq Stop the gastric
NaH,PO, 444 133 - ; duodenal fluid (D) — “\_ 1.2<pH<1.5 samples
e 10 : ' ] Add 9mLof bile |
Na,50, 285 - - - fluid (B) No
Nacl 149 1376 3506 2630 Adjust the pHto
Inorganic (1) cacl, - 200 - - 250 6.3220.5
NH4Cl - 153 - -
NaHCO; - - 2803.5 2893 Mix, end-over-end for
KH,PO, - - 40 - 4 hours at37 °C
MeCl, - - 25 - Restart the test from
NaOH (1M) 0.9mt - - : Stop the gastro- the beginning
HCl (37%) - 4.15mL 50 ul 90 ul intestinal extraction
Urea 100 mg 425 50 125
. Glucose 325 - - |
Organic (0) Glucuronic acid 10 - - =0 Note the final pH
Glucosamine hydrochloride 165 - -
Alpha amylase 72.5mg - - -
Mucin 25mg 1500 N . Centrifugation Centrifugation
Uricc acid 7.5mg - - - at 4500 g (15 min) at 4500 g (15 min)
Bovine Serum Albumin - 500 500 300
Enzymes Pepsin - 500 - - 250+250=
cadl, ) ] 100 111 o Add1.0mL HNO, Add 0.5 mLHNO,
Pancreatin - - 1500 - (67%) ANALYSIS (67%)
Lipase - - 250 - .
' Gastro-Intestinal
Bile - - - 3000 /
pH 140 6,5+/-0,5 11401 7,4+/02 8+-0.2 samples




Highly-contaminated case studies

6 ha of farmland currently confiscated by the 3.5 ha of industrial soil inside an
Italian Judiciary due to past illegal burial of automobile-battery recycling plant in
industrial wastes operation since 1970

Main pollutants: Cr (max 4500 ppm) Main pollutants: Pb (max 80000 ppm),

and Zn (1850) and hydrocarbons C>12 (1800) Sb (1475), As (312) and Cd (235)




Soil characterization and phytoremediation plants

' -

v' Sampling grid: 20 x 20

v Depths at site A:
0-20, 30-60, 70-90 cm

v Depths at site B:
0-10, 10-40 cm

~

m

IMPLEMENTATION OF ECO-COMPATIBLE PROTOCOLS FOR
AGRICULTURAL SOIL REMEDIATION IN LITORALE DOMIZIO-
AGRO AVERSANO NIPS (LIFE11/ENV/IT/275 — ECOREMED)

Phytoremediation plants consisting of poplar trees (Populus nigra L.)
and permanent grass cover, assisted by compost amendment and

irrigation system, were then implemented on both sites years ago

M A e
L 99 8




Benchmark lab-based technique

Microwave-assisted soil digestion by aqua regia (3:1 v/v, HCl to HNO;),
followed by analysis of metal-containing extracts by AAS or ICP-OES/MS
(ISO standard 54321, USEPA method 3051A), determines the pseudo
total content of the analysed elements

ol A A A A A A A A

Aqua regia does not produce a complete soil digestion because the least
acid-soluble components as metal-bearing silicates are not completely
dissolved and are thus not included within the analytical measure

'S
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60,000

50,000 —

countrate

20,000

10,000

Portable-XRF technigue

=========

The X-ray fluorescence (XRF)
analysis is based on the excitation of
inner electrons and the emission of
photons after they relax to their

ground state (fluorescence)

40,000

30,000 ~|

Fe Ka Lines ——
i KB Lines ——

- Q

=

In short time, pXRF provides
accurate total elemental
contents in soil samples
(USEPA method 6200),
although it does not have

very sensitive detection limits




From pXRF metal contents in soil ...

