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SOIL AS A POROUS MEDIA, 
REGULATING THE WATER CYCLE

problem of 2m control section or soil classifications

Paradigma Agronómico Paradigma Ambiental



La necesidad de ampliar  el concepto de: 
¿Que Entendemos Como Un Suelo?



La necesidad de ampliar  el concepto de: 
¿que entendemos como suelo?



Edafólogos Relacionados con la 
Ampliación del Concepto de Suelo



Del Suelo a la Geoderma
Antecedentes Bibliográficos Recientes

Tricart y Cailleux (1965) 
(geography)
Sánchez, 1994 (agronomy) 
Yaalon 1995 (pedology)
Paton, et al 1995 (megapedology)
Ibáñez et al. 1994, 2001 
(geoderma) Huggett 1995 
(pedogeomorphology)
Phillips (pedogeomorphology)
Ollier y Pain (1996) (pedology and 
applied quaternary research) 
Richter y Markewitz (1996) (Soil 
Biol)



Old Championships Of the Soil-
Regolith-Paradigm

• Ramaan(1928)

• Glinka (1931)

• Cline (1961)

• Australian School
• Geoff Humphrey



Descripción y Taxonomía de la 
Geoderma



Geoderma y la Biología del 
Regolito

Biomanto

Johnson, D. L.; Lin, H.



Suelos y Ecología: Redes 
Biológicas (Cadenas Tróficas)



Zona Crítica Terrestre Suelos: Un 
Nuevo Paradigma

EE.UU.. Pone Toda la 
Carne en el asador



La Zona Crítica Terrestre:
Los Cuatro Problemas a Resolver



Estructuración del Programa ECZ
• Question 1: How are the rates of 

physical and chemical weathering 
perturbed by environmental 
forcing?

• Question 2: How do important 
biogeochemical processes 
occurring at Critical Zone interfaces 
govern long-term sustainability of 
soil and water resources?

• Question 3: How do processes in 
the Critical Zone nourish 
ecosystems and how do they 
respond to changes in external 
forcing?

• Question 4: What processes in the 
Critical Zone control biosphere-
atmosphere exchanges of 
atmospherically important gases 
and particulates?

• Each question have several items
and

• A Research Agenda

• Question one items
• What controls the thickness of the Critical Zone?
• What controls the vertical structure and 

heterogeneity of the Critical Zone?
• What controls the rate of chemical and physical 

weathering?
• How is weathering linked to hydrology in the 

Critical Zone?
• How is weathering linked to biology in the 

Critical Zone?
• What weathering thresholds produce irreversible 

changes in the Critical Zone?
• Research Agenda
• (1) develop tools to access and characterize the CZ from 

the surface down into bedrock
• (2) apply geophysical methods to profile regolith depths, 

densities and structures; 
• (3) characterize hydrologic flow paths, fluid potentials, 

and hydraulic conductivities 
• (4) measure exposure ages and the rates of chemical and 

physical processes
• (5) develop tools to study biophysical and biochemical 

processes in the CZ and particularly in bedrock
• (6) develop isotopic techniques to trace nutrient 

cycling and to distinguish between lithogenic 
versus biogenic sources.



• Algunos comentarios a la Primera Pregunta:
• Shallow soils and soil structures have been extensively characterized and

classified by soil scientists. In contrast, the structure of deep soil horizons
down to unweathered bedrock is generally poorly documented. Can we
develop a unified approach to characterize the environmental conditions and
mechanisms that produce differences in soil types and individual horizons
over the full weathering or soil profile?

• Time and climate sequence studies demonstrate that the CZ commonly
exhibits trends in composition and structure that evolve non-linearly,
suggesting that irreversible processes occur that limit responses to
environmental variability.

Puntualizaciones Personales
Datos, modelos y diseños de instrumentación serán de acceso para todos 

los grupos participantes en el Programa

Estructuración del Programa ECZ



Zona Crítica Terrestre Suelos: 
¿Un Nuevo Paradigma o Iniciativa Institucional?



Suelos en Riesgo de Extinción
Suelo Domesticados vs. Suelos Naturales

Figure 7. Estimate of the total amount of earth moved annually by humans as a function of 
time. Curves (from HOOKE, 2000) were calculated from earth movement per capita multiplied 

by population. Humans now move about 10 times more sediment as all natural processes 
combined..



Zona Crítica Terrestre Suelos: 
Un Nuevo Paradigma

• Cosmogenic isotopes allow dating of exposure surfaces
• New isotopes and other tracers can document biological cycling, age of comminution, rates equilibrium
• Environmental imaging tools for soil observatories
• New molecular biological techniques
• New nanoscale spectroscopies probe chemistry of mineral-soil-water-biota interface
• Environmental sensors for investigating field sites
• 3-D reactive transport and hydrologic models

New Tools

Instrumentalización 
de Cuencas de 

Drenaje



Zona Crítica Terrestre Suelos: Un 
Nuevo Paradigma

Escalas Espaciales

Escalas Temporales



Zona Crítica Terrestre Suelos: 
Un Nuevo Paradigma

• The surface of the Earth is rapidly changing, largely in 
response to anthropogenic perturbation. How will such 
change unfold, and how will it affect humankind? The 
Critical Zone is defined as the external terrestrial layer 
extending from the outer limits of vegetation down to and 
including the zone of groundwater. This zone sustains 
most terrestrial life on the planet. 

• Despite its importance for life, scientific approaches and 
funding paradigms have not promoted and emphasized 
integrated research agendas to investigate the coupling 
between physical, biological, geological, and chemical 
processes in the Critical Zone.



