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3.1 Introduction

The Spanish Temperate Humid Zone refers to a wide terri-
tory located in the northwest (Galicia) and northern Spain
(Asturias, Cantabria and the Pais Vasco), bordered by the
Atlantic Ocean in the west, the Cantabrian Sea in the north,
the Community of Navarra in the east and the north of
Portugal, the Communities of Castilla y Leén and La Rioja
in the south. This territory comprises the following admin-
istrative areas: Galicia (29,574 km? of surface, 1,498 km of
coast, 2,825,000 inhabitants) with four provinces—A Cor-
ufia, Lugo, Orense, and Pontevedra; Asturias (10,604 km? of
surface, 350 km of coast, 1,117,370 inhabitants) with only
one province; Cantabria (5,321 kmz, 284 km of coast,
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541,885 inhabitants) with the Province of Santander; and the
Basque Country (7,234 km?® of surface, 246 km of coast,
2,130,783 inhabitants) with three Provinces—Alava, Gui-
puzcoa and Vizcaya.

These territories, representing altogether a surface of
almost 53,000 kmz, with nearly 2,400 km of coastline, show
common climatic characteristics that can be summarized by
the abundance of rainfall that involves a high drainage and
excludes or limits the summer dryness, allowing this wide
area to be called, in general, the “Temperate Humid Zone.”
However, due to the different orography of the territory,
particularly between Galicia and the other areas, which are
deeply influenced by the Cantabrian Mountains that run par-
allel to the Cantabrian coastline, variations in the climate can
be observed. These differences are mainly due, on the one
hand, to the great differences in altitude (from sea level to over
2,500 m asl) and, on the other, to Mediterranean and conti-
nental climate influences well expressed in some areas of
inner Galicia and particularly in the southern slopes of the
Cantabrian Mountains and some inner valleys. Therefore, the
area corresponding to the faces of these mountains oriented to
the south, following by the Spanish central Plateau (Meseta),
where even a Mediterranean climate is observed, was
removed from this study; the same occurs with the Province of
Alava where the area of the hydrographic basin of the Ebro
River has been excluded as well, due to different climatic
characteristics. In this context of temperate humid climate
with contrasts in temperature and precipitation conditioned by
relief and altitude, a remarkable diversity in the soil-forming
factors, such as lithology, geomorphology, vegetation, and
land use, determines a wide variety of soil types.

The aim of this chapter is to give a detailed and updated
scientific view of the soils of this wide area, based on the
vast knowledge of the soils of the temperate humid zone of
Spain, available to us from our own work and that carried
out by an earlier as well as great numbers of scientists
nowadays, mainly pedologists, who deserve our sincere
gratitude, particularly those that have introduced the study of
the soils in Spain and its different regions.
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Spanish Temperate Humid Zone

Location of the Spanish Temperate Humid Zone.

Base map:Gran Enciclopedia Larousse, 1984.

This chapter begins with a state of the art referring to this
zone, Sect. 3.2, followed by Sect. 3.3, including the concept
of soil and the study of the main factors influencing its
formation, particularly parent material and geomorphology,
climate, and vegetation and land use, as well as Sect. 3.4,
dedicated to factors of soil degradation, mainly forest fires,
and their main consequences, post-fire erosion and soil
losses, promoted by the combination of high precipitation
and deep mountain slopes in the study zone. Afterwards, a
large section is devoted to the updated study of the taxon-
omy and classification of the Major Soil Types in the
Spanish Temperate Humid Zone (Sect. 3.5), using the World
Reference Base for Soil Resources 2006, first updated in
2007 (IUSS Working Group WRB 2007), mainly because
this is the classification system that better fits the charac-
teristics of the soils of the zone; this section comprises the
identification of the main Reference Soil Groups
(RSG) represented in the zone, reference soil groups (RSGs)
and second-level units of the WRB in the study zone that
also includes a table with tentative correlations between the
RSGs of the WRB (2006) and the soil orders, and more
significant lower categories of the Soil Taxonomy (2010)
classifications for the soils of the study zone.

The detailed description of each RSG and the definition
of the main type of soils (second-level units) within each
RSG represented in the zone, mainly based on the physical,
physic-chemical and chemical characteristics of the soil
types, and their geographical distributions, are also presented
and discussed in the subsections and corresponding tables.
Finally, in the subsection on main biochemical and biolog-
ical characteristics of the soils of the zone, a summarized
account of these important properties for the functioning of

the soils and the dynamics of the soil organic matter, which
is a fundamental soil component directly related to the
quality of the soils, is presented.

3.2  Soil Research History
There are historical precedents in Galicia on diverse soil
studies since the eighteenth century, when in 1786 the
Memoria sobre el conocimiento de las tierras was published
and where the Asturian F. Consul Jove wrote about his
particular point of view on the soil fertility of the Galicia and
Asturia soils, defending the “new agriculture” and promot-
ing the use of manure (Diaz-Fierros 2003). Similarly, in
1857 Olazabal produced the first soil studies of Vizcaya (the
Basque Country), giving special consideration to the
importance of natural vegetation and manuring for main-
taining or improving soil conditions; he also argued for soil
information to be included as part of the statistical
accounting of the country, in opposition to some of his
contemporaries, who judged the agricultural capability of
land merely on the basis of the degree of slope.
Nevertheless, the presentation of “Los tipos de suelos de
Galicia” by Huguet del Villar in the “Reunion de la Socie-
dad Espariola para el avance de las Ciencias,” held in
Santiago de Compostela in 1934 could be considered to be
the introduction of the Soil Science in Galicia. This coin-
cided with the development of a School of Pedology in
Madrid that after the Spanish Civil War had great tran-
scendence. Prof. Albareda, soil scientist  and
Secretary-General of the Spanish Council for Scientific
Research (CSIC), initiated his formation in this school,
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which continued in Zurich (Germany) with Wiegner and
with Russell in Rothamsted (U.K.); his ideas on the soil,
which although dominated by soil chemistry, were a good
description of the more current knowledge in soil science at
the Central European School, were revealed in a course at
the Foundation Cartagena, promoted by the Academy of
Sciences, and edited in El Suelo (Albareda 1940)
(Diaz-Fierros 2003). In 1952, Prof. Manuel Mufioz Taboa-
dela, formed in the CSIC, under the tutelage of Prof. Alba-
reda, arrived at the Faculty of Pharmacy of the University of
Santiago de Compostela (USC), as Professor of Applied
Geology (crystallography, mineralogy, pedology and
hydrology) and later on Director of the Centro de Edafologia
y Biologia Vegetal del CSIC (today the Instituto de Inves-
tigaciones Agrobioldgicas de Galicia, [IAG-CSIC), inaugu-
rated in 1958, on the campus of the USC. Together with Dr.
Francisco Guitian Ojea, scientific researcher of the CSIC and
senior lecturer at the USC, they initiated the study of the
soils of Galicia, and later on those of the temperate humid
zone of Spain. They defined and diversified various fields of
the Galician soils, which were developed in doctoral theses
assigned to the first generation of the Galician pedologists.
Dr. Ramoén Fabregas joined this group at the IIAG-CSIC, as
the researcher responsible for the section on soil fertility. At
that time, the lack of funds for research caused them to
contact Spanish and international enterprises, such as
CALFENSA, Fundacion Martin Escudero, NESTLE, and
others, which financed some of the projects related to soil
fertility, such as soil liming, introduction of lucerne in the
Galician prairies and the transformation of scrublands into
mountain pastures. In 1963 Prof. Mufioz Taboadela died at
age 42, and Prof. Guitian Ojea, already Professor of Pedol-
ogy and Agricultural Chemistry at the USC, continued the
study of the soils of the temperate humid zone of Spain,
thereby opening new lines of research.

In 1977, the brochure “XXV arfios de estudios de Edaf-
ologia en Santiago 1952—1977” (Guitian Ojea and Carba-
llas 1977) and in 2003, the book 50 Aniversario de la
Edafologia en Galicia (Carballas et al. 2003) were edited.
This book, dedicated “To Prof. Francisco Guitidn Ojea
(considered the “father of the Galician pedologists” by
themselves) and to the memory of Prof. Manuel Muiioz
Taboadela (1), pioneers in the study of the soils of Gali-
cia,” consists of a description of the organization and staff
(91, and numerous granters and quite a lot of national and
international people that had made stays or had collabo-
rated in research projects) of the institutions (11) dedicated
to the study of the soils; the docent (subject matter) and
scientific (lines of research) activity; the research projects
(460); PhDs (60), D.E.A and others (210); and the scien-
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tific publications: books (57), books translated into Spanish
(8), book chapters (136), articles in journals (1,714), con-
gresses organized (15), and communications to the Con-
gress (1,050), as well as maps and other information.

This important work allowed call the “Pedological
School of Galicia” to the numerous research groups formed
around Prof. Guitian Ojea, whose members, mainly those of
the first (Prof. Tarsy Carballas, who after 22 years as the
main researcher of the Guitidn group, specialized in soil
organic matter and created the “Department of Soil Bio-
chemistry” in the IIAG-CSIC), and the second (Prof. Fran-
cisco Diaz-Fierros, mainly focused on climate, soil water,
soil physical properties, soil erosion, and agricultural soils in
the Faculty of Pharmacy; and Prof. Felipe Macias, mainly
dedicated to the mineral components of the soil and their
alteration, the recovery of contaminated soils, and soil tax-
onomy and cartography in the Faculty of Biology) genera-
tions were afterwards the germen of numerous new groups
of research within the same school dispersed throughout the
three Galician Universities, Centers of the CSIC, and other
Institutions and enterprises. Today, most of the pedologists
of Galicia (a staff about 75) are grouped in the “Territorial
Delegation of the Spanish Society of Soil Science in Gali-
cia”, whose president is Dr. Montserrat Diaz-Ravifia, Sci-
entific Researcher of the CSIC in the ITAG-CSIC.

Before and after broaching the cartography of the soils of
the temperate humid zone, much research on soil science, of
paramount importance, was carried by Prof. Guitidn Ojea
and his numerous colleagues.

Galicia has a rich and complicated geology, which was
thoroughly studied by the universally well-known Galician
geologist, Prof. Isidro Parga Pondal, who created the “La-
boratorio xeoloxico de Laxe” when he was expelled from the
USC because of his political ideas, and the numerous stu-
dents from 16 European universities in France, the Nether-
lands, Germany, Portugal, Switzerland, the United
Kingdom, etc., especially from the University of Leiden,
arrived at the school in the summer, together with their
professors (Capdevile, Den Tex, Floor, Matte, and others), to
perform their PhDs, under the supervision of Prof. Parga
Pondal, studying a given zone (Parga-Pondal et al. 1964).
A great number of doctoral theses were completed, some of
them edited in the Galician language. Among his numerous
publications, the Mapa Geoldgico de Galicia (1963) and
those of its four provinces, the Mapa Geoldgico de la
Peninsula Ibérica (1970), normally used as references by the
Spanish pedologists, and particularly by those of Galicia, as
well as two cartographies of the Macizo Hespérico Penin-
sular (1962 and 1982), should be noted. He has received
numerous national and international distinctions and awards.
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Fig. 3.1 Cliff in the
basic-ultrabasic complex of Cabo
Ortegal—Sierra of the Capelada
(Photo Serafin J. Gonzalez Prieto,
ITAG-CSIC)

The enormous scientific work of Prof. Parga Pondal, after his
retirement in 1969, was translated to the Foundation Isidro
Parga Pondal located in El Castro, Sada, A Coruiia.

It is important to mention that nowadays the geology of
the basic-ultrabasic complex of Cabo Ortegal—Sierra of the
Capelada, located in the northwest area of the Galician ter-
ritory, between Cedeira and Carifio, where the waters of the
Atlantic Ocean joint those of the Cantabrian Sea (Fig. 3.1),
and “the more ancient rocks of the Iberian Peninsula are
found,” initially studied by Parga Pondal and then by many
contemporary geologists (Martinez Catalan et al. 2010;
English version, 2007), is to be proposed as a “geopark™ to
UNESCO, for the development geotouristic and cultural of
Galicia (Macias Vazquez et al. 2013). From the edaphic
point of view, the richness of its lithology, mainly ultramafic
rocks (peridotites and dunites serpentinized), and mafic
rocks (eclogites, granulites and amphibolites), permit finding
Leptosols and Umbrisols with andic properties and even
Andosols as well as Ferralic Umbrisols and Ferralsols Dy-
stric, depending on the predominance of organo-aluminic
complexes or clays of low activity and ferralic properties,
respectively.