Main soil pollutants
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Best linear regression fits
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Metal-dependent and site-specific models

The comparison among different regression parameters revealed that regression models were strongly site-specific and metal-dependent
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Slope Intercept R?
Site A SiteB Site A  SiteB Site A SiteB
As 0567 0.391 1 19 0.64  0.69
Ca  0.768 1.409 2021 -12383 0.95  0.73
[1.252  0.330| -84 -5 0.95% 0.54
[cu] 0.999 0.859) -5 9 [0.96  0.95
Fe 0623 0.420 3901 10248 047  0.62
K 0103 0.235 3913 3808 0.37  0.59
Mn [0.615 0.538 53 244 0.66  0.73
Nb  -0.126 -0.033 13 7 0.17  0.01
|Ni| [0.958 0.855| -7 3 |0.94  0.83
0.812 _ 1.451 -2 18 0.90  0.93 «
Rb 0316 0.538 15 -18 0.75  0.53
Sn 1310 0.577 -22 3 0.96  0.75
Sr  0.093 0.288 109 57 0.06  0.39
Th 0308 0.154 3 6 0.25  0.31
Ti  0.615 0.276 -480 511 0.56  0.57
vl 0417 0.351 3 16 0.53  0.47
|zn| [1.004 0.771f -19 5 1097 0.95|
Zr 0151 0.012 -13 19 0.16  0.02




l,.o.and EF

The magnitude of the anthropogenic fraction in soil metal contents was estimated

by the geoaccumulation index (I,.,) and metal enrichment factor (EF)

Anthropogenic pollution categories:

(Igeo<0) practically uncontaminated

(1<Igeo<2) moderately contaminated
(2<Igeo<3) moderately to heavily contaminated
(3<Igeo<4) heavily contaminated

(4<lgeo<b) heavily to very heavily contaminated

(Igeo>5) very heavily contaminated

8€0 As Ca Cr Cu K Ni Pb Sn Zn
lgeo Site A -010(0) 1.09(2) [3.03@4)|| 213(3) ND ND 1.84 (2) C
I,.,Site B 1.66 (2 0.25(0) | 2.83(3) | -0.17 (0 [2805)] 1040 I =10g ——
geo Site 66 (2) -0.25(0) | 283 (3) | -0.17(0) 80(5)] 1.04(2) geo 2 1 5B
- n
Fe Mn Nb Rb Sr Th Ti U V Y Zr
lgeo Site A -0.72(0) -0.19(0) -0.50(0) -0.11(0) -0.46(0) -0.46(0) -0.79(0) -0.21(0) -0.76(0) -0.50(0) -0.48 (0)
lgeo Site B -0.62(0) -0.77(0) -0.73(0) -0.03(0) -0.28(0) -0.74(0) -0.97 (0) ND  -0.88(0) ND  -0.80(0)
Metal enrichment categories:
(EF<2) deficiency to minimal
EF : -
Ca Cr Cu K Ni Pb Sn Zn (5<EF<20) significant
EFsite A 1.40 (<2) 12.22 (5-20)] |6.56 (5-20) | 1.91(<2) ND 1.84 (<2) ND 5.37 (5-20) (20<EF<40) very high
Mn Nb Rb Sr Th Ti U V Y 2r
EFsitt A 091(<2) 1.32(<2)  1.06(<2) 1.39(<2) 1.09(<2) 1.09(<2) 087(<2) 1.30(<2) 0.89(<2) 1.06(<2) 1.07(<2) C/ Fe(samplc)
EFsiteB  1.00(<2) 0.90(<2)  0.93(<2) 151(<2) 1.27(<2) 0.92(<2)  0.79 (<2) ND 0.83 (<2) ND 0.88 (<2) EFs




Site A: soil properties, and bioavailability to plants of main contaminants

SOIL PROPERTIES RANGE

Texture Sandy-loam

pHin H,0 (R=1:2.5) | 7.4-8.0

O.M. (g kg 8-50
Carbonates (g kg™) 1-79
C.E.C. (cmols) kg™) 18 — 29

v Aliphatic hydrocarbons C,4-C54
v Aliphatic hydrocarbons Cy-C,g
v' Other hydrocarbons (PAHs < 0.2%)

3.7%

Reference —> Agrelli, Caporale, Adamo,

2020. Agronomy 10, 1440

Cd
Cu
Pb
Zn
Cr

Cd
Cu
Pb
Zn
Cr

—|

Soil extraction by 1M NH,NO,

I 1-9%

_ <0.5%

I I <2%

* <1%

B <0.3%

0O 05 10 15 20 25 3.0 35

NH,NO; (mg kg?)

I German trigger values (Carlon, 2007)

Soil extraction by 0.05M EDTA (pH 7)

68-71%

N 46-48%

B 19-70%
e 19-60%
11-3%

0 200 400 600 800 1000

EDTA (mg kg)

100%
80%
60%
40%
20%

0%

100% -

80%
60%
40%
20%

0%

T

1314 1457 3455
Total Cr, mg kg!