Zona Crítica Terrestre Suelos =
Suelo y Sus Factores Formadores + Investigación transdisciplinar

Why non-integrative approaches
have failed

• This is not a hydrologic problem
• This is not a solid earth problem
• This is not a biological problem
• This a problem that couples
hydrology, geology,
geomorphology, biology, soil
science, geochemistry….

Escalas: espacio y Tiempo



Suelos de Zonas Húmedas

Those areas that are inundated or saturated by
surface or ground water at a frequency and
duration sufficient to support, and that under
normal circumstances do support, a
prevalence of vegetation typically adapted for
life in saturated soil conditions.

Wetlands generally include swamps, marshes,
bogs, and similar areas.



Hidroedafología: Suelos Hídricos
• Hydric soils can be either organic or mineral soils. 

• Organic hydric soils are commonly referred to as peat or muck. Organic soils
formed in waterlogged situations, where decomposition is inhibited and plant
debris slowly accumulates, are called Histosols. All histosols are hydric soils
except Folists.

• Mineral hydric soils are those soils periodically saturated for sufficient duration
to produce chemical and physical soil properties associated with a reducing or
anaerobic environment. Under conditions of a fluctuating water table, mineral
soils may exhibit a variety of contrasting colors within the soil profile.

• Mineral hydric soils are usually gray and/or mottled immediately below the
surface horizon, or have thick, dark-colored surface layers overlaying gray or
mottled subsurface horizons. The Munsell Soil Color Charts contain pages,
called gley pages, with color chips for the gray, blue, and green colors often
found in mineral hydric soils.



Suelos Hídricos y Su Olvidado 
Proponente (W. Kubiena)



Hidroedafología y Escalas



Clasificación de los Suelos de las 
Zonas Intermareales y Estuarios

¿Suelos 
Flotantes Y 
móviles?



Los Suelos de las Praderas De Posidonia: 
Un Ecosistema en Riesgos de Extinción



Urbisuelos
Mapa de Suelos de la Ciudad de Berlín



Greater Berlin: Integrated waters model
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Zona Crítica Terrestre en España
Posible Participación

• ECZ Busca Partners en Diferentes
Zonas del Mundo que cubran una
malla predeterminada para formar
una “Red”

• La Malla está compuesta por un Red
de Estaciones para proyectos de
corta Duración que abordarán
aspectos específicos (financiación de
5 años prorrogable)

• En los Nodos Principales Se
establecerán Estaciones de Mayor
Envergadura que aborden las cuatro
cuestiones planteadas por la Iniciativa
con financiaciones a largo plazo

• Varios países se han adherido
(algunos europeos ya se han)
adherido: Taiwan, India Hungary, Poland,
Czech Republic, France (2 sites), Norway,
Sweden, England, Guadeloupe, Iceland

• ¿Y España?, ¿Y la UE que dice?



Esquema Hipotético de Una Participación 
Española  “fuerte” en la Iniciativa ECZ

• SECS y el GT de la Zona 
Vadosa con Apoyo de:

• Un OPI  de Implantación 
Nacional y:

• Apoyo Institucional & 
económico del MEC ¿y 
del MIMAN?

• Posibles OPIs: CIEMAT, 
IGME y CSIC



La Directiva Comunitaria de la Protección 
de Suelos: ¿Solo Contamination?

Common 
DEFINITION in 

Directive

Common LIST OF 
POTENTIALLY 

POLLUTING 
ACTIVITIES in 

Directive

Member States establish an INVENTORY of contaminated sites

Soil Status Report

Member States adopt a NATIONAL REMEDIATION STRATEGY

REPORT to Commission

MECHANISM FOR 
« ORPHAN SITES »



From the Local to the Global Scale
ESDAC as part of a nested system of soil data 

centres

Soil 
Monitoring 
Sites

ICSU/ISRIC/FAO/UNEP

EU

Member States

Regions

Communes

World Data Centre for Soil 
(WDC Soil)

Operated by ISRIC on behalf of ICSU

European Soil Data Centre
(ESDAC)

Operated by JRC

National Soil Data Centre
to be defined

Regional Soil Data Centre
to be defined

Data centers providing policy relevant soil information for different scales

1:5,000,000

1:1,000,000

Multiscale European Soil Information System (MEUSIS)



Fin 
(…¿de una Era?...)



Zona Crítica Terrestre Suelos: Un 
Nuevo Paradigma

• to include the “heterogeneous, near surface 
environment in which complex interactions 
involving rock, soil, water, air, and living 
organisms regulate the natural habitat and 
determine the availability of life-sustaining 
resources.” 

• The critical zone includes the land surface, 
vegetation, and water bodies, and extends 
through the pedosphere, unsaturated vadose 
zone, and saturated groundwater zone. The 
critical zone is the most heterogeneous portion 
of the Earth.



European Soil 
Database: 

WRB classification

http://eusoils.jrc.it



Objetivos de la Zona Crítica Terrestre



Hidroedafología y 
Suelos de Zonas Húmedas



Sistema de Información de Suelos de la UE



Data collection/
updating

Data requirements

Data management/
harmonization

Data dissemination

European Soil 
Bureau Network

European Soil 
Information System

DG ENV, MS

Qa and Qc

Starting from 2007 (FP7):
ESDAC- European Soil Data Centre

Access over eu-geoportal: 
http://eusoils.jrc.it

National Soil Data Centers

JRC added value products
e.g. Multiscale European Soil Information System

JRC

Regional Soil Data 
Centers



Arquitectura de la Web y de La Naturaleza
Curvas de Willis, Leyes de Escala, Pequeños Mundos, Fractales, 

Diversidad, Conectividad, Redes y Jerarquías