Prof. Guitian Ojea has given great importance to soil
formation factors, which condition the soil properties and
evolution, producing a great number of edafic processes and
much edafodiversity within the limits of the climatic and
topographic conditions: (1) parent material, varying from
ultramaphic rocks to rocks constituted only of quartz and
carbonates within a frame dominated by granitic rocks and
the metamorphic of low degree, slate or schist (Guitian Ojea
and Carballas 1969); (2) climate (Guitidn Ojea and
Diaz-Fierros 1967), taking into account that the elevated

pluviometry and easy drainage favor a subtractive pedo-
genesis, with loss of basic cations and the aluminium being
the key factor in the interactions between the organic com-
ponents and the minerals that define the soil properties
(Macias Vazquez 2003); (3) vegetation, the prime material
for the formation of the soil organic matter (SOM) and the
processes induced by certain plants (Carballas and Guitian
Ojea 1966; Carballas et al. 1971); and (4) time, particularly
interesting in the soils of Galicia, where the lack of intense
glaciations down 1,000 m of altitude has permitted the
conservation of Paleosols, with ferralic characteristics on
easily alterable materials such as basic rocks; and polycyc-
lism, with burial processes and the new edaphic process of
the regoliths giving rise to discontinue series of cycles K, is
frequently found as well (Miicher et al. 1972; Macias Vaz-
quez 2003).

The study of all the soil properties was broached by the
school, and the study of the acidity of the soils, the need to
lime them, the tampon power of the soil, the complex of the
exchangeable cations and the lack of available Ca and Mg as
well as available N and P, were extensively studied by
numerous researchers (Guitian Ojea and Mufioz Taboadela
1957; Mufioz Taboadela 1965). The physical properties in
particular were studied by Prof. Diaz Fierros and his col-
leagues (Diaz Fierros and Guitian Ojea 1968); and the
mineralogy by Dr. Villar and Prof. Macias and his many
colleagues (Villar and Guitian Ojea 1972; Macias et al.
1987).

Without a doubt, the soil chemistry—particularly of the
inorganic elements—was one of the subjects more thor-
oughly researched at the school, as initiated by Guitian Ojea,
with more than 274 important contributions at the national
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and international levels (Carballas et al. 2003). It is perhaps
fitting to cite the studies on copper (Martinez Fernadndez
1965) and nickel (Carballas et al. 1965), because they were
responsible for the Rio Tinto Patifio enterprise ask Prof.
Guitidn Ojea and Dr. Carballas to collaborate; by means of
an innovative technique, they could establish the exact point
where with only one perforation, the enterprise could initiate
the exploitation of the Mine of Copper of Touro in Galicia
(Guitian Ojea et al. 1975). Later on, when it was closed,
Prof. Macias’s group was recovering the area.

Besides the chemistry of the inorganic components, the
School of Galicia also developed important contributions to
the knowledge of the soil’s organic components, a line of
research initiated by Prof. Carballas, who completed her
formation on this theme at the Centre de Pédology Biolog-
ique du C.N.R.S. in Nancy, France, with the renowned
pedologist and specialist in SOM, Prof. Philipe Duchaufour,
Director of the Centre and Professor at the University of
Nancy I. The composition of the SOM, the structure of the
humic and fulvic acids, the dynamic of the soil organic
matter, etc., were lines of research developed by the Group
of Soil Biochemistry, using C and N tracers, and these
methods were passed on to other researchers (Carballas et al.
1967, 1971; Jacquin et al. 1978; Gonzalez-Prieto et al. 1989,
1991).

In this context, an important contribution was the publi-
cation of Techniques for Soils Analysis that in its updated
second edition was published with the collaboration of T.
Carballas (Guitidn Ojea and Carballas 1976); it was used at
practically all the laboratories of soil analysis in Spain,
whether universities, centers of the CSIC or other centers of
research or technique. Very important also was the transla-
tion into Spanish of four books (Carballas 1975, 1977;
Carballas and Carballas 1984, 1986) written in French by
Prof. Philippe Duchaufour, made by Prof. Tarsy Carballas
and her brother at the instance of Duchaufour, at a time when
there were few books on this matter in Spanish and the
students’ knowledge of other languages was limited; these
books were used as references by professors, students, and
researchers in Spain and South America. A sign of the
success of the Pedological School of Galicia is mentioning
that at the XIII International Congress of the International
Society of Soil Science (IUSS), held in Hamburg, Germany,
in 1986, Prof. Tarsy Carballas was the first woman elected
First Vice-Chairman of Commission II: Soil Chemistry of
the TUSS, for 4 years, until the following conference in
Kyoto (Japan) in 1990; her candidature was proposed by the
leading scientists in SOM at that time, Professors Duchau-
four (France), Flaig (Germany), and Schnitzer (Canada), by
a group of scientists from the east countries, and other
groups of scientists from Latin America.

The study of the biochemical and biological properties
begins later, because the Biology, particularly Soil Biology,
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was not well developed in Spain. In the Galicia School, the
doctoral thesis of Maria José Acea Escrich, within the
Department of Soil Biochemistry of the TAG-CSIC, could
be considered the first contribution to this field. After having
been at Cornell University in the USA working with Prof.
Alexander, she developed many projects within the Group of
Soil Biochemistry (see Sect. 3.5.3). Likewise, the doctoral
thesis of Montserrat Diaz Ravifia, which introduced the
study of the microbial biomass, was another important
contribution; after having been at Lund University in Swe-
den, with Professors Baath and Frostegard, her numerous
papers on the detection of metal tolerance of soil bacterial
communities (Diaz-Ravina and Baath 1996a, b, ¢) and on the
study of the structure of the microbial community by the
phospholipids fatty acids or the Biolog method, have opened
a very important field in soil microbiology that was followed
by other members of the school and numerous researchers at
the national level (see Sect. 3.5.3).

The genesis of the soils as well as the processes of ped-
ogenesis were important lines of research initiated by Prof.
Guitidn Ojea, who after intense field work at all the tem-
perate humid zones, found interesting genetic relations
among the soil types represented in the study area for each
province or community (Guitidn Ojea 1967); afterwards,
they were included in the booklets that accompany each
map. Examples of these studies were: the genesis of the
Rankers, mainly the Atlantic Ranker; Podzols; Vertisols;
Andosols; soils with fragipan; littoral and continental
hydromorphic soils; estuarine soils; soils on serpentine; the
mountain peats of Galicia; the soils of the main mountains of
the zone, Barbanza, Capelada, O Caurel, Serras de Queixa
and Invernadeiro; soils on hipermagnesic or calcareous
rocks; and others (see Carballas et al. 2003).

Concerning soil cartography, according to Macias Vaz-
quez (2003), the soils of Galicia were first represented in the
soil map of the world performed by the School of Doku-
chaev, presented at the First International Congress of the
Soil Sciences, appearing within the forest zone of northern
Europe, where the podzolized soils predominated. Later on,
Huguet del Villar, in his Map of the Iberian Peninsula at a
scale of 1:1,500,000, better located the soils of Galicia
within the humiferous soils, including soils rich in humic
compounds of acidic character and wide hygroturberiform
areas near the Terra Cha. Finally, in 1958, in a map of the
Spanish soils at scale of 1:1,300,000, produced by the
Spanish Ministry of Agriculture, Galicia appears to be
dominated by Brown Soils, Podzolized Brown Soils and
Litosols.

Historic cartographic studies on the soils of the study
zone were first conducted in the 1950s by Guerra and
Monturiol (1959), specifically in the territory of Cantabria,
expressed in a soil map at a 1:125,000 scale. Intense pedo-
logical studies were carried out within the framework of an
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ambitious project, “Mapa de Suelos de Esparia,” financed by
the Banco de Espafia, at the instance of Prof. Albareda,
during the 1960s (1959-1968), whose objective was to
elaborate the Soil Map of Spain. The project, coordinated by
Prof. Angel Hoyos de Castro of the University of Madrid
and Director of the Instituto de Edafologia y Fisiologia
Vegetal de Madrid (CSIC), was carried out by various
groups of pedologists from the Spanish Council for Scien-
tific Research (CSIC) and divers Spanish universities,
assigning to each group the area of its influence. The soil
classification used was that of Prof. Kubiena (1952), because
at the time he had been working in Spain at the CSIC with
Prof. Albareda for many years, and knowing the soils of
each region of Spain well, he elaborated on a classification
that adapted very well to the characteristics of the Spanish
soils. Although the field work was carried out at a scale of
1:50,000, the maps could not be edited at that scale due to
the lack of financial support; nevertheless, almost all of the
cartographic material was published soon after by the In-
stituto Geografico y Minero of Spain at scales of 1:200,000
and 1:400,000, but a lot of the information was lost. How-
ever, the descriptive booklets that accompany the maps were
published at various periods, when each group had obtained
funds from various Institutions. In general, maps and
memories were published for each province of Spain;
afterwards, all the maps were combined and the entire Soil
Map of Spain was published (Guerra et al. 1968).

The cartography of the Spanish Temperate Humid Zone:
Galicia, Asturias, Cantabria, and the Oscense Pyrenean, but
not the Basque Country, as well as the humid areas (pre-
cipitation > 800 mm) of the Provinces of Ledn, Zamora and
Palencia, was done by the groups of the Instituto de Inves-
tigaciones Agrobioldgicas de Galicia of the CSIC
(ITAG-CSIC) and the Department of Pedology of the Uni-
versity of Santiago de Compostela (USC), all under the
Direction of Prof. M. Mufioz Taboadela, and after his death
by Prof. F. Guitian Ojea (CSIC; USC) (Mufioz Taboadela
et al. 1966; Guitian Ojea et al. 1973, 1982b, 1985a, b, 1986,
1987; Guitidn Ojea and Carballas 1982). From 1974 until
1977, within the framework of another project led by Prof.
Guitidn and financed by the Spanish Intergovernmental
Commission, the map of the same zone was produced using
the F.A.O. Classification of 1974, which was only dissem-
inated in digital form, whereas the Soil Map of Galicia was
published in an atlas (Guitian Ojea et al. 1982a). The key of
this map is full of associations and inclusions because the
field work was scanty, and in fact it is a translation from the
Kubiena units to the FAO groups; nevertheless, all the
information was included in the first Soil Map of the World
(FAO-UNESCO 1974, 1981).

More recently, the Government of Galicia (Xunta de
Galicia) has financed the digital cartography of the soils of
Galicia, at a 1:50,000 scale, using the FAO classification
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(version 1998); the work, Mapa de Solos de Galicia is being
done by R. Calvo de Anta and F. Macias Vazquez, Profes-
sors of Edafologia y Quimica Agricola of the USC, com-
prising the individual maps of the sheets corresponding to
Galicia; each soil map (number and name of the sheet) is
accompanied by the key for the soil types ordained by rock
types, and by the following maps for the area: geological
scheme (scale 1:200,000; IGME 1972); hypsographic
scheme; slope classes (FAO); administrative division
(municipalities); the soil-water balance; and the grid map of
Galicia (Calvo de Anta and Macias Vazquez 2000-2005).
The maps already completed can be seen at http://siam.
cmati.xunta.es/mapa-de-solos. From the Atlas de Galicia, a
very interesting, well-presented chapter on the “Soils of
Galicia,” has been published by the same authors (Macias
Vézquez and Calvo de Anta 2001), using the same FAO
system, which comprises the full Map of Soils of Galicia, as
well as the maps of soils on the various types of rocks
represented in this region.

Apart from these particular cartographic studies, others
were carried out within the framework of the Pedological
School of Galicia. Some examples are: the Itinerarios de los
Suelos de Galicia (Guitidn Ojea 1974); the Capacidad
Productiva de los Suelos de Galicia. Mapa 1:200,000 (Diaz
Fierros and Gil Sotres 1984); the Arlas Geoquimico de Ga-
licia; and many others (See Carballas et al. 2003).