I I - S B n
105I360I | | |

605 643 1648
Total Zn, mg kg

EU-BCR Sequential Extraction

Step 1: easily extractable fraction

Step 3: oxidasable fraction
(associated to organic matter)

(soluble, exchangeable, associated to carbonates)

Step 2: reducible fraction
(associated to Fe and Mn oxides)

Step 4: residual fraction
(occluded in  non-siliceous
minerals)



° [ °
Wk Chromium speciation by IC-IDMS
Cr(Vl) in
50% e
4.3% 95%  2.4%
0% 019) 5214
Mass Mass Mass Mass Contents lists available at ScienceDirect S
50 52 53 54 I Chemosphere
+ é journal homepage: www.elsevier.com/locate/chemosphere
95.1% )
10/
100% s0Cr(VI ik Hexavalent chromium quantification by isotope dilution mass
r -Spike spectrometry in potentially contaminated soils from south Italy S
50% Antonio G. Caporale **, Diana Agrelli ", Pablo Rodriguez-Gonzalez *, Paola Adamo *,
J. Ignacio Garcia Alonso ©
4.8% 0.1% 0.0% - — * Depariment o Agrcuitra Sciences, Uniersty o Nopie Federic L, i Unierics 100, 30055, oric, Napie, iy
0% * CIRAM - Interdeparmental Center for Environmental Research. University of Naples Federica l, Via Mezocamnone 16, 80134, Nopis, Italy
Department of Physical and Analytical Chemistry, Faculty of Chemisiry, University of Ovied, Julian Claveria 8 33006, Oviedo, Spain

50 mM Na,EDTA 5 min at 80°C IC coupled to ICP-MS Cr(lll) = Cr(VI) speciation

Mass Mass Mass Mass
50 52 53 54

At the Enriched Stable Isotopes of the University of Oviedo (Asturias, Spain) u.

UNIVERSIDAD DE OVIEDO

Cr(VI1) ~ % of tot Cr

12

10 - 10 -
09 -

Cr(VI1) / total Cr (%)

y =0,0014x + 2,0211
R2=0,6833 0.3 -

Cr(VI1) in soil (mg kg?)
(<))

Cr(V1) in soil (mg kg™?)
(<)}

0 l | 0 - T T 1 0 1
Soil samples 0 2500 5000 7500 Soil samples

* Italian screening value for Total Cr (mg kg?)
agricultural soils (M.D. 46/2019)




Site B: soil properties, and PTE bioavailability to plants

S RANGE Soil extraction by 1M NH,NO, 100% -
Cu q <0.3% 80%
Texture Sandy-loam As | <Os% 60% I I I I I l
pH in H,0 (R=1:2.5) 7.4-8.5 cd <2.1% 40%
0.M. (g kg™") 13-31 Sh <2% 20%
Pb <0.1% 0%

Carbonates (g kg?) 2-151
T T ' ' 831 3 939 6.040 15 878 30.034

C.E.C. (cmol) kg'Y) 9-27 0 3 6 9 12 Total Pb, mg kg

NH,NO; (mg kg)

100% -
I German trigger values (Carlon, 2007) C d
Backscattered electrons 80%
SRR 60%
R 8 Soil extraction by 0.05M EDTA (pH 7) 40%
Y, - >a 20%
Cu 12-31% 0
0% .

As Bl 3-10%
S 58 289 349 693 74,7
SEM-EDX Cd 27-57% Total Cd, mg kg!
Sb (x5) | 3-81% ) .
EU-BCR Sequential Extraction Step 3: oxidasable fraction
Pb (X]‘OO) 23-55% Step 1: easily extractable fraction (associated to organic matter)
(I) 4‘0 8IO 1é0 (soluble, exchangeable, associated to carbonates) Step 4: residual fraction

1 Step 2: reducible fraction (occluded in  non-siliceous
EDTA (mg kg- ) (associated to Fe and Mn oxides) minerals)



Site B: PTE-distribution in soil particle-size fractions

PMcoarse PM, 5 2,5 -
[E5t0m)  [s28um) Accumulation factor ( C;..ction/ Comm) *
Q9 i, 20 - : :
.‘:&'-‘-:&15
. @ 0°°*° 1,5 : ¥
® , 5
. PMMQOum) 2 *
N 110 \ |
Total Suspended Particles (TSP)
0,5 -
0,0 -

