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Soil is the foundation of terrestrial ecosystems and the majority

of ecosystem services needed for human survival arise from soil

(Kibblewhite et al., 2008. doi: 10.1098/rstb.2007.2178)

González-Pelayo, O.; Guimarães, M.H.; Pinto-Correia, T.



Climate change +

Problem

Soil Degradation = No water in soil, 

No nutrientes in soil, 

No biomass in soil

DESERTIFICATION



Climate change +

Solution??

Soil Correction = YES water in soil, 

YES nutrientes in soil, 

YES biomass in soil

Reverse 
DESERTIFICATION

Hypothesis

To correct soil limitant factos, thus

make soil functionning

Lime, Ash, sewage, biochar, …,



Velocity of formation (slow)
+/-1Tn/ha/year, Verheijen et al. (2009)

*Based on bedrock properties:

-Hard rock — slow. i.e.: Granite, Quartz

-Soft rock — quick. i.e. Clay, sandstones

*Based on weather

*Based on time

Soil water & Temperature drives

SOIL WEATHERING

Soil is dynamic

Verheijen et al. (2009) https://doi.org/10.1016/j.earscirev.2009.02.003

soil ? = essentially a non-renewable resource, 
   at least for a human lifetime

SOIL FORMATION FACTORS (N=5)

Bedrock + weather + relief + organisms + time = SOIL

https://doi.org/10.1016/j.earscirev.2009.02.003


Soil Ecosystem Services

ES1. Water & Soil conservation

ES2. Nutrient cycling

ES3. Carbon sequestration

ES4. Biodiversity

Soil performs Functions that delivers ECOSYSTEM SERVICES  

Major Soil Functions

Soil structure maintenance

Nutrient cycles

Carbon transformations;

Regulation of pests and diseases



Soil degradation promotes desertification
Soil as a non-renewable resource (at human scale)

availability and scarcity

THREATS

SOM decline

Erosion

Compaction

Pollution

Impermeabilization

…

Soil degradation means 
loss of FUNCTIONS



since the 13th century and expanded in the 18th century  

wood pastures for high quality livestock + cork production

open forest (< 80 trees/ha), functional complexity, high spatial fuzzyness

Montado: unique Mediterranean silvo-pastoral system T. Pinto-Correia, personnel communication



Montado spatial dynamics From 1990 to 2006 losses of ~90.000 ha of Montado (5625 ha/year) 

FACTORS Canopy cover cover decline in Montado

Godinho et al., 2016.
doi.org/10.1016/j.ap
geog.2016.07.004

https://doi.org/10.1016/j.apgeog.2016.07.004
https://doi.org/10.1016/j.apgeog.2016.07.004
https://doi.org/10.1016/j.apgeog.2016.07.004


Cathastrophic Shift

Ageing of the
system

Scarcity of new 
generations of 

individuals

Tree cover 
changes

TYPING 
POINT???

Progressive degradation of the 
system over time, even in the 
absence of disturbance, or a 
decrease in the intensity of use.

N. Guiomar, personnel communication

Montado developed on Px soil type (Luvisol). NO NEW INDIVIDUALS. 

Ageing of the system



How can we halt soil degradation? Making Soil Functioning



Soil health is presented as an integrative property that reflects the capacity of soil to respond to

agricultural intervention, so that it continues to support both the agricultural production

and the provision of other ecosystem services (ES).

Soil health is dependent on the maintenance of 4 major

functions:

-carbon transformations;

-nutrient cycles;

-soil structure maintenance;

-regulation of pests and diseases

Source: USDA

What is “SOIL HEALTH”?



What is “SOIL QUALITY”?

The capacity of soil to function, to sustain plant and animal productivity, maintain or enhance water and air

quality, and support human health and habitation” (SSSA).

Evaluated in terms of measurable soil attributes that measure specific physical, chemical, and biological properties,

known as soil quality indicators (SQIs). The applicable SQIs are those that integrate the combined effect of several

properties or processes that affect the capacity of a soil to perform a specified function.

