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SoilFertilityand EcosystemServices

Adapted from the Millennium Ecosystem Assessment, 2005.



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

Biologicalfertility

Phisicalfertility

Fertilityisstronglycorrelatedto 
SoilOrganic Matter (SOM) content



Biological
fertility

AGROECOSYSTEM MANAGEMENT

DECREASE SOIL DISTURBANCE

NO TILLAGE

Mazzonciniet al.,2001

Hernanzet al., 2009

MINIMUM TILLAGE

Morris et al., 2010

Fagnano et al., 2004

INCREASE C INPUT

STABILIZED ORGANIC 
AMENDMENTS

Bertoraet al., 2010

Spaccini et al., 2002

Fortuna et al., 2003

NATIVE N FERTILITY

Soiltexture

SOM and SON

Nutrient content

OXIGEN REDUCTION
Lower mineralization

SOM BUILD UP
humification

Temperature

Moisture



Biological
fertility

AGROECOSYSTEM MANAGEMENT

DECREASE SOIL DISTURBANCE

NO TILLAGE

Mazzonciniet al.,2001

Hernanzet al., 2009

MINIMUM TILLAGE

Morris et al., 2010

Fagnano et al., 2004

INCREASE C INPUT

STABILIZED ORGANIC 
AMENDMENTS

Bertoraet al., 2010

Spaccini et al., 2002

Fortuna et al., 2003

NATIVE N FERTILITY

Soiltexture

SOM and SON

Nutrient content

OXIGEN REDUCTION
Lower mineralization

SOM BUILD UP
humification

Temperature

Moisture



Maize N uptake
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SOIL INCUBATION

Optimal conditionsfor N cycling bacteria

T °C = 25 °C

SoilMoisture: field capacity
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Soil- N mineralizationkinetics
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0N=65*(1-exp(-0.019*day))     R2=0.97

UREA=66*(1-exp(-0.022*day))     R2=0.95

COM=47*(1-exp(-0.021*day))     R2=90
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0N=38.9/(1+exp(-(day-66.0)/8.6))     R2=0.98

UREA=12*(1-exp(-0.22*day))+82*(1-exp(-0.01*day))     R2=0.90

COM=51/(1+exp(-(day-55)/17))     R2=0.98

COM



P<0.05



N cycling bacteriaςa proxy of N availability

Higher values recorded in low fertile soil

NFB inversely correlated to N availability 
(Poly et al., 2001; Tan et al., 2003)

Lowervaluesrecordedin soils
with low N mineralization
rates(lackof O2)

HigherCbuild up

Free Living N-Fixing Bacteria

Ammoniaoxidizingbacteria
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Short term soil N dynamics in open field



Open field measurementof N availability

N BALANCE EQUATION

N inputs - N uptake+ SoilN at transpl. - SoilN at harvest+ 
N mineralizґ л

N uptake+ SoilN at harvest- SoilN at transpl. =
N mineraliz

SYSTEM N AVAILABILITY

Field incubationapproach

Rishet al 2009 ςNature communications10, 4981

Cropbasedapproach

N inputs      + 

Native + Available
From fertilizers
(fertilizedsoils)

Native
MineralN

(unfertilizedsoil)

Meisinger, J.J., 1984. Nitrogen in Crop Production, Madison, pp. 391ς416.



Short term effectson soil mineralN
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Modification of the plant-soil rhizosphericinteractions



Biostimulants (EBIC2012): άA plant biostimulant is any
substanceor microorganismappliedto plantswith the aim to
enhancenutrition efficiency, abiotic stress tolerance and/or
cropquality traits, regardlessof its nutrientscontentέ

Lopez-Bucioet al. 2015
ScientiaHorticolturae

Trichodermaspp
Saprophyticactivity

Mycoparasitismand biocontrolagents

άrizosphere-competentέ



Yield X

NPKCa X X

AscorbicAcid

Phenols X

HAA X X

FAA X

Resultsoverview
Non-fertilized
Trichoderma

Fertilized
Trichoderma

Yield X

NPKCa X

AscorbicAcid X
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Effectiveundersub-optimal conditions
(low Nutrient availability; drought/saline stress)
- Modificationof root architecture(Samoldkyet al., 2012)

Lopez-Bucioet al. 2015 ScientiaHorticolturae

Species-specificinteraction 
with Trichoderma

Rizospheredependsupon
species/genotype

Cropcyclelenght

60 days 30 days

Limited Trichoderma effect on nutrient uptake of
Brassicaceaeknown ashyper-accumulatingspecies(Santamaria
et al., 2002J. PlantNutr) for PO4 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