Concerning Asturias and the Basque Country, besides the
information cited above, more recent research on soil map-
ping, mainly at 1:25,000 scales, has been done by various
research groups with funds from both autonomous Com-
munities. In the context of Asturias, between 2001 and 2008,
various soil mapping studies, at a 1:25,000 scale, have been
conducted by the government of the Principado de Asturias,
covering about 40 % of its territory (4,000 km?). Soil
information of interest on the Asturian territory is also
included in the works of Alvarez and Diaz-Fierros (1995)
and Taboada et al. (1995) (see Aramburu and Bastida 1995).
In the Basque Country, soil mapping includes the entire
territories of Alava (Ifiiguez et al. 1980), at a 1:200,000
scale, and Guipuzcoa (Diputacion Foral de Gipuzkoa 1991),
at a 1:25,000 scale, in the 1985—1991 time period.

3.3  Soil-Forming Factors

The pedosphere, a layer of 1-2 m deep (or even more),
located on the terrestrial surface, and situated in the interfase
between the lithosphere and the atmosphere, has an impor-
tant role in the global C cycle and in the production of food
and fibers throughout the world. Although the pedosphere
interacts with the atmosphere (exchange of energy and
gases), with the biosphere (biological cycles of the elements
or decomposition of organic debris due to the activity of the
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soil fauna), with the hydrosphere (leaching of elements,
hydrological cycle), and with the lithosphere (biogeochem-
ical cycle of elements, soil formation by rock weathering),
there are multiple interactions among the five spheres via
diverse processes (Carballas 2004).

The soils, constituents of the edaphosphere, are dynamic
complex systems that progressively acquire their properties
due to the combined action of these environmental factors:
parent materials, climate, vegetation, and other organisms;
the soils born and develop, giving rise to systems with a
dynamic equilibrium. They are not inert, but are living
systems where millions of chemical and biochemical reac-
tions take place continuously and simultaneously.

Although the soil’s mineral components, mainly sand, silt
and clay, are very important—especially the latter—soil
organic matter (SOM) is one fundamental component of the
soils that is directly related to the soils’ quality. The SOM is
composed, according to Schnitzer (2000), by a mixture of
plant and animal residues in various stages of decomposi-
tion, humic substances synthesized microbiologically and/or
chemically from the more simple organic compounds, as
products of the decomposed residues, and living meso- and
micro-fauna and microorganisms. These living organisms,
together with the enzymes, are responsible for most of the
processes occurring in the soil and therefore are responsible
for the soils’ functioning.

These biological organisms are the agents responsible for
two of the most important processes taking place in the soil:
(1) the process of mineralization, whose importance has
been compared to that of photosynthesis, that produces the
nutrients needed for the growth of the vegetation, as well as
greenhouse gases, mainly CO, or NHj, in greater or lesser
quantities; and (2) the process of humification, which pro-
duces humic substances, i.e., the more stable organic com-
pounds, related to C sequestration and then to climatic
change mitigation. These two processes are of paramount
importance for the survival of the living organisms and for
the protection of the atmosphere. They also participate in the
process of aggregation and therefore in the establishment of
the soil structure, another very important soil property
(Carballas 2004).

From the times of Jenny (1941), it has been accepted that
the main forming factors of the soil are: (1) time; (2) parent
material; (3) topography; (4) climate; and (5) organismes, i.e.,
vegetation and animal organisms among them the men. The
topography, a term originally used by Jenny in the sense of
relief or geomorphology, plays an important role in the
distribution and evolution of the different types of soils.

The soils born by weathering of the rocks by climate
factors (rain, air, temperature and wind), the colonization of
the rocks by vegetation, mainly lichens in the first steps,
deposition of plant and animal residues, and later
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colonization of meso- and micro-fauna and micro-biota,
responsible for the biological activity that also activates the
rocks’ weathering. The time can lead the soil to a positive
evolution and then to a dynamic equilibrium, or to a deg-
radation of its properties. Finally, human actions can change
its natural evolution; besides, this can have a strong influ-
ence, especially in agrosystems.

We will now consider these forming factors and their
influence on the production of the soils of the zone under
study, as well as those main factors responsible for their
degradation.

3.3.1 Soil Parent Materials
and Geomorphology
3.3.1.1 Rock Types

The geological substrates of the study zone are of very
variable nature and, generically, can be divided into nine
groups:

(a) Granitoids. These rocks predominate in the western
third of the study zone. Following the criteria of Cap-
devila et al. (1973), they can be divided into two large
series: alkaline granites and granitoids of two micas;
and calco-alkaline granites and granitoids, with a pre-
dominance of biotite, which comprises granodiorites,
quartz-diorites, etc. Moreover, in the eastern extreme of
the study zone (Pefias de Aia Massif) appears a small
outcrop. The granitoids of the Penas de Aia Massif
consist of two units, a peripheral one of acidic nature,
and a complex central unit of a gabbro-dioritic nature.
Slates and phyllites. These are low-degree metamor-
phic materials and fine mineralogical size. Although
they present different parageneses, they are generally
formed of quartz, muscovite and chlorite, in some cases
exhibiting small quantities of sulphurs (mainly pyrites)
and carbonaceous material. These materials are dis-
tributed in the western half of the study zone and in
small outcrops of the eastern extreme.

(c) Schist. This material extends mostly to the western
third of the study zone. It is mainly black schist of fine
grain, gneissic schist of biotite of fine grain, micaceous
granatiferous schist, and mica-schist of two micas.
Basic rocks. These are igneous and metamorphic rocks
with a low content of quartz and variable concentra-
tions of ferromagnesian minerals and plagioclases. In
this group, norites, gabbros, serpentine, eclogites, am-
phibolites, and some basic gneiss, which appear in the
western third of the study area, are included. In the
eastern third of the zone, outcrops of little relevance (of
dolerites and picrites from the Cretaceous era) can be
observed.

(b)

(d)
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Fig. 3.2 Scheme of the
distribution of the various
geological units of the study zone,
according to the division
proposed for the Iberian Massif
by Julivert et al. (1972), Farias
et al. (1987), and Arenas et al.
(1988), and for the
Basque-Cantabrian Basin by
Barnolas and Pujalte (2004)

Carbonated rocks. Limestone, dolomites, and
marly-limestone predominate in the eastern third of the
study zone. The limestone that outcrops in this area
corresponds to a wide range of eras, from the Car-
boniferous to the Neogene; outstanding by its relative
abundance is that of the Cretaceous age, which out-
crops in the eastern third of the zone, and that of the
Paleozoic, located in the central area. In the western
extreme of the zone, the carbonated rocks appear
intercalated between Palaeozoic slates, occupying small
extensions.

Volcanic rocks. In the eastern third of the study zone,
volcanic materials (i.e., lava flows and volcano-clastic
deposits) appear intercalated in the marine sedimentary
rocks, and include those from alkaline basalts to
trachytes, formed during the Cretaceous.

Lutites and sandstones are formations of the Jurassic,
Cretaceous and Tertiary eras, distributed in the eastern
half of the study zone. They are mainly calcareous
sandstones, generally intercalated between lutitic and
lutitic-marly levels. In small quantities, forming small
outcrops, sandstones of the Triassic (Bundtsandstein)
period, and lutites, with gypsum of the Keuper, can be
observed. Likewise, both extremes of the study zone
exhibit outcrops of pre-Cambrian and Paleozoic
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sandstones (fundamentally), arkoses and greywacke,
alternating with slates.

Quartzitic rocks. These rocks predominate in the wes-
tern half of the area; in this group, quartzites, quartzitic
sandstones, and dykes of quartz that appear associated
to slates are included.

Sediments are materials that have settled from the
Miocene epoch, associated with various sedimentary
environments. This group includes fluvial and
fluvial-marine deposits related to marsh zones,
aeolian-coastal deposits, glacial deposits and slope
depots. In the western extreme, it appears that filler
materials of tectonic depressions related to lagoon sites
developed during the Tertiary period.

3.3.1.2 Geological Units

These groups of rocks and sediments present a complex
distribution due to both the sedimentary processes involved in
their formation and the subsequent tectonic processes. Thus,
from the structural viewpoint, the study zone can be divided
in two large geological units, i.e., from west to east, the Ibe-
rian Massif and the Basque Cantabrian Basin (Fig. 3.2).

The Iberian Massif corresponds to the outcrops of the

Precambrian and Paleozoic rocks and to the more western
outcrops of the European Variscan Orogen. Various authors

IBERIAN MASSIF

PRECAMBRIAN

. CANTABRIAN ZONE

ASTURIAN-LEONESE ZONE

CENTRAL IBERIAN ZONE

GALICIA TRAS-OS-MONTES ZONE

BASQUE CANTABRIAN BASSIN
(a) Basque Arc

(b) Navarro-Cantabrian Trough
(c) North Castillian Platform

CENOZOIC BASSIN

BASQUE PALAEOZOIC'S MASSIFS
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(Julivert et al. 1972; Farias et al. 1987; Arenas et al. 1988)
have proposed dividing this massif into zones, assigning the
western half of the study area to the following zones: the
Galicia-Tras-os-Montes Zone, the Central Iberian Zone
(where the formation called Ollo de Sapo Complex was
described by Parga-Pondal et al. (1964)), the West
Asturian-Leonese Zone, and the Cantabrian Zone (Fig. 3.2).

The Basque-Cantabrian Basin constitutes, from the
structural viewpoint, the western extension of the Pyrenean
Orogen, mostly formed by materials deposited during the
Mesozoic and deformed during the Alpine Cycle. It is
divided by Barnolas and Pujalte (2004) into three blocks,
which, from east to west, are the Basque Arc, the
Navarro-Cantabrian Trough, and the North Castilian Plat-
form (Fig. 3.2).

3.3.1.3 Geomorphology

In the study zone, two major geological units have been
differentiated. One of them involves the materials affected by
the Variscan Orogen and, afterwards, by the Alpine Orog-
eny; the other involves further materials that are almost
exclusively affected by the Alpine Orogeny. Like that over
the Mesozoic, most of the Iberian Massif remained emerged,
and consequently supported numerous erosive cycles, thus
generating extensive erosion surfaces (for instance, the sur-
face of Chantada in Galicia) until the beginning of the
Tertiary (Gutiérrez-Elorza 1994). Moreover, these zones of
the Iberian Massif will suffer a structural alpine evolution
with reactivation of Tardi-Hercynian faults. This way, three
large morphostructural conjuncts can be differentiated. From

west to east, they are: (1) the Galaico-Leoneses Mountains
and their internal depressions; (2) the Asturian-Cantabrian
Range; and (3) the Basque-Cantabrian Mountains
(Fig. 3.3).

These mountain ranges descend rapidly (40-50 km)
towards the north until they reach the coast, allowing to
distinguish three sectors or physiographic units: (1) a supe-
rior sector in which residues of glacial and periglacial origin
(Jiménez 1996; Frochoso y Castaiidén 1997) are conserved,
(2) an intermediate sector characterized by the action of
fluvial and gravitational processes; and (3) the coastline
modeled by coastal processes.

The Galaico-Leonese Massif is a system of ranges and
mountains located in the western extreme of the study zone,
formed by rocks of the Iberian Massif. In general, the system
has a bulging form, alternating horst, grabens and faults in a
north-south direction. This mountainous system is formed by
the southeastern Sierras of Galicia (mainly granitic) and the
eastern Sierras of Galicia (mainly formed by slates and
quartzites), with reliefs that amount to 2,000 m asl, consti-
tuting the natural barrier with the Spanish Meseta. The
highest peak is Pefia Trevinca in Galicia, at 2,127 m. In the
Ancares (eastern Sierras of Galicia) appears a series of bands
of slates and sandstones, quartzites, small outcrops of
limestone and dolomites, and granite of two micas. The
summits of these Sierras are frequently crowned by quartz-
ites (Fig. 3.4), whereas the slopes and valleys are developed
on slates, appearing as a relief of Appalachian characteris-
tics. Some of the zones of these eastern Sierras have been
affected by important glacial and periglacial episodes during

Fig. 3.3 Geographical location of the geomorphological units and
some locations described in the text. GLM Galaico-Leonese Massif;
ACR Asturian-Cantabrian Mountains; BCM Basque-Cantabrian Moun-
tains; CSG Central Sierras of Galicia; OSG Oriental Sierras of Galicia;
PEM Picos de Europa Mountains; / Sierra do Xistral; 2 Pefia Trevinca;
3 Ancares; 4 Eo Valley; 5 Sierra de Bobia; 6 Sierra de Rofiadoiro; 7

Sierra de La Cabra; 8 Torrecerredo peak; 9 Sierra del Escudo de
Cabuérniga; /0 Sierra de La Matanza; /1 Gorbea Peak; /2 Oma Valley;
13 Aitzgorri peak; /4 Urkiola peak; 15 Arritzaga Valley; 16
Mendizorrotz-Jaizkibel Range. Background image: http://www-maps-
for-free.com
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Fig. 3.4 Summit of quartzites in
Cabeza de Manzaneda (Sierra de
Queixa). Orense, Galicia

Fig. 3.5 Summits and dolines in
limestone massifs (summer).
Sierra del Aramo, Central
Asturias

the last Quaternary coal period (Pérez-Alberti 1982; Pér-
ez-Alberti et al. 1992).