Pb Sb Cd As Cu

* Asterisk indicates

significant differences

(p<0.05) by one-way

ANOVA, Tukey’s HSD
S b post hoc test

Particle size distribution

50-2000 pm
20-50 pm
10-20 pm
2-10 um

<2um

OEO0OOMNE




Lung bioaccessibility test

. SELF-bioaccessible PTEs oo ALF-bioaccessible PTEs (lower, pH 4.5 - 24 h)
(upper, pH 7.4 - 24 h)
o | @ 20-50 um .
) 90% Health Risk Assessment
10% 80% ‘ O 10-20 pm
% | gl B 210 o IR x EF x ED
8% - 70% all ADDistassion = C X Grr B AT
60% - * B <2pm DD ¢ SLXSAXABSXEFXED
. et = & BW x AT "
6% - 50% - |
40% - ADD e = € x g = 107
4% -
30% -
. , 10% -
0, 0 _ ADDM?-
0% 0% HQun =375
Pb Cd Sb As Cu Pb Cd Sb As Cu
ADD,,, —Hl—
L. A . . - . HQy = NCR—HI—ZHQS
Bars indicate mean PTE relative bioaccessibility + SE * Asterisks indicates significant differences (p<0.05) by one-way ANOVA RiD,,,
ADD;
HQug =7
Pb cd Sb As Cu RIDine
- | CARCINOGENICRISKS
B1 20-50 um 4773 (52 d)* 31.1(88 a) 84.5143 d) 4.9)9 c) 117 |54 b)
81 10-20 um 508771 a) 35.1(84 b) 96.3|53 b) 4.7)9 c) 141 |58 a)
CR=ADD x CSF
B1 2-10 um 5393160 b) 50.0(72 c) 131 {48 c) 9.7 ({13 b) 200 |53 b)
CRymt = CRing + CRip + CRye;
B1 <2 um 6563 |55 c) 63.3[65 d) 216 {61 a) 29.4(24 a) 238 (50 c)

* Values in parenthesis refer to relative bioaccessibility (%). Different letters indicate significant differences (p<0.05) by one-way ANOVA



Urban soil environment

Soil is a crucial compartment of the urban ecosystem, threatened by anthropic activities, infrastructure sprawl and sealing

Benefits of Urban Agriculture _”EESI

Absorb excess
rainwater

Reduce urban
Bring healthy, temperatures

local foods into
communities

Strengthen

Sy Bote Sustainable management strategies of urban soil are strongly encouraged

by policy-makers, to preserve urban soil from anthropic
degradation/contamination, to enhance its ecosystem functions and

services, to produce safe and quality food, and promote social aggregation

v’ Progetto PRIN 2022 (da ottobre 2023): Innovative approach enabling soil and food quality in vegetable gardens of the metropolitan area of Naples
(HealthySoil4QualityFood).

v’ Programma per il Finanziamento della Ricerca di Ateneo (FRA) UniNA, bando 2020, linea d'intervento A (gennaio 2021 - dicembre 2022): Studio
multidisciplinare per promuovere la sostenibilita del suolo urbano, per proteggere le sue funzioni e servizi ecosistemici, e per migliorare la sicurezza e la
qualita dei prodotti da agricoltura urbana (UrbanSoilGreening).
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Urban soil quality

Sign. Sign.
PHYSICO-CHEMICAL M.D.
MIN MEDIAN MAX PTE or PAH MIN MEDIAN MAX amon
INDICATORS (among (among /019
study areas) study areas)

Sand (g kg™) 623 728 744 ns Zn (mg kg™) 80 97 276 Hok 300
Clay (g kg'%) 20 97 185 . Pb (mg kg?) 38 57 267 *k 100

V (mg kg? 55 67 110 HEE 90
pH (in H,0; SSR: 1.2.5) 6.81 7.69 8.03 Hk (me kg™)

