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Soil Fertility and Ecosvstem Services

Adapted from the Millennium Ecosystem Assessment, 2005.



Fertility is strongly correlated to
Soil Organic Matter (SOM) content Biological fertility

Chemical fertility

Phisical fertility
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Soil Structure

Modified by https://www.terravesco.com/soil-health/




AGROECOSYSTEM MANAGEMENT
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AGROECOSYSTEM MANAGEMENT
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Plant - bioindicator of soil N availability

Maize N uptake
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Soil - N mineralization kinetics

" SOIL INCUBATION

Optimal conditions for N cycling bacteria
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N uptake (kg N hal)
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N cycling bacteria — a proxy of N availability

Free Living N-Fixing Bacteria

5,0

0 3 = ON Higher values recorded in low fertile soil
:%"3’0 | b NFB inversely correlated to N availability
§,z'° l (Poly et al., 2001; Tan et al., 2003)
= 1,0

0,0

LOW FERT HIGH FERT

Ammonia oxidizing bacteria

5,0 -
W ON
: . 4,0
Lower values recorded in soils 3 a
with low N mineralization %30 -
2
rates(lack of O,) 50 -
oo
9
: . 1,0 -
Higher C build up
0,0 -

LOW FERT HIGH FERT



Short term soil N dynamics in open field

Agriculture, Ecosystems and Environment 141 (2011) 100-107
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fraction from municipal solid waste: A case study in the region of Naples, Italy
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Open field measurement of N availability

Field incubation approach Crop based approach
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Short term effects on soil mineral N

Gross N availability

/\

N

N surplus

20 30
Days after transplant

——Control

——Mineral

—--C10

C30

—-—C60

40

N balance of the two lettuce cycles.

Treatment N balance (kgNha-1)
NF -111.2c

CF10 -81.1c

CF30 21.8b
| CF60 153.3a |

MF 106 b

Significance 0.01

Potential N losses



Modification of the plant-soil rhizospheric interactions
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Trichoderma-Based Biostimulants
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Article

Can Trichoderma-Based Biostimulants Optimize N
Use Efficiency and Stimulate Growth of Leafy
Vegetables in Greenhouse Intensive

Cropping Systems?
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Biostimulants (EBIC 2012): “A plant biostimulant is any e . e
substance or microorganism applied to plants with the aim to Q\_‘fﬁ; mff
enhance nutrition efficiency, abiotic stress tolerance and/or ) m":‘fﬁa;;;\g:};_g%
crop quality traits, regardless of its nutrients content” ZZ; /
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Results overview

Non-fertilized Fertilized
Trichoderma Trichoderma
Yield X
NPKCa X X
Ascorbic Acid
Phenols X
HAA X X
FAA X
Yield
NPKCa X
Ascorbic Acid X
Phenols X
HAA

FAA



Species-specific interaction Effective under sub-optimal conditions

with Trichoderma (low Nutrient availability; drought/saline stress)
Rizosphere depends upon - Modification of root architecture (Samoldky et al., 2012)
species/genotype

Lopez-Bucio et al. 2015 Scientia Horticolturae

Limited Trichoderma effect on nutrient uptake of

Brassicaceae known as hyper-accumulating species (Santamaria
et al., 2002 J. Plant Nutr) for PO, e Ca.




Implications of Trichoderma-Based Biostimulants
for Modulating Soil Microbial Communities

DGGE profiles and dendrogram showing the degree of similarity (%) of the PCR-DGGE profiles of the prokaryotes
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Implications of Trichoderma-Based Biostimulants
for Modulating Soil Microbial Communities

DGGE profiles and dendrogram showing the degree of similarity (%) of the PCR-DGGE profiles of the eukaryotes
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Phytovolatilization P hyto
plant

Remedium
remediation

ENVIRONMENTAL RISK

Favas et al 2014 in Environmental Risk

Phytodegradation Assessment of Soil Contamination

Phytostabilization



Plant and PTEs interaction

mm Functions in plants (toxicity thereshold mg kg1)
As No

(20)

Cd No Bl

Co Yes Cofactor enzymatic activities; essential for Rhizobium (60-170)

Cr No (1-2)

Cu Yes Constituent of enzymes; role in photosynthesis; yield and quality (15-20)

Mn Yes Constituent and activator of enzymes; photosynthesis; reproductive phase;
resistance biotic and abiotic stress (170-2000)

Ni Yes Constituent of enzymes; activation of urease (20-30)

Pb No (1020

Zn Yes Constituent of cell membranes; activation of enzymes; DNA transcription;

involved in reproductive phase and in determining yield and quality of
crops; resistance against biotic and abiotic stress; legume nodulation and
nitrogen fixation (150-200)

Modified from VVamerali et al Environ Chem Lett (2010) 8:1-17



ransfer to food chain
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Italian Journal of Agronomy 2013; volume 8:e29

Assisted phytoextraction of heavy metals: compost and Trichoderma
effects on giant reed (Arundo donax L.) uptake and soil N-cycle microflora
Nunzio Fiorentino, Massimo Fagnano, Paola Adamo, Adriana Impagliazzo, Mauro Mori,
Olimpia Pepe, Valeria Ventorino, Astolfo Zoina

Dipartimento di Agraria, Universita di Napoli Federico Il, Portici (NA), Italy

Arundo donax

Biomass crop
Hypertolerant
Non-edibile

Compost (10 Mg hat FW)