The Asturian-Cantabrian Range (Martin-Serrano 1994;
see Gutierrez Elorza 1994) constitutes a group of mountains
that connect at its western extreme with the Galaico-Leonese
Massif; its eastern extreme corresponds to the
Basque-Cantabrian Mountains (Fig. 3.3). The western half
of the unit is formed of slates with some intercalation of
quartzite (limestone towards the west), giving rise to an

Appalachian relief. In this way, the Sierras formed by hard
quartzite are arranged perpendicularly to the coast and par-
allel to one another (Bobia, Rafiadoiro, Cabra), separated by
long, deep valleys that developed on soft slates (Eo, Navia,
Narcea, Pigiiefia, Trubia). The central half presents a higher
lithological variety and Appalachian relief, where the pres-
ence of limestone, sandstone, and quartzite represent the
resistant elements (Solé-Sabaris and Llopis 1952). Finally,
the eastern part of the Asturian-Cantabrian Range is formed
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mainly by Limestone (Fig. 3.5) (Caliza de Montafia For-
mation), highlighting the Picos de Europa Mountains, where
the highest summit of the cordillera is found (Torre Cerredo,
2,650 m asl).

The cold periods of the Quaternary have retouched the
relief of the high mountains in this zone. Thus, in the highest
areas of the range, up to 900 m asl, there are residues of this
glacial morphology, such as cuvettes of overpasses with
lagoons or peats, cirques, crests, glacial valleys, moraines,
and powerful fluvial-glacial deposits. Moreover, abundant
periglacial and nival forms and deposits are found in abun-
dance with block fields, talus deposits, rock glaciers, etc. In
the main valleys, postglacial in mass movements can also be
found. Today the dynamic of the Picos de Europa can be
framed within the periglacial domain, thus the slopes lined
with accumulations of debris at the foot of the rocky es-
carpments are frequently seen. The calcareous nature of the
substrate, jointly with the elevated precipitation of the zone,
has favored the presence of superimposed karst landforms.

The easternmost extreme of the study area consists of a
physiographic unity that from the Bidasoa River to the
Asturian-Cantabrian Range includes part of the so-called
“Basque-Cantabrian Mountains” (Fig. 3.3). Within this
unity, Ugarte (1994; see Gutiérrez-Elorza 1994) differenti-
ated the Cantabrian subunit, an area occupied by the
hydrographical Cantabrian basins, to which the study zone
belongs. The Cantabrian subunit is characterized by the
presence of header reliefs with altitudes up to 1,500 m asl in
the eastern extreme, and 1,700 m in the western one. When
these reliefs basically consist of limestone, the cuestas, karst
landforms, and, in some summits and valleys, vestiges of the
glacial activity of the Quaternary (Aralar) are frequent.
Moreover, in the zones of higher altitudes with the presence
of nival processes, colluviums with blocks are also frequent.
When the predominant lithology consists of detrital rocks
(mainly lutites, sandstone and sandy limestone), the cover-
ings colluvial slopes are affected by gravitational processes.
The valleys have a marked “V” form, strong slope breaks
between the head and the rest, and little background fills in
the middle parts and the head. They are torrential courses.
The southern limit would correspond to the drainage divide
that separates the Cantabrian watershed from the hydro-
graphical basin of the Ebro River. Most of this divide rep-
resents a cuesta mainly generated in the Cretaceous
limestone that is more resistant to the erosion than the older
silic-clastics series. In this sector, the larger peaks of the
Basque-Cantabrian Mountains are found (Gorbea Aitzgorri,
etc.).

In this zone, the traces of the Quaternary glaciarism are
centered in the Aralar Range. The best traces are in the
Antziriko-Ordeka Hanging Valley or in the Arritzaga Valley.
In the same sector, the periglacial processes are more gen-
eralized, making it possible to cite névé moraines (e.g.,

59

Gorbea Peak), or the traces of a nivo-karst for the conjoint of
the mountains of the drainage divide. In areas of lower
altitude, although the outcrops are very scarce, it has only
generated regularized slopes (grezes litées, solifluidal debris
and talus deposits) (Gonzalez-Amuchastegui 2000).

The morphology of the zone between the ranges descri-
bed above and the coast varies within the study zone from
west to east (Fig. 3.3). In the western extreme of the study
zone, from the eastern Sierras of Galicia towards the Atlantic
Ocean, a succession of the following three grand morpho-
logical units can be defined in detail (Pagés and
Vidal-Romani 1998):

Tierras Llanas of Galicia. These are wide, flat areas with
an altitude between 500 and 600 m asl on average and in
which there are several Tertiary basins (Monforte, Maceda,
Xinzo) and important residues of the so-called “fundamental
surface,” an erosion surface developed during the Creta-
ceous; among them are the Surface of Chantada and the
Terra Cha (Flat Land) (Fig. 3.6). Characteristic of this zone
are fluvial valleys (Mifio and Sil Rivers) with their terrace
deposits.

The Central Sierras of Galicia or Dorsal Gallega. These
consist of a set of reliefs with altitudes of between 750 and
1,200 m asl, composed of residues of peneplanation surfaces
and residual reliefs that form the Fundamental Surface. The
Central Sierras, at N 20°E, act as a drainage divide between
the Mifio River and the rest of the Atlantic rivers. This relief
is outlined at its northern edge by the Fundamental Erosion
Surface (Martin-Serrano 1994; see Gutiérrez-Elorza 1994),
and it separates the zone of the interior depressions (Tierras
Llanas) from the littoral zone. These Sierras connect to the
north with the North-Occidental Sierras of Galicia, which
constitute the northern limit of the fosses and depressions of
central Galicia. Among these mountains, highlight the Sierra
do Xistral that extends towards the Cantabrian coast.

The Littoral Zone corresponds to the strip between the
Central Sierras and the Atlantic Ocean. The present relief of
this zone is mainly due to the action of its fluvial network,
with a direct relationship to the base level. It is a zone with a
stepped relief where the following residues of various pla-
nation surfaces (Pagés and Vidal-Romani 1998) correspond
to the lower altitude (180-50 m asl) of the littoral platforms
(the “rasas”).

In the central zone of the study area, the link of union of
the mountainous systems that form the Asturian-Cantabrian
Range and the coast is different, depending on the extreme
considered, in the west or in the east. In the western half, the
reliefs with south-north direction are dominant, with alti-
tudes descending gradually until they reach the littoral
platform. On the contrary, in the eastern half, there are
alignments parallel to the coast, with altitudes from 500 to
1,300 m that constitute the so-called “Pre-littoral Depres-
sion.” This depression, which has a mean width of 5-10 km,



60

T. Carballas et al.

Fig. 3.6 Lagoon of Cospeito in
the Terra Cha (flat land). Lugo,
Galicia. (Photo Serafin

J. Gonzélez Prieto, IIAG-CSIC)

Fig. 3.7 Dolina in the deep slope
of the Aitzgorri Range
(Cretaceous limestone). Basque
Country

is formed by Cretaceous and Tertiary rocks. Between this
depression and the littoral platform, there are the littoral
ranges with a west-east disposition formed by Mesozoic’s
materials, although in the easternmost part there are outcrops
of quartzite and limestone of the Palacozoic base.

In the eastern extreme of the study zone, to the north of
the mountain range formed by the Aralar, Aitzgorri
(Fig. 3.7), Urkiola and Salvada Sierras, there appear various
alignments in the form of an arc, of ranges parallel to the

coast and to one another, controlled by tectonic structures
that connect with the coast. The first alignments consist of
reliefs mainly formed of lutites, sandstone and limestone;
moreover, in some areas there are pillow-lavas and pyro-
clastic vulcanites. They are reliefs of altitudes between 500
and 1,000 m asl of loin-shaped morphology, although with
strong slopes and traversed by valleys that can present
alluvial fills. In zones with a predominance of calcareous
rocks, the processes of karstification (i.e., the Oma Valley;
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Fig. 3.8 Oma Valley; slope
developed on limestone and
colluvial covering. Basque
Country

Fig. 3.8) are common. This band is connected to the sea in
the central part of the sector, giving rise to abrupt cliffs,
beaches, or estuaries (marshes of the Oka River).

Towards the west (in Cantabria), pre-littoral Sierras
appear; their summits are located between 600 and 1,000 m
asl, and formed by calcareous rocks. Belonging to this
mountainous alignment are the Sierra del Escudo de
Cabuérniga, Sierras of Mozagro, Ibio, del Valle, Matanza
and Alisas, formed by clastic rocks (sandstone, conglomer-
ates and lutites) in some cases, and by limestone in others.
These Sierras connect with the coast, forming abrupt cliffs,
frequently carved on Cretaceous limestone in the western
extreme. In the easternmost part (Basque Country) there is a
series of reliefs of lithological constitution similar to that of
the band described above, although with a higher calcareous
dominance and therefore with a dominance of karstic mor-
phologies. They are very abrupt reliefs, although traversed
by wide valleys carved on marls and Iutites and with
important alluvial deposits. Already in the coastal zone close
to France, there appears a coastal range, the
Mendizorrotz-Jaizkibel Range, of Tertiary sandstones and
monoclinal structure, which constitute a cuesta, whose back
forms the coastal cliff.

Finally, forming part of the eastern limit of the study
zone, there are the Palaeozoic reliefs of the Cinco Villas
Massif dominated by the granitic Pefias de Aia Massif

(Fig. 3.9). The rocks of the area are mainly slate, greywackes
and arenites, although the original lithology of the area is the
granitoids, recognizing almost all the intermediate terms
between the gabbroic and granitic extremes. In general, this
area has very steep slopes (above 55 %), with convex shapes
(plan and profile curvature).

In the study zone, the coast comprise two sections: the
Atlantic Coast and the Cantabrian Coast.

The Atlantic littoral is characterized by the presence of
wide valleys called “rias” (similar to fjords), in most of the
mouths of the fluvial systems that form the drainage network
of the area between the Atlantic Ocean and the Central
Sierras of Galicia or Dorsal Gallega. The origin and evolu-
tion of these forms is a mainly erosive process associated
with the dynamic of the fluvial network over the Cenozoic
era in response to relative descents of the base level, and in
which the adaptation of the fluvial network to the network of
Tardi-Hercynian fracturing has played an important role
(Pagés 2000). After the last Maximum Glacial, already in the
Holocene, the elevation of the sea level implied the flooding
of the littoral zones, transforming the mouths of the rivers in
estuary-type rias and its slow sedimentary filling.

The Cantabrian coast is of a structural type, i.e., very
abrupt. The main estuaries and mouths of the rivers are
located only in those zones, with intense fracturing. An
important and characteristic geomorphological element of
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Fig. 3.9 Foreground slope
developed on Paleozoic slates.
Background: granite peaks of the
Pefias de Aia Massif (821 m asl).
Basque Country

the Cantabrian coast is the presence of platforms of marine
abrasion or rasas, which correspond to erosive surfaces
inclined towards the sea and limited inland by topographic
ridges. These forms present different geneses: marine, con-
tinental, and mixed erosion (Mary 1985).

3.3.2 Climate

3.3.2.1 General Climatic Aspects of the Spanish
Temperate Humid Zone

The general factor that determines the main climatic condi-
tions of the Iberian Cantabrian area is its position at
mid-latitude (42-43°N) on the western side of the European
continent, with prevailing west winds, corresponding to the
northern hemisphere’s circulation, and subject to cyclic
oscillations (Martinez-Cortizas and Pérez-Alberti 1999).