. Cr (mg kgt) 5 14 45 ok 150

EC (in H,0; dS m™1; SSR: 1.5) 0.08 0.11 0.13 *

As (mg kg) 11 15 16 ak 30
Carbonates (g kg!) 0.5 7.4 11.2 *Ex

Ni (mg kg) 5 10 20 HAE 120
Organic C (g kg) 15.5 17.7 28.3 **

Cd (mg kg?) 0.2 0.3 0.4 *A* 5
Total N (g kg) 1.2 1.7 2.2 *

S total PAHs (mg kg?) <0.1 0.3 4.1 Gk 10
C/N 9.6 11.0 14.2 *EK

Benzo (a) pirene (mg kg™) <0.01 0.05 0.48 Hok ok 0.1
Total S (g kg'?) 0.57 0.64 0.88 Hok
CEC (cmol+ kg?) 12.8 18.1 23.1 * kK > heavy/total PAHs (%) 90 96 100 >k 3
Available P (Olsen; mg kg1) 21.1 46.0 50.2 *kk > cancerog/total PAHs (%) 0 48 57 *RE -

One-way ANOVA, Tukey’s HSD post hoc test (* p<0.05; ** p<0.01; *** p<0.001; ns: not significant)

v' Sandy-loam textured soils, with neutral or sub-alkaline pH, low EC, medium-high content of organic matter, bioavailable macro and micronutrients
v Enhanced soil fertility in organic/synergistic vs. conventional horticultural systems

v' Low-to-moderate soil contamination and bioavailability of PTEs



Horticultural food quality and safety

ELEMENTAL N K Ca S P Mg Na Fe Zn Mn Cu Pb Vv Cr Ni As Cd
Mean 25.5 24.5 10.7 5.0 3.1 1.9 0.7 219 231 214 7.0 0.6 0.5 0.4 0.15 0.11  0.05
Area ns ok ns ns ns ok ns ns ns ns ns ns ns ns ns ns ns
Area x Species ns ns * ns ns ok ok ns ns ns ns ns ns ns ns ns ns
Two-way ANOVA, Duncan’s multiple-range test (* p<0.05; ** p<0.01; *** p<0.001; ns: not significant)
TYPES OF ol
SR S CAROTENOIDS . & Rt [RA
| ’ ’:* 2 en A ey ” HO > SN ittt +D-Glucosio
P S ‘Ui B " bomo | g
L & ' 0s0”
? el = S Glucosinolato
Cpandin o " Vitamin €
: : : I , & iog i o | Listeria monocytogenes
Flavonols ] llsoﬂavones Flavones Flavanones . FI;:nnols H:j%(oj&ﬁ\)\,\)\ H R_ N=C=$ + SO, R-c =N +§+HS0; &
T e 2L L Tl Isotiocianato Nitrile Salmonella spp.




Extraterrestrial environments

THE JOURNEY TO MARS IS NOT A STRAIGHT SHOT
ONE EXAMPLE OF A MARS TRAJECTORY o inedible
QUM MARS waste

> DEPARTURE

BiOfeaCtOF urine
(microbes) -« feces

Bioregenerative life support
systems (BLSS)

nutrients CO2 grey
oxygen vate
e \ Y9 water ] " .
ARRIVAL » @ Biomass production co, In situ resource utilization
Le @ . (lants) < Crew (ISRU)
# EARTH ;
RETURN - _grey water -

- use of native materials
and waste as primary
resources

oxygen

TRAVEL TIME: 9 MONTHS THERE AND 9 MONTHS BACK

Martian/Lunar simulants Compost/Manure/SOW Plants (e.g., microgreens, lettuce, potato and favabean) growth media

10% 30% 50%

Article
Evidence of Potential Organo-Mineral Interactions during the
First Stage of Mars Terraforming

v" Simulants/amendments _and _ their mixtures:  physico-hydraulic,

mineralogical and chemical properties, nutrient biovailability assessment

Beatrice Giannetta '), Antonio G. Caporale 2, Danilo Olivera de Souza *7, Paola Adamo > and
Claudio Zaccone 4+

Soil Systems, 2023, 7, 92.
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v' Plant_biomasses: biometric and physiological data, productivity, and

Stabilisation of exogeneous OM by minerals (e.g., Fe
oxides) over time is of paramount importance

nutritional/nutraceutical quality
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Take-home messages

v' The mitigation of soil threats and the sustainable soil management are paramount to keep soils in a good health for
both agriculture and environmental needs

v" The cultivation systems would be resilient to climate change and oriented toward site-specific models, leading to a
better use of resources and the enhancement of soil fertility, biodiversity and food quality/safety
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