Acerra (Naples) Cd (mg kg)
Measured values 34 increase increases
legal threshold Agric. Soils 2.0 Giant Reed Nitrogen
root and PTEs
) ) _ _ _ uptake and bioavailab
High fertile soil potentially contaminated by Cd growth lity

(source low quality MSW compost)



http://upload.wikimedia.org/wikipedia/commons/4/4d/Trichoderma_harzianum.jpg

Bioindication of Cd availability

_Factors_|_Abg. Biomass | Rhizomes | BAF _|BAF' _

(g Cd ha™) shoots roots
Inoculation
NT 52.0b 6.9b 1.23 1.00
T 61.1a 8.7a 1.22 1.14
Fertilization
NC 48.9 b 7.1 1.14b 0.95b
C 64.2 a 3.9 1.32a 1.19a | JSbIZ”
BAF, .. = PTEs mg kg roots / PTEs mg kg™ soil

>1 : suitable for phytostabilization and securing of the site

BAF

>1 : suitable for phytoextraction and remediation of the site

= PTEs mg kg! shoots / PTEs mg kg™ soil

shoot



log CFU/ g soil

Free Living Nitrite Oxidizer Bacteria

@)

Microbial response to PTEs availability
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Based on Marschner and Rengel 2012

Free living Nitrite Oxidizers Bacteria (NOB):

- sensitive to heavy metals
- used to monitor the quality of contaminated soils
Plant effect: NOB lower in rhizo-soil due to higher PTEs concentration

Compost effect: NOB lower in bulk soil when compost was added (PTEs
bio-availability was not balanced by Arundo donax uptake)

Mass flow of PTEs Compost amendment
driven by the transpiration rate of Limits passive PTEs flows
the plants Promotes active PTEs flows
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Science of the Total Environment xx0¢ (2016) x00-x300
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Giant reed growth and effects on soil biological fertility in assisted
phytoremediation of an industrial polluted soil

N. Fiorentino *, V. Ventorino, C. Rocco, V. Cenvinzo, D. Agrelli, L. Gioia, I. Di Mola, P. Adamo, O. Pepe, M. Fagnano
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NIPS BAGNOLI COROGLIO Napoll 960 Ha g

— : e ke iy £ £ i 3 =5 Pb and Zn contaminated
' industrial soil
Rhizospheric C
increase

N availability
increase

Values above SSV 152/06 A
= PTEs: As, Pb, Cu, Zn,
g Organic : Total Hydrocarbons, Benzene, Toluene, Xilene

Bioavailable Pb
and Zn reduction

~ Site management

8 - Soil washing and mechanical sieving
- Securing of industrial buildings
= - Urban park

e 3 - b ‘ Giant reed Restoration of soil biological fertility
Polyannual hypertolerant N-fixers and ammonia-oxidizers increase



ANALYSIS OF NATIVE VEGETATION FOR
A DETAILED CHARACTERIZATION OF SOIL CONTAMINATION

Environmental Pollution 252 (2019) 15991608

Contents lists available at ScienceDirect o
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Analysis of native vegetation for detailed characterization of a soil )
contaminated by tannery waste™ s
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Paola Adamo “, Riccardo Motti *, Massimo Fagnano *
* Department of Agricultural Sciences, University of Naples Federico Il, via Universita 100, 80055 Portici, Naples, Italy
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Caserta, Italy

Italian Journal of Agronomy 2018; volume 13(s1)

Use of the native vascular flora for risk assessment and management
of an industrial contaminated soil

Donato Visconti,' Nunzio Fiorentino,' Adriano Stinca,’ Ida Di Mola,' Massimo Fagnano'
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The study-site:

3,5 ha close to an industrial plant

B ePlotie
T o

"Blot. 7

Rlot:3
(4

¢Rlot 9

Pb (1405-18688 ppm) and Cd (21-
99 ppm) (concentrations above

Italian Screening Values and Risk
Thresholds)

Source: battery storage

\ Floristic survey

Setup of 9 plots representative of

vegetation types

Identification of species, soil cover

and frequency

Sampling of plants (shoots and
roots) and rhizo-soils for PTE
analyses




PTEs effects on plant communities and identification of
contaminated areas

Shannon Pielou Species Poaceae Fabaceae Asteraceae Miscellaneous Plant

index index number species soil
cover

ERI -84 -88" -71" -47 -.33 -.54 -.68" 37
Pb (mg Kg) -.82" -84 -68 -46 -30 -.51 -.65* .37
Zn (mg Kg') -.80" -79° -81" -66 -.23 -.59 -.73" .32
cd (mgKg?) -85 -89 -72* -47  -33 -.55 -.69" 37

** significant at the 0.01; * significant at the 0.05

* ERI and PTEs (Cd, Pb and Zn) had the greatest negative effect
on plants diversity and number of species



Indirect risks and PTEs bioindicators

Pb (mg kg d.w.) Cd (mg kg d.w.) Tl (mg kg™ d.w.)

Species

Shoots Roots Soil Shoots Roots Soil Shoots Roots Soil

Holcus lanatus 70 358 1707 12 49 58 011 045 1.5

Silene latifolia 216 3403 49647 7.7 41.1175.6 102.54 43.99 9.

Elymus repens 282 1407 16084 5.2 26.2 595 100 184 5.2

Dactylis glomerata 323 59011795 3.7 17.8 50.7 0.28 0.96 2.3

Dittrichia viscosa 47 16 609 11 03 25 010 040 1.9

Thresholds for forage

(Reg-UE 1275/13) 34 1.06
Thresholds of
hyperaccumulators 1000 100 100

(Van der Ent et al.,
2013)
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