Fig. 3.10 Examples of monthly P (mm)
distribution of temperature and
precipitation in four selected 250
meteorological stations in the
Spanish Temperate Humid Zone. 200
Data from MAGRAMA (2013)
150
100
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Padron (Galicia)
42° 44 N; 08°38'W
58 m.
Coastal plain

Rozadio (Cantabria)
43°13'N; 04°23' W

Such conditions determine a high influence of temperate and
humid air masses from the Atlantic Ocean. The Atlantic
depressions, with their associated fronts, affect the Canta-
brian area especially during the spring, autumn and winter
months, when the polar front drops to low latitudes. In the
summer months, however, the polar front remains at higher
latitudes and a subtropical influence occurs persistently
(Felicisimo 1992).

In such conditions, moderate temperatures, and cool and
very rainy winters, and temperate and relatively dry sum-
mers, constitute the basic characteristics of the climate in the
Spanish Temperate Humid Zone (Fig. 3.10), in contrast to
most of the regions of the planet with similar latitudes. This
allows for a prolonged period of biological activity for
almost the entire year, except in areas of high altitude, and
particularly in the lowland coastal areas, where average
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winter temperatures are around 9—10 °C; moreover, annual
average temperatures reach 12—15 °C in most of the areas.
From an edaphic point of view, such temperatures and
abundant rainfall during all or most of the year clearly favor
the biochemical alteration of parent materials and leaching
processes in soils (Mufoz Taboadela 1965). Soil develop-
ment is therefore directly related to general high values of
drainage, in which case decarbonation processes and acidi-
fication are widespread (Guitian Ojea et al. 1985a).

Similar climatic conditions can be found outside Europe
only in relatively small geographic areas, in equivalent lat-
itudes such as the coastal lands on the western sides of North
and South America, and in Oceania. According to the
Koppen-Geiger classification, the Spanish Temperate Humid
Zone corresponds to “Cfb* (temperate without a dry season
and temperate summer) and “Csb” (temperate with dry and
temperate summer) climatic types (AEMET-IM 2011).

In this general context of considerable precipitation and
moderate temperatures, the complexity of the relief and a
wide range of altitudes (from sea level to above 2,000 m asl),
involve significant climatic variations along the study zone.
Moreover, the relative position of the various regions from
the west coast of the Iberian Peninsula towards the bottom of
the Bay of Biscay is determinant in the general distribution
of the precipitation, and especially in summer, so that it
generally increases from west to east across the Cantabrian
area. The reason for this difference in the amount of summer
rainfall lies in the distribution of the sea surface temperatures
along the coast: in cold months, the sea surface temperature
is relatively uniform, while in the summer a significant

heating of the surface waters takes place in the Bay of
Biscay; the thermal gradient generated reaches 2-3 °C
between the Galician and the Basque coasts, activating the
transfer of heat and humidity from the sea surface to the
lower layers of the atmosphere (Felicisimo 1992). Under
these conditions, a general feature in the Cantabrian area is
the existence of a period, of variable duration, in which the
potential evapotranspiration (ETP) exceeds the precipitation
(P). Such a period coincides with one or more of the summer
months, creating a potential lack of moisture in the soils,
variable as a function of the soil properties.

3.3.2.2 Temperature, Precipitation, Drainage,
and Moisture Deficit in the Spanish
Temperate Humid Zone
Figures 3.11, 3.12, 3.13 and 3.14 summarize the precipita-
tion and temperature data, with greater relevance from the
viewpoint of the soils, taken from 54 significant weather
stations (MAGRAMA 2013) for the whole Spanish Tem-
perate Humid Zone, approximately between 1971 and 2003.
In order to facilitate the interpretation of the data, the stations
have been grouped according to physiographic and altitude
criteria:

Coastal areas (<100 m asl; Fig. 3.11)

Valleys and plains in lowlands (100400 m asl;
Fig. 3.12)

Inland valleys and mid-mountain slopes (400—800 m asl;
Fig. 3.13) and

Mountainous areas (>800 m asl; Fig. 3.14).
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Fig. 3.11 Data from the coastal areas (altitudes below 100 m). Text
boxes include: name of the station; altitude (m asl); average annual
temperature °C (black characters); average annual drainage (blue

characters); and average summer moisture deficit (values < 0, red
characters). Base map: Instituto Geografico Nacional. IGN. Madrid,
Spain
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Fig. 3.12 Summarized temperature, drainage and moisture deficit data  characters); average annual drainage (blue characters); and average
from meteorological stations in lowlands. Text boxes include: name of  summer moisture deficit (values < 0, red characters). Base map:
the station; altitude (m. asl); average annual temperature °C (black Instituto Geografico Nacional. IGN, Madrid, Spain
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Fig. 3.13 Summarized temperature, infiltration and moisture deficit temperature °C (black characters); average annual drainage (blue
data from meteorological stations in inland valleys and slopes. Text characters); and average summer moisture deficit (values < 0, red
boxes include: name of the station, altitude (m asl); average annual characters). Base map: Instituto Geografico Nacional. IGN, Spain

The basic data indicated for each station include a sim- (sum of differences between evapotranspiration and precip-
plified name of the station, the altitude (m asl), the average itation, values < 0, in red-).
annual temperature, the average annual drainage (sum of Figure 3.11 includes data from coastal areas (altitudes
monthly differences between precipitation and evapotrans- below 100 m), and shows high average annual temperatures
piration, in blue), and the average summer moisture deficit (13-15 °C) and temperate winters, with no relevant
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Fig. 3.14 Summarized temperature, drainage and moisture deficit data
from meteorological stations in mountains. Text boxes include: name of
station; altitude (m asl); average annual temperature °C (black

differences in the whole area. The drainage reaches a max-
imum in southwest Galicia, associated with very rainy
winters (around 600 mm in the December-February period),
but it is significantly lower in the north-central coast and
clearly increases in coastal areas in the east end of the
Basque coast.

As a result of low summer precipitation on the Atlantic
coast of Galicia (110-150 mm of rain in the June-August
period), the potential deficit of moisture during the summer
reaches a maximum in the context of the coastal and lowland
areas of the Spanish Humid Zone. Such deficit decreases
towards the East, through the lowlands of northern Galicia,
Asturias, Cantabria and west of the Basque Country, and is
reduced to a minimum in the coastal areas of the eastern
Basque Country as a result of a great deal of summer pre-
cipitation (almost 300 mm). Similarly, the number of months
when ETP exceeds P decreases from 4 months in the western
and central parts of the region to 2 months in the eastern part.

Figure 3.12 provides information from stations in low-
lands, including valleys, plains, and slopes approximately
between 100 and 400 m in altitude. The temperatures show a
similar behavior to that of the coastal areas, without signif-
icant disruption of the biological activity in winter (average
temperatures of 7-9 °C in the December—February period).

A range of mountains a few kilometres inland constitutes
a first barrier to the humid Atlantic winds and produces a
clear increase in rainfall in relation to strictly coastal areas,
especially significant both in Galicia and the eastern end of
the Basque Country. In the case of the Galician coast, the
link between the coastal plains and the mountains takes

characters); average annual drainage (blue characters); and average
summer moisture deficit (values < 0, red characters). Base map:
Instituto Geografico Nacional. IGN, Spain

place through strong slopes that generate rapid temperature
and rainfall gradients (Martinez-Cortizas and Pérez-Alberti
1999). Some stations representative of the first orographic
barriers facing the Atlantic Ocean in Galicia show particu-
larly high winter rainfall (Castrelo: 920 mm in the Decem-
ber-February period).

In the summer, the overall decline in rainfall is partially
mitigated by the presence of these reliefs (Castrelo, 220 mm
in the June-August period); however, a potential moisture
deficit develops throughout the region in that period as a
result of high evapotranspiration.

A clear decrease in rainfall is noticeable in the Central
Cantabrian area (Rozadio, 1126 mm yr_l), in which the
Cantabrian Mountains are a barrier to the very humid
southwesterly winds. On the other hand, only in a few
lowland valleys in the eastern Cantabrian area does the
precipitation exceed the evapotranspiration all year round, as
a result of particularly abundant summer rainfall: Afarbe
(360 mm rainfall in the June—August period), and especially
Artikutza (400 mm in the same period).

Figure 3.13 shows data from stations corresponding to
mid-altitudes between 400 and 800 m, where the influence
of the topography is reflected both by a marked increase in
rainfall in the areas most exposed to the humid Atlantic air
masses, and by the opposite rainshadow effect in the areas
downwind from such air masses.

Several meteorological stations in Galicia clearly show
the contrast between the heavy rainfall in the coastal ele-
vations (Monte Iroite in Barbanza: annual precipitation
2347 mm yr ') and in high valleys that open to the ocean
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(Presaras, 1557 mm yrfl), versus inland depressions (Limia,
Maceda, Veiga or Lugo, 900-1100 mm yr '), while pre-
cipitation increases rapidly again in the inland ranges (Ro-
dicio, 1771 mm yr"). In parallel to the decrease in rainfall
towards inland depressions (Limia, Monforte, Terra Chd), a
remarkable general decrease in the SOM content of the soils
can be detected (Guitidn Ojea and Carballas 1982). The
rainfall gradient with respect to altitude varies greatly,
depending on the topographic conditions; in the case of
Asturias, this gradient is estimated at about 100 L.m "> for an
increase of 100 m in altitude (Felicisimo 1992).

The orientation of the inland valleys is likewise a crucial
factor in the amount of precipitation and, therefore, in the
potential water drainage and moisture deficit; thus, valleys
facing east or north (Valles de Tablado, Lena, Pesquera,
Izarra) generally receive less rainfall (950—-1200 mm yr ')
than those facing west or northwest (Bezanes: 1521 mm yr~';
Aranzazu: 1580 mm yr~') at similar altitudes.

At these altitudes of 400-800 m, the average annual
temperatures decreases 2—4 °C compared to those of the
lowlands, with a cool winter period (5-7 °C
December-February), which implies a variable but generally
short period of limiting biological activity. Average summer
temperatures generally exceed 16-17 °C.

Figure 3.14 includes data from stations in the mountain-
ous areas of the Spanish Temperate Humid Zone (Eastern
Galicia and Cantabrian Mountains, west end of the Pyre-
nees) above 800 m altitude. The north-facing slopes of the
Cantabrian Mountains broadly define the study zone. In this
range, the presence of a long period of low temperatures,
implying a clear decline of biological activity in the soils,
could be considered to be the most relevant climatic feature
in relation to soil formation. Winter temperatures are limit-
ing for biological activity, especially above 1,000 m, with 3—
5 months of average temperatures below 5 °C; furthermore,
cool summers are remarkable, with only 4 months of average
temperatures higher than 10 °C.

Relief complexity is determining for the irregular distri-
bution of precipitation. In the main ranges in southeast Ga-
licia, rainfall generally exceeds 2000 mm yr ' (Manzaneda,
2308 mm yr '), as a result of a rapid and forced ascent of
very moist air masses from the southwest. Other stations in
the Western Cantabrian Mountains, at a similar altitude, get
around 2000 mm yr ' (Degaiia), but usually the highlands in
the Cantabrian Mountains, with a minor influence of the
wettest Atlantic air masses, show significantly lower values
(1200-1400 mm yr '), accordingly to data from the avail-
able stations, as a result of the distance to the ocean, ori-
entation, or rain shadow effect. However, there is little data
available from high mountain stations, which are absent
from altitudes above 1,600 m asl.

T. Carballas et al.

In the climatic context described above, and according to
the definitions in Soil Taxonomy (Soil Survey Staff 2010),
different soil temperature and moisture regimes are
established:

(1) Mesic soil temperature regime is generally defined in the
Spanish Humid Zone, from soils in coastal areas (bor-
dering the thermic regime, especially on the Galician and
Basque coasts), to inland valleys, plains and slopes at
altitudes below 1,300-1,400 m asl, from which a cryic
soil temperature regime should be considered dominant.
Udic soil moisture regime is generally defined as char-
acteristic of the Spanish Humid Zone; however, coastal
areas and the extensive inland territories of Galicia and
the western and central parts of Asturias, as a result of a
significant water deficit in the summer period, are char-
acterized by an ustic moisture regime (Lazaro et al.
1978).