Muñoz-Rojas, 2018.  https://doi.org/10.1016/j.coesh.2018.04.007

https://doi.org/10.1016/j.coesh.2018.04.007


What are “SOIL QUALITY INDEXES”?

Are a ‘minimum set of parameters that, when interrelated, provide numerical data on the capacity of a

soil to carry out one or more functions’. They are a combination of SQIs to assess ecosystem changes.



Aim & Scope

To identify the current soil health status on the major soil types in the Montado system of central 

Alentejo, by using a methodology that quantify and value SQI by a chrono sequence approach.

Set-up is based in a paired treated/control plots assessment. Treated-plot is a soil correction (dolomitic 

limestone, sewage, ashes, …, ). In Control-plot any soil correction is implemented. The effectiveness of 

corrective measures will be quantified by comparing treated versus control plots.
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The specific objectives (3 major soil types) are: 

i) to characterize and quantify specific soil quality indicators (SQI) in the three major soil types; 

ii) to develop visual indexes of soil functionality and validate the sensitivity with the SQI; 

iii) to capture Montado´s soil functions improvement after a soil correction (lime,ash,sewage, biochar, ..)

VIMoS- An approach to develop Visual Indicators on Montados’ Soil functions

Data VALIDATION Data VERIFICATIONData ADQUISITION



-Oct 20XX.-Control BEFORE TREATMENT         done by the land owner.

1 soil sample taken at Out Canopy and analysed for chemical (nutrient 

cycling): pH, EC, CEC, Micro, NPK, SOM.

+ Treatment-Calcario dolomítico (done by the land owner)

Practical approach
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-Oct 20XX.-Control BEFORE TREATMENT         done by the land owner.

1 soil sample taken at Out Canopy and analysed for chemical (nutrient 

cycling): pH, EC, CEC, Micro, NPK, SOM.

+ Treatment-Calcario dolomítico (done by the land owner)

-Oct 2023.-Treated        lab analyses & field to be done in MED ($)

1 soil sample taken at Out Canopy and analysed for chemical (nutrient 

cycling): pH, EC, CEC, Micro, NPK, SOM. + microbiological

+

-Oct 2023 Control      . lab analyses & field to be done in MED ($)   

1 soil sample taken at Out Canopy and analysed for chemical (nutrient 

cycling): pH, EC, CEC, Micro, NPK, SOM. + microbiological

Control 

Practical approach
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The typical Montado soil has an acidic pH and manganese toxicity, which affect the productivity and soil 

functioning. One of the low-cost alternatives suggested in this context is the application of dolomitic limestone as a 

way of improving soil fertility (Carvalho et al., 2015). That amendment of soil acidity is a slow and gradual process 

that improves soil Mg/Mn ratio and has a positive impact on pasture productivity and quality (Serrano et al., 2021).

The application of Dolomitic limestone should have an impact on soil properties thus 

improving soil functions and this is what we aim to capture with the SQIs

Carvalho, M. et al. (2015).Rev. Cienc. Agrar.: 38, 518-527/ Serrano et al. (2021).Agronomy: 11, 514. https://doi.org/10.3390/agronomy11030514

WHY A SOIL CORRECTION in Montados´ soils??     For instance: Dolomitic limestone



Carta dos solos 
de Portugal (FAO)

1: 1 000 000

(Sandy soil)

Px - Solos Argiluviados Pouco Insaturados -
Solos Mediterrâneos, Pardos, de Materiais 
Não Calcários, Normais, de xistos ou 
grauvaques)
Pv - Solos Argiluviados Pouco Insaturados -
Solos Mediterrâneos, Vermelhos ou 
Amarelos, de Materiais Não Calcários, 
Normais, de rochas cristalofílicas

Major soil types
FAO vs. SROA

SROA, 1970
Carta de solos de Portugal

1:50.000

WHAT ARE THE MAJOR SOIL TYPES ??



Soil Formation Factors

Soil Formation Processes

WHAT ARE THE AVAILABLE SOIL MAPS IN PT ??