DGGE profiles and dendrogram showing the degree of similarity (%) of the PCR-DGGE profiles of the eukaryotes

Implications of Trichoderma-Based Biostimulants

for Modulating Soil Microbial Communities



Fitorimedio
Phyto
plant

Remedium
remediation

Favaset al 2014 in Environmental Risk 
Assessment of Soil Contamination



Plantand PTEsinteraction
Metal Essential Functionsin plants (toxicity theresholdmg kg-1)

As No (20)

Cd No (5-10)

Co Yes Cofactor enzymatic activities; essentialfor 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; reproductivephase; 
resistance biotic and abiotic stress (170-2000)

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

Pb No (10-20)

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 abioticstress; legume nodulation and 
nitrogen fixation (150-200)

Modifiedfrom Vameraliet al Environ ChemLett (2010) 8:1ς17



Transfer to foodchain



High fertile soilpotentiallycontaminatedby Cd
(source low qualityMSW compost)

Compost(10 Mg ha-1 FW)

increases
Nitrogen
and PTEs
bioavailab
ility

increase
Giant Reed
root
uptake and
growth

Trichodermainoculation
Acerra (Naples) Cd(mg kg-1)

Measuredvalues 3.4

legalthresholdAgric. Soils 2.0

Arundo donax

Biomass crop

Hypertolerant

Non-edibile

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


Reclamationmust be  targetedon PTEs
bioavailablefractions

Cadmium Rec. time

mg kgς1 g ha-1 years
Total -SSV 1,1 5280 83

DTPA 0,33 1584 25
Amm.nitrate 0,055 264 4

Factors Abg. Biomass Rhizomes BAF .!CΩ

(g Cdhaς1) shoots roots

Inoculation

NT 52.0 b 6.9 b 1.23 1.00

T 61.1 a 8.7a 1.22 1.14

Fertilization

NC 48.9 b 7.1 1.14 b 0.95 b

C 64.2 a 3.9 1.32 a 1.19 a
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Bioindicationof Cdavailability

BAFroot = PTEs mg kg-1 roots / PTEs mg kg-1 soil

>1 : suitablefor phytostabilizationand securingof the site

BAFshoot = PTEs mg kg-1 shoots/ PTEs mg kg-1 soil

>1 : suitablefor phytoextraction and remediationof the site



Microbial responseto PTEsavailability

Free Living Nitrite Oxidizer Bacteria
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Bulk Soil Rhizo-soil
Freeliving Nitrite OxidizersBacteria(NOB):

- sensitiveto heavymetals

- usedto monitor the qualityof contaminatedsoils

Planteffect: NOBlower in rhizo-soildueto higherPTEsconcentration

Composteffect: NOBlower in bulksoilwhencompostwasadded(PTEs
bio-availabilitywasnot balancedby Arundodonaxuptake)

Basedon Marschnerand Rengel2012

Mass flow of PTEs
driven by the transpiration rate of 

the plants

Compost amendment
Limits passive PTEsflows

PromotesactivePTEsflows









Shannon 
index

Pielou
index

Species 
number

Poaceae Fabaceae Asteraceae Miscellaneous
species

Plant 
soil 

cover 

ERI -.84** -.88** -.71* -.47 -.33 -.54 -.68* .37

Pb(mgKg-1) -.82** -.84** -.68* -.46 -.30 -.51 -.65* .37

Zn(mgKg-1) -.80** -.79* -.81** -.66 -.23 -.59 -.73* .32

Cd(mgKg-1) -.85** -.89** -.72* -.47 -.33 -.55 -.69* .37

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



Species
Pb (mg kg-1 d.w.) Cd (mg kg-1 d.w.) Tl (mg kg-1 d.w.)

Shoots Roots Soil Shoots Roots Soil Shoots Roots Soil

Holcuslanatus 70 358 1707 1.2 4.9 5.8 0.11 0.45 1.5

Silene latifolia 216 340349647 7.7 41.1175.6102.54 43.99 9.4

Elymus repens 282 140716084 5.2 26.2 59.5 1.00 1.84 5.2

Dactylis glomerata 323 59011795 3.7 17.8 50.7 0.28 0.96 2.3

Dittrichia viscosa 47 16 609 1.1 0.3 2.5 0.10 0.40 1.9

Thresholdsfor forage
(Reg-UE 1275/13) 

34 1.06 ---

Thresholds of
hyperaccumulators
(Van der Entet al., 

2013)  

1000 100 100