2

3.3.3 Vegetation and Land Use

3.3.3.1 Climax Vegetation in the Spanish
Temperate Humid Zone
There is no doubt that for the entire Spanish Temperate
Humid Zone, the climax vegetation is the deciduous Quer-
cus forest, both in acid and basic soils; nevertheless, taking
into account that the vegetation greatly depends on climate,
geological materials, geomorphology, and topography, the
vegetation that covers the wide Spanish Temperate Humid
Zone shows variations that depend on these factors.
Pedunculate-oak and common-beech forests are the most
widely spread climax vegetation, as represented in Fig. 3.15.
Oak forests, dominated by Quercus robur L., are widespread
in coastal areas and lowlands, either on acid soils (Galicia
and western half of Asturias) or on mostly neutral or basic
substrates (eastern half of Asturias, Cantabria and the Bas-
que Country), as well as in the mid-mountain areas of Ga-
licia. Pyrenean-oak (Quercus pyrenaica Willd) forests
represent the transitional climax vegetation between the
Atlantic and Mediterranean mountainous areas over acid
soils. Common-beech forests (with Fagus sylvatica L.)
represent the main potential formations in Cantabrian and
the Basque Country Mountains, normally at altitudes over
800 m and mostly on neutral or basic soils. Birch forests
(with Betula sp.) occupy mid-mountain slopes in acid soils.
Alpine shrubs and grasslands represent the potential vege-
tation in the highest mountain levels. Several limestone
massifs, in coastal areas, and in dry and mild inland valleys,
host evergreen Atlantic holm-oak forest (with Quercus
ilex L.).
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Fig. 3.15 Main climax vegetation formations in the Spanish Temperate Humid Zone. Synthesized and modified from Rivas-Martinez (1987),
Spanish Potential Vegetation Map 1:400,000 scale. Base map: Instituto Geografico Nacional. IGN, Spain

The Spanish Temperate Humid Zone is included in the
Eurosiberian Region within the Holarctic or Boreal King-
dom, and roughly coincides with the Atlantic Biogeo-
graphical Region, as defined by the European Environment
Agency (Www.eea.europa.eu).

3.3.3.2 Actual Vegetation in the Spanish
Temperate Humid Zone: Natural Forest
Formations

In the entire territory, climax forests have virtually disap-
peared as a result of deforestation for agricultural, livestock
and forestry uses, and because of forest fires. Its structure
and floristic composition have been deduced from sparse
fragmented forests; therefore, there is incomplete knowledge
about climax vegetation (Blanco et al. 2005). Thus, except in
Galicia, where oak patches are specifically maintained in
thalweg ecosystems where there is usually enough humidity
and deep soils, the forest stands are comparable to climax
vegetation only in rocky soils, great slopes and/or soils with
high acidity or other physicochemical limitations, showing,
in any case, different stages of degradation. On the other
hand, in Galicia, seedlings and small trees of Quercus
sp. appear in almost all pine and eucalyptus forests and
scrubs, which indicate the presence of oak forests in these
areas in the past (Carballas 2003). As the evolution of the
vegetation has followed different directions over time in the
zone under study, it is necessary to indicate what the situa-
tion is nowadays in each area.

Regarding Galicia, due to its geographical location in an
intermediate floristic zone between the Atlantic provinces of
the Eurosiberian region and the Carpeto-Iberian-Leonés

Provinces of the Mediterranean region, it is a country of
mixtures—as a result of climate contrasts (see previous
chapter). Thus, the Mediterranean character of the climate
and the acidity of the soils have a decisive influence on its
vegetation (Fraga Vila and Reinoso Franco 1982).

Galicia has a clear forest vocation because according to
the Galician Forest Plan (Xunta de Galicia 1992), two-thirds
of its surface is covered by forest ecosystems (60 % of this
surface by forests and 40 % by scrubs). This plan also sig-
nals the three main masses of forests, formed by 40 % of
conifers, mainly Pinus pinaster (75 %), P. sylvestris and
P. radiata; approximately 20 % of deciduous plants, spe-
cially oak forests (Quercus robur, Q. pyrenaica); and 40 %
by a mixture of Eucalyptus sp., and other pine and oak
species.

Oak forests (Fig. 3.16) on acid substrates that represent
the climax vegetation in the western part of the study area,
are mainly composed in the arboreal stratum by pedunculate
oak (Quercus robur), chestnut (Castanea sativa), hazelnut
tree (Corylus avellana) and holly tree (Ilex aquifolium). In
the undergrowth, Rubus sp., Lonicera periclymenun, gorses
(Ulex europaeus, U. nanus and U. gallii) and brooms (Cy-
tisus = Sarothamnus scoparius, Genista florida) form the
shrub stratum; the herbaceous stratum includes Euphorbia
amigdaloides, Asphodelus albus, Anthoxantum odoratum,
Simethis bicolor, Potentilla erecta, or ferns such as Polys-
thichum filix-mas, Pteridium aquilinum and Polypodium
vulgare; and the muscinal stratum, with a remarkable
importance in the initial soil development, includes Pseu-
doscleropodium purum, Thuidium tamariscinum, Hypnum
cupressiforme, Rhytidiadelphus loreus, Polytrichastrum
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Fig. 3.16 Oak forest (climax
vegetation). Sierra do Caurel,
Lugo, Galicia (Photo Serafin
J. Gonzalez Prieto, IIAG-CSIC)

Fig. 3.17 Cantabrian holm-oak
forest in a limestone massif.
Maiiaria, Vizcaya, Basque
Country

formosum and Diplophyllum albicans (Fraga Vila and
Reinoso Franco 1982; Carballas 2003).

Generally, mountainous oak forests in a colder conti-
nental climate show a variant characterized by enrichment in
species like birch (Betula verrucosa), holly tree (Illex aqui-
folium) or rowan trees (Sorbus aucuparia) and bilberries
(Vaccinium myrtillus). Moreover, oak forests in low valleys
and coastal areas incorporate thermophyllous elements such
as Laurus nobilis, Rhamnus alaternus, Ruscus aculeatus or
Hedera helix (Blanco et al. 2005).

In Galicia, in the valleys of the Sor and Eo Rivers (Orense
and southeast of Lugo Provinces), and in the southwest of
the Asturias valleys (Navia and Narcea Rivers’ basins), the
remaining forests are dominated by Quercus pyrenaica,
showing a transition to Mediterranean forests, predominant
in the southern foothills of the Cantabrian Mountains. In
southwest Galicia, Quercus ilex is abundant in these forests,
with frequent patches of cork trees (Quercus suber 1.),
extending by the Mifio River Valley and the northwest of the
Province of Orense, where strawberry trees (Arbutus unedo)
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Fig. 3.18 Chestnut forest. Viana
do Bolo, Orense, Galicia (Photo
Serafin J. Gonzalez Prieto,
ITIAG-CSIC)

can frequently be seen (Guitian Ojea and Carballas 1982;
Guitian Ojea et al. 1982b, 1985a, b).

On limestone or calcareous mountains, with the limits
strictly marked by the presence of these rocks, and in rela-
tively dry and temperate areas are remarkable the dense
formations of evergreen holm oaks in the inland valley of
Cruzul and the Caurel Mountains (Province of Lugo, Gali-
cia), the eastern coast of Asturias, the Cantabrian coastal
areas and inland valleys, and the Basque Country coast
(Fig. 3.17), where Q. ilex and the Amelanchier ovalis,
Crataegus monogyna, Lonicera etrusca, Lonicera xyloste-
um, Prunus spinosa, Rosa arvensis or Viburnum lantana
species are common (Guitian Ojea et al. 1982b, 1985a, b;
Loidi et al. 2011).

Patches of chestnut trees are found everywhere in Galicia
(Fig. 3.18). Although chestnut forests do not have a natural
origin but perhaps an anthropogenic one through the culti-
vation or degradation of other forests, these forests are
almost in climax stage, occupying the main sub-continental
climate areas, particularly in some slopes of the Orense
Province, in the abrupt slopes of Belesar, on soils on granite,
and in the Mifio River Valley, towards Chantada (Lugo
Province) (Fraga Vila and Reinoso Franco 1982; Guitian
Ojea and Carballas 1982; Guitian Ojea et al. 1982b).

Common beech (Fagus sylvatica) forests are widely
represented in the Cantabrian Mountains, both on acid or
basic substrates, especially in eastern Asturias, Cantabria
and the Basque Country, being very scarce below 300-
400 m. Beech distribution is closely related to summer water
deficit in the temperate humid soils, so that towards the
eastern Cantabrian beech area, it becomes more extended
and its presence decreases in altitude. Its western boundary

is located in the Galician mountainous areas of the northeast
of Lugo and eastern Orense: Ancares, O Caurel, Queixa and
Invernadeiro (Guitidn Ojea and Carballas 1982; Guitian Ojea
et al. 1982b, 1985a, b).

In Cantabria, above 1,500 m, the forest is degraded and
replaced by a scrub of juniper and heath (Juniperus com-
munis, Calluna vulgaris, Erica vagans) and then to alpine
prairies composed of Carex sempervirens or Festuca eskia
and alpine clover species of greater nutritive value. Finally,
on the cliffs of the high summits, there are skeletal soils that
scarcely sustain a rachitic vegetation of ferns, mosses and
lichens, without any economical or edaphic value.

Oak forests in the eastern part of the Spanish Temperate
Humid Zone (eastern Asturias, Cantabria, Basque Country)
are commonly linked to neutral or basic substrates, and they
are considered to be eutrophic or mesotrophic oak forests.
Because of the high fertility of the soils associated with these
forests, the original area is almost completely used for agri-
culture and livestock. Thus, current representations are scarce
and strongly altered; however, most of the tree species con-
sidered in the potential vegetation, such as common ash
(Fraxinus excelsior), maples (Acer pseudoplatanus, A. plat-
anoides), and wild cherries (Prunus avium) are now present,
with sessile oak (Quercus petraea) being more frequent in the
highest areas, or Q. pyrenaica and Q. pubescens in transition
with Mediterranean areas (Loidi et al. 2011). The eutrophic
conditions of the soils and the mild climate favor a rapid
mineralization of the organic matter (Blanco et al. 2005).

Oak, chestnut and beech, and deciduous natural forests in
general (Fig. 3.19), produce residues that are easy to humify,
and so the quality of the soil organic matter is excellent. In
the western areas covered by heath, the tendency is to give
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Fig. 3.19 Mixed deciduous
woodlands. Quir6s, Central
Asturias

Fig. 3.20 High-mountain scrub.
San Isidro, Cantabrian Cordillera.
South-Central Asturias

dystrophic humus, with a high C/N ratio (higher than 20).
The leaves of the oak facilitate the humification and, as a
result, the soils of the oak forest used to be deep, with an A
horizon from a few centimeters to —50 cm depth.

The shrub formations, to whose expansion numerous
circumstances connected to human intervention have con-
tributed, represent, in general, different degradation stages

of the forest formations described above (Fig. 3.20). Usu-
ally they develop on acid soils that are poor in nutrients
and frequently of small thickness, and they are very tol-
erant to different physical conditions, even periods of
accused dryness, although they need a certain degree of
humidity that they can acquire even from fog and mist in
the area.



3 Soils of the Temperate Humid Zone

71

Fig. 3.21 Gorse scrubs (Ulex
sp.) and pine forest. Spanish
Temperate Humid Zone

Among the numerous types of scrubs abounding in Ga-
licia, the western part of Asturias and the central and east
Cantabrian areas, with acid soils associated with lithologies
of quartzites, sandstone or lutites, the gorse scrubs stand out
(Fig. 3.21); the surface covered by Ulex europaeus, U. gallii
or U. minor predominate, although the presence of other
plants, mainly Erica sp., Daboecia cantabrica, Calluna
vulgaris and Pteridium aquilinum (Mufioz Taboadela et al.
1966; Guitian Ojea and Carballas 1982; Guitian Ojea et al.
1982b, 1985a, b, 1986) is also important. They are, without
a doubt, the scrubs that are more subjected to human inter-
vention, mainly because of the value of the leguminous
species for the soil, and also due to frequent fires.

The heaths, where Erica sp. predominate, are also of
various types (Figs. 3.22 and 3.23). Those of Erica umbel-
lata, E. tetralix, E. arborea. E. australis, Pterospartum tri-
dentatum and Calluna vulgaris, among others, are associated
with shallow and rich in organic matter soils, frequently
coarse-textured and arid in summer. With increasing alti-
tude, however, the amount of pastures increases because of
the higher humidity, giving rise to sub-alpine pastures on flat
summits that are used by the livestock in the dry season.

In the area under study, also represented are scrubs of
brooms, formed by Cytisus sp., of high height; and scrub of
clumps, mainly with Cistus ladanifer, C. salviifolius and C.
hirsutus that developed only in the areas with Mediterranean
climate, in the basins of the Sil, Bibei and Casallo Rivers,
and in the Larouco range, in the limit between the Lugo and
Orense Provinces (Fraga Vila and Reinoso Franco 1982;
Guitian Ojea and Carballas 1982; Guitian Ojea et al. 1982b).

3.3.3.3 Actual Vegetation in the Spanish
Temperate Humid Zone: Singular
Formations on Hydromorphic, Sandy
or Saline Soils

Riparian formations, both on acidic or basic soils, include
species as alder (Alnus glutinosa), ash tree (Fraxinus
excelsior), and willows (Salix atrocinerea, S. triandra, S.
salviifolia), as well as a rich herbaceous stratum with ferns as
Blechnum spicant, Athyrium (filix-femina and Osmunda
regalis (Fig. 3.24). Such species are characteristic of fluvial
shores, creeks, pools, small lagoon areas and hygrophilous
areas and peat lands, where the common ecological condi-
tion is the continuous flooding of the plant roots (Fraga Vila
and Reinoso Franco 1982). With increasing altitude, some
tree species become more common, as birch (Betula sp.),
cantabrian willow (Salix cantabrica), wych elm (Ulmus
glabra) or aspen (Populus tremula) (Blanco et al. 2005).
The hygrophilous formations locally called “brasias” in
Galicia, formed by the retention of waters in smooth
depressions, and that cannot be considered peats due to its
different origin, are frequently found in low extensions dis-
persed throughout the entire Galician territory, the Brafias de
Brins (Figueiras, Santiago), Gandaras de Boedo (Guitiriz) or
the Budifio (Porrifio) and many others being the most
remarkable; apart from the Sphagnum that grows there, in
these semi-submerged scrubs, Potamogeton polygonifolius,
Ranunculus hololeucus, R. lenormandi, Parnesia palustres,
and insectivores such as Drosera intermedia and D. rotun-
difolia are frequently found. In the next terrain separated
from the submerged area, the hydrophilic scrub initiates with
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Fig. 3.22 Heath scrub (Erica
sp., Calluna vulgaris). Pena
Trevinca, Orense, Galicia (Photo
Serafin J. Gonzalez Prieto,
ITAG-CSIC)

Fig. 3.23 Fern and heather
formations in quartzite-slate
massifs. Narcea valley, western
Asturias

heaths as Erica tetralix, E. ciliaris and Calluna vulgaris,
gorses as U. europaeus, U. nanus and U. gallii, and Genista
angelica, Lotus corniculatus, Potentilla erecta, and rubs as
Juncus sylvaticus (Mufioz Taboadela et al. 1966; Fraga Vila
and Reinoso Franco 1982; Guitidn Ojea and Carballas
1982). These formations, together with the real peats, reach
their greatest size in mid-mountainous areas of Galicia, with
the typologies of blanket bogs, fens or raised bogs
(Martinez-Cortizas and Garcia-Rodeja 2001). In Asturias
(Cudillero, Borbolla, Cué), Cantabria (Liébana), and the

Basque Country (Ordunte, Gorbeia), there are small peat
areas of diverse origin (Aseginolaza et al. 1988) where
Eriophorum sp. and Carex sp. are frequently found; partic-
ularly in the Basque Country, peatlands are very rare and
appear over 700 m asl on flat hilltops. Mosses, mainly
Sphagnum sp., represent an important part of the biomass of
these formations.

Sandy areas in dune formations show an arenicolous
halophyte vegetation type, represented by marine grass
(Agropyrum junceum) and beach grass (Ammophila
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Fig. 3.24 Riparian formation.
Limia River shore, Orense,
Galicia (Photo Serafin

J. Gonzalez Prieto, IIAG-CSIC)

arenaria), which are developed jointly with Cakile mariti-
ma, Salsola kali, Honckenya peploides and other species.
Differences in sand movements and direct sea influence,
saline spray, soil salinity, organic matter and nutrients, cal-
cium carbonate content and pH, determine the distribution of
the species in the dunes.

Extended dunes are present on the Galician coast, with
Agropyrum junceiforme, together with Euphorbia paralias,
E. portlandica, E. peplis, Eryngium maritimum, Cakile
maritima or Convolvulus soldanella in the base, whereas
their summits are dominated by Ammophila arenaria,

Fig. 3.25 General view of tidal
wetlands. Marsh in the estuary of
the Mandeo River, Betanzos, A
Coruna, Galicia (Photo Ana
Cabaneiro Albaladejo,
ITAG-CSIC)

besides Pancratium maritimum and Medicago maritima. As
they are mobile dunes, the areas of vegetation can easily
change. In the secondary dunes or dead dunes that are
formed by fine sands fixed by the vegetation, there are
mosses and lichens—mainly Tortula ruraliformis, Polystri-
chum poliferum and Cladonia foliacea. Most species are
annual, with halophyte and nitratophyte characteristics as a
result of local large amounts of nitrates due to the decom-
position of detritus (Fraga Vila and Reinoso Franco 1982).
Cantabria has the largest dune field of the Cantabrian coast
(Liencres). Atriplex prostrata, Cakile maritima, Euphorbia
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peplis, E. paralias, Honckenya peploides, Calystegia
soldanella, Eryngium maritimum, or Salsola kali are char-
acteristic of dunes in the Basque Country (Loidi et al. 2011).

On the cliffs, which are subject to a constant abrasive and
desiccant action, there are halophyte associations that are
influenced by the nature of the rock; the vegetal cover, such
as maritime fennel and plantago, covers wide surfaces of the
soil. Crishmum maritimum, Armeria pubigera, and Armeria
maritima, are abundant (Fraga Vila and Reinoso Franco
1982). All these plants, with their deep roots, penetrate the
rocks and produce their disaggregation.

Tidal wetlands, such as salt marshes and estuaries, are
frequently found in the coastal areas of the Spanish Tem-
perate Humid Zone (Fig. 3.25). Tidal and alluvial dynamics
determine soil texture and salinity as the main factors
affecting flora and vegetation. On the Atlantic coast of Ga-
licia, in the estuaries locally known as “rias,” where the
fresh water is widely mixed with the salty water, the vege-
tation is mainly composed of Juncus maritimus, Agrostis
solonifera, Statice limonium and Plantago maritima (Fraga
Vila and Reinoso Franco 1982). In these marshes, two
important formations of sedimentary origin (Fluvisols),
influenced by the tides, can be differentiated: the Sapropel
soils (Kubiena 1952; Cabaneiro Albaladejo 1979), located in
the intertidal zone and therefore submerged in the sea and
merging only in the low tides, and the Marsh soils (Kubiena
1952), where the tides arrive only sporadically and in vari-
ous degrees of terrification. The same formations can be
observed in Cantabria (marshes of San Vicente de la Bar-
quera; bays of Santander and Santofia) (Mufioz Taboadela
et al. 1966; Guitian Ojea et al. 1982b, 1985a, 1986).

3.3.3.4 Land Use: Some Aspects of Agricultural,
Livestock and Forest Uses in the Spanish
Temperate Humid Zone
The anthropogenic action shows its activity with variable
intensity. As was mentioned above, the most fertile soils in
the entire humid zone have been dedicated to general agri-
cultural use, predominantly the use of areas of smooth
topography, such as valleys, fluvial meadows, and flat sur-
faces. Climatic and topographic factors determine that the
intensity of the anthropogenic action generally decreases
from the coastal areas towards inland, with increasing slope
and altitude, and imply the relatively low percentage of the
surface for agricultural use, compared to other regions of the
Iberian Peninsula. As a whole, natural vegetation formations
of the Iberian Peninsula have experienced a remarkable
development in recent decades, as observed through suc-
cessive forest inventories (MAGRAMA 2011).

In Galicia, the surface dedicated to agriculture represents
only 25 % of the total surface. Although in the past, in all
small villages farmers cultivated horticultural plants, cereals
and potatoes on small plots for their own consumption, the
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abandonment of rural farms has completely changed these
habits. Nowadays the farming economy focuses on the
production of milk and its derivatives, mainly cheese, good
veal and pork, and cultures of particular value. Therefore,
the agricultural production is based on a number of species
that extend its culture over most parts of the country, mainly
cereals: maize (Zea mays), graminaea from South America
that was introduced in Galicia in 1604 and occupies most of
the extension, using mainly hybrid seeds; rye (Secale cere-
ale) in less extension and in regression; and wheat (Triticum
aestivum) in minor extension but increasing; and herbaceous
plants: potatoes (Solanum tuberosum), the most divulged
cultivation because it is cultivated everywhere although it
does not occupy the highest surface; and oats (Avena sativa,
A. strigosa). Other cultures are Brassica napus and its
reputed varieties for consumption, locally called “grelos,”
Lolium multiflorum, Trifolium incarnatum and other legu-
minous plants for forage. All these plants are well adapted to
the Atlantic climate and the acid soils (Lloveras Vilamanya
and Alonso Rosano 1982).

The viticulture in Galicia goes back to the Roman period.
The vine (Vitis vinifera) culture is localized in areas of low
altitude, depressions, or riversides of the rivers, in the
southern area of the Lugo and Orense Provinces, where the
influence of the Mediterranean climate permits this culture
even in the very high slopes of the fluvial shores of the
Mifio, Sil and Bivei Rivers, protected from the dominant
winds; therefore, the winter temperatures are smooth, and in
summer the heat is more intense than in the elevated zones,
thus obtaining a higher thermic integral, necessary for the
maturation of the grapes. The human action has built narrow
terraces in a series of gradins, taking advantage of the
underlying rocks, granite and schist, transforming the initial
Ranker soils (Kubiena 1952) into a deeply anthropogenic
soil without differentiation of horizons, due to the tenacious
and frequent works carried out on them, thus eliminating any
vegetation other than the vine (Fig. 3.26). The vineyards
occupy a large extension (more than 32,000 ha) spread over
the four provinces, in Betanzos; Valdeorras; Valleys of
Quiroga, O Rosal and Verin; the riversides of the Bivey,
Mifio, Sil, Avia (Ribeiro) and Ulla Rivers; Condado de
Salvatierra, and O Salnés, each zone almost giving rise to a
variety of wines (Muifioz Taboadela et al. 1966; Guitian Ojea
and Carballas 1982; Guitian Ojea et al. 1982b, 1986;
Lloveras Vilamanya and Alonso Rosano 1982).

In Asturias, 37 % of the total regional surface is intended
for permanent pastureland, compared to 32 % of wooded
forest use, while only 2 % of the area consists of croplands
(Gobierno de Asturias 2008). On calcareous soils, there are
generally prairies in the valleys and subalpine pastures in the
high areas. The wide extension of the prairies in Asturias was
determined by four main factors: (1) humid climate regime all
year round, without summer dryness; (2) soils with a great
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Fig. 3.26 Vineyards in terraces. Riverside of the Mino River.
Lugo-Orense, Galicia (Photo Rogelio Pérez Moreira, USC)

capacity of water retention, mainly Luvisols (Terra Fusca,
Kubiena 1952); (3) anthropogenic factors derived from the
scarcity of agricultural manpower, displaced in favor of the
industries; and 4) the presence of natural subalpine pastures,
whose livestock exploitation is unique, possibly due to its
climatic conditions (Guitian Ojea et al. 1985b).

In Cantabria, human activities have imposed great mod-
ifications in the distribution of the vegetation. Thus, the
coastal area has very poor natural vegetation, because this
zone constitute the center of the agricultural activity; even
so, there are some typical ecological domains directly related
to the climax of the region. After this is another, much more
extended and complex area that arrives to 500 m in altitude,
a zone that is the most “humanized” in the Province of
Santander and therefore presents a landscape with the less
natural vegetation. However, where deforestation provoked
the degradation of natural forest and its substitution by
gorses and heather, today very abundant, the planting of
Australian eucalyptus and Monterrey pine have been suc-
cessively introduced; they are now the most widespread
vegetation in the Cantabrian littoral zone. Finally, the

semi-natural prairies appear, but when they are badly man-
aged, they degenerate and the scrub of heath and furze
occupy the area. The oak forest used to subsist associate
with the prairies (Guitian Ojea et al. 1985a).

In the Basque Country, forests and forest plantations
occupy almost 60 % of the land, while grassland is spread
over another 30 %. Data from 2007 (EUSTAT) for Gui-
puzcoa and Vizcaya, territories fully included in the humid
zone, indicated that only 2 % of the surface is for crops, and
25 % is designated for pasturelands, compared to 31 % for
forestry use.

Eucalyptus globulus plantations are widespread in the
temperate humid zone; specifically, the expansion of Euca-
Iyptus sp. has been considered spectacular despite the
increase in timber harvesting of that species (MAGRAMA
2011). Eucalyptus globulus is the most extensive forest
cultivation in coastal and lowland areas from Galicia (Lugo
and A Coruiia, and in most parts of the Pontevedra Province)
to the Basque Country. In eucalyptus cultivations, the
undergrowth is a very poor scrub with few species, favoring
erosive processes mainly due to the rain; this impoverish-
ment of species is attributed to some essences, rich in
terpenes, with antiseptic action that contributes to soil ster-
ilization and the diminution of microbial activity, with the
consequent decrease of soil organic matter (Lloveras Vila-
manya and Alonso Rosano 1982).

Plantations of Pinus pinaster in Galicia occupy diverse
extensions and a band along the coast from the north to the
south, growing on both poor and good filtration soils on acid
rocks, looking for the climatic regime of the Atlantic coast,
i.e., temperate and rainy. In the same way, Pinus radiata is
much in use on the coast, alone or mixed with P. pinaster,
and less used in inland surfaces (Sénchez Rodriguez et al.
2002; Gonzalez Prieto and Villar 2003). Forests of Pinus
sylvestris are mainly observed in Galicia, in the high areas of
the Provinces of Lugo and Orense (Lloveras Vilamanyé and
Alonso Rosano 1982), being scarcely present in Asturias.

In the Basque Country, some plantations with P. pinaster,
substituted for P. radiata, can be observed on shallow, stony,
and acid soils; other species, such as Pseudotsuga menziesii
or Larix sp. are used in colder areas at higher altitudes. All
these plantations are intensively managed, and in the case of
P. radiata, this means 2-3 intermediate thinnings and a final
clear-felling at age 25-40 years, with stem-only harvesting.
Fertilizers are very rarely used, and high rates of nutrient
export result from this land use. The mechanical site prepa-
ration techniques used in some cases after clear-felling result
not only in significant increases in the loss of nutrients, but
also in other processes of soil degradation, such as high rates
of soil loss and compaction (Merino and Edeso 1999; O-
larieta et al. 1999, 2006; Merino et al. 2005).

According to data from EUSTAT (2007) in the Basque
Country, it is worth noting the predominance of P. radiata
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Fig. 3.27 Anthropogenic action:
mosaic of pastures and thin forest
masses (bocage). Riosa, Central
Asturias

on eucalyptus and other species in forest cultivation in
coastal areas and lowlands, occupying P. radiata,
150,000 ha, against 10,000 ha of eucalyptus.

Both forests and shrublands played an important role in
the agrarian economy in the past, not only in terms of fire-
wood and timber, but also as the main sources of fertilizer in
historical times and up to the 1960s, as litter and organic
horizons were collected from forests, and bracken and gorse
were harvested as bedding material for animals and then
spread onto arable land and grassland (Carballas 2003). In
some areas, shrublands were used under a slash-and-burn
agricultural system that produced significant processes of
soil degradation (Soto et al. 1995). From eastern Asturias to
the Basque Country, liming materials are abundant, as
limestone is a widespread rock, but they were only used for
crops and, more sparingly, for grassland. The same occurred
in Galicia, with liming material coming from limestone
quarries (Guitian Ojea and Mufioz Taboadela 1957). This
polarization of soil fertility between arable land and grass-
land on the one hand, and forests and shrubland on the other,
is still evident today. Small lime fragments frequently appear
on the subsurfaces of plots that were used for agriculture in
the past but are now used for forest plantations, which
commonly do not receive any fertilization. These plots also
show significantly higher concentrations of the main nutri-
ents. A similar situation has been described in other areas of
Europe and Africa.

The prairies of natural origin occupy small surfaces and
are generally being substituted by those semi-naturals, due to
the anthropogenic activity that tends to favor the develop-
ment of the herbaceous plants and eliminate the scrub plants.

The best prairies are located in the fond of the valleys, fluvial
shores, and gentle slopes, on terrain of good quality and with
considerable humidity (Fig. 3.27).

The use of fire is a common practice, especially in acid
soils, oriented towards the use of pasture in large areas of
heaths and other acidophilus bushes. Controlled fires take
place during the periods of low or no risk of fires; however,
fortuitously or intentionally, almost all the soils in the
mountains have repeatedly supported the fire action that
destroys the SOM, particularly in peats and other Fluvisols
(Anmoor soils; Kubiena 1952) down to —30 cm in depth in
these cases, giving rise to large quantities of ashes that can
change the soil pH and diminish the dystrophy of the upper
horizons; this is how for the raising of ownerless animals or
the stockbreeders and proprietors of hunting reserves trans-
form shrublands into grasslands (Carballas 2003).

The anthropogenic soils that are those in which human
activities have acted intensively modifying the general for-
mation processes, constitute an independent group in which
the natural soil is considered as parent material subject to
evolution by the action of the cultures, fertilizers, amend-
ments, forest fells, fires, etc. This process, called
“meta-edaphogenesis” by Yaalon and Yaron (1966), differs
from the soil formation factors by the rapidity of its actuation
and its reversibility.

Top-quality prairies are those with green herbs, mainly
perennial species, with rhizomes or stolons able to easily
propagation of vegetative form permitting thus surviving to
the frequent cuttings; they are not pastured and are reaped
periodically each time the herb reaches a sufficient height.
Frequently, some species are introduced in order to improve
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the pasture. The typical reaping prairies are of secondary
quality or of dry herbs and are considered dry prairies,
although generally they are developed on soils with abun-
dant humidity; these prairies are reaped in July or August
and then grazed on by the livestock until the end of the
winter or early spring, when they are closed again until the
following summer. The prairies of inferior quality are always
pastured by the livestock all year round; their composition in
species is even more reduced. Nowadays, in most of the
exploitations, the herb is used for silage in periods of max-
imum production, thus disposing of forage in periods of
scarcity of green herbs (Lloveras Vilamanya and Alonso
Rosano 1982).

In some parts of Galicia, pastures under brooms (Cytisus,
Genista and other Fabaceae genus) are maintained by
farmers because of their higher productivity in the dry sea-
son, with a humus of better quality and a considerable
supply of N due to the leguminous and its debris. In the high
mountains, such as Cabeza de Manzaneda, the bilberries
(Vaccinium myrtillus), characteristic of humid soils of high
acidity that form raw or dystrophic forms, typical of podz-
olized organic soils, are abundant. In the mountainous areas,
the livestock exploitation profits from the subalpine pastures
on organic soils, frequently hydromorphes (Guitian Ojea and
Carballas 1982).

In the Basque Country, farms are mostly small, usually
less than 50 ha with a mean size of about 10 ha (almost the
same occurs in Galicia, where the territory is also divided in
small parcels) and worked on part-time. The land used for
arable purposes is less than 1 ha per farm, mostly just as
vegetable gardens. Full-time, mainly arable farms are very
rare and concentrate on horticulture and fruit production. In
these cases, they use less than 5 ha for this purpose on slopes
of less than 10 %, while the rest of the farmland is used for
forest plantations. Animal farms are the most frequent
full-time enterprise, and use slopes up to 47 % for cutting
and/or grazing, slopes up to 58 % for grazing, and slopes
steeper than this for forest plantations. Stocking rates in
dairy and beef farms are 2-3 LU/ha, while in sheep farms are
0.8-1 LU/ha. Some land owners may have all their land in
forest plantations, but even in this case, the size of these
holdings is less than 10 ha; the species most frequently used
in these plantations is Pinus radiata, which spreads over
50-60 % of the total forest area, and Eucalyptus globulus
(Olarieta, J.R., personal communication).

3.4 Main Factors of Soil Degradation

The main factors contributing to soil degradation in this wide
territory that are also common to the study zone are:
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(1) Erosion processes mainly due to the frequent rains and a
general landscape that comprises a coastal zone with
steep cliffs and the mountainous inland zone with deep
and abrupt slopes (Diaz-Fierros et al. 1982); and
Forest fires 40 years ago that increased at such abnormal
rates that they merit additional explanations, bringing
about serious processes of post-fire erosion.

2

3.4.1 Forest Fires

The above-cited Plan Forestal de Galicia, elaborated by the
Galician government (Xunta de Galicia) in 1992, signals as a
“priority objective of any forest policy in Galicia the eradi-
cation of the forest fires . . .” Galicia, with a total surface of
29,430 kmz, has approximately two million hectares, which
is two thirds of its territorial surface, with forest vocation,
favored by its climatology with abundant rain (600-
3,000 mm annual precipitation) and only sporadic periods of
severe and prolonged dryness. Forests, plentiful scrubs, and
herbaceous plants would cover our mountains, constituting a
great ecological and economical richness by itself, but also
by their role in the protection of the soil against erosion,
which like that accounted for low levels of risk (Diaz Fierros
et al. 1982). However, since around 1968, wildfires have
been increasing gradually at previously unknown rates (more
than 250,000 forest fires were recorded between 1968 and
2012), converting them in real catastrophes not only by the
surface affected (1,711,000 ha) but mainly by the quality of
the mountains affected (700,000 ha of arboreal surface).
Forests, shrubs, and all types of vegetal cover affected by the
fires have been destroyed, recurrently in many cases; the
soils have been degraded in more or less degree and on top
of that, the most negative impact of the fire arises—the
post-fire erosion, resulting in high-risk levels in some cases,
causing the loss of uncalculated amounts of soil, and even
appearing rock outcrops (Carballas 1994, 2003, 2007, 2014).

To better comprise the magnitude of the problem in
Galicia, which, together with northern Portugal, are the
European zones with the highest number of fires per ha or
inhabitant, although Galicia represents only 6 % of Spain’s
surface, for instance, from 1968 until 2012 it had 55 % of the
fires in all of Spain, and representing 16 % of its forest
surface, the surface affected by forest fires represented 25 %
of that of all Spain and 26 % of its arboreal surface.

To both prevent and fight against this ecological, envi-
ronmental, economic, and social catastrophe, the Spanish
government has reacted by elaborating the INFO and PLADI
Plans for forest fire prevention and extinction for each
Community, but not for the management of the affected
areas, such as the immediate protection of the burnt soils and
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Fig. 3.28 Fire prevention.
Statistical Forest Fire Risk Index
that predicts the areas with risk of
fire four or more days in advance
(Photo THOR Group, USC,
CSIC, UVigo, UAC)

T. Carballas et al.

Forest Fire Risk Index for Galicia

The algorithm permits the diary calculation of the Forest Fire Risk

Index for each of the 360 cells (10x10xm), four days in advance

Possible values :> . -

restoration of the forest ecosystems affected by the fire—that
is, recovery of the soil and rehabilitation of the vegetation
(Carballas 2003, 2014). At the same time, numerous
researchers have dedicated their efforts to the study of the
various aspects of this subject: effects of fire on all compo-
nents of the environment; measures for the control of soil
erosion processes; management of forest ecosystem resto-
ration; and even a handbook on stabilization activities in an
emergency and rehabilitation of burnt forest areas in Galicia
(Vega et al. 2013).

On the other hand, taking advantage of the new tech-
nologies, computer tools have been developed using statis-
tical models, knowledge based systems, artificial