FAO (1st level) available SROA (1st level) available

First level YES First level YES

Second level NO Second level YES

FAO soil maps based on PROCESSES (iluviation, humification, …)

SROA soil maps based on PROCESSES & PROPERTIES



Huge soil type diversity in SROA maps. The most common soil types according to SROA (1970) 

FAO SROA

Cambisol Pg; Pgm; Ppm

Luvisol Pv; Px; Pmg; Pag

Sandysoil Rg; Ppt

WHAT ARE THE AVAILABLE SOIL MAPS IN PT ??



Huge soil type diversity in SROA maps. The most common soil types according to SROA (1970) 

SITE SELECTION



Huge soil type diversity in SROA maps. The most common soil types according to SROA (1970) 

SITE SELECTION



Huge soil type diversity in SROA maps. The most common soil types according to SROA (1970) 

SITE SELECTION
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Chronosequence approach based on Dolomitic limestone application

T0 T1 T2

Pg_cambisol_São
Mateu_Antonio
Marques_dolomitic
application_3 tn/ha in 2023

Pg_cambisol_Parreira_Nuno
Marques_dolomitic
application_2 tn/ha in 2016??

Pg_cambisol_Her.
Camoeira_Dr. Caetano
Soares_dolomitic
application_3 tn/ha in 2013

Ppn_cambisol_gneiss_Terra
Freiras_Antonio
Marques_dolomitic
application_3 tn/ha_Nov2022

Pgm_cambisol_Fontes
Portas_Nuno
Marques_dolomitic
application_2 tn/ha in 2016??

Pg_cambisol.
Mitra.
Application_3 tn/ha in 2013

Pg_cambisol_Her. em Torre
Coelheiros_Monte das Feijoas
dos Ramos_Lourenço Beja da
Costa
_1.5 tn/ha in 2018

VIMoS- An approach to develop Visual Indicators on Montados’ Soil functions

FAO SROA

Cambisol Pg; Pgm; Ppm



MED-CHANGE-UÉvora / Citizen -Synergies

-Synergies with MED SCIENTIFIC SOIL DATASETS?

Herdade Parcela Área da Parcela (ha)Coberto Textura de soloConcelhoFreguesiaCalagem S ou N?Tipo de correctivo Qtd aplicada (kg/ha)Data da calagemPrado instalado S ou N?Data instalação do pradoCoordenada da parcelatipo de solo Remarks

Fontaínhas Poço da Água Branca54 Sobro Arenoso Alcácer do SalTorrãoS Calcário Dolomítico (tudidol) 1000 #### S 01/10/2021 https://goo.gl/maps/ioZnfUZ4eQ6yiJVC6Pag (Luvisolo) + Vt (Cambisolo) Luvisolo

Monte Branco Primos 39 Azinho Média (cascalho)Ferreira do AlentejoFigueira dos CavaleirosN Calcário Dolomítico (tudidol) 3000 S 01/10/2021 https://goo.gl/maps/n3nf7PwyABhFmL8Y7Pag (Luvisolo) Luvisolo

Várzea Redonda Depósito 42 Sobro Arenoso Alcácer do SalTorrãoN Calcário Dolomítico (tudidol) 2000 N https://goo.gl/maps/7BMRkNFSpfVuU7Pv8Rg-Regosolo_Ppt-Podzol + Rg-Regosolo+Pz-Podzol Arenosolo

Monte Branco Tói da Engrossa 70 Sobro Arenoso Ferreira do AlentejoFigueira dos CavaleirosN Calcário Dolomítico (tudidol) 2000 N https://goo.gl/maps/7rgV9w8bk2BU7BV87Rg-Regosolo Arenosolo

-Synergies with PRIVATE SOIL DATASETS?

Torrão_Casa agrícola M. Gil Ferreira

Her. Barbosa e Serrinha. F. Guedes. Estremoz



Key home message

-Necessity to know SOIL HEALTH status and how their FUNCTIONS 
are working & interacting.

-Each SOIL TYPE has its own attributes that perform different Soil 
Functions.

-Define simple & measurable SQIs by SOIL TYPE.
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Obrigado pela vossa atenção
www.med.uevora.pt oscar.pelayo@uevora.pt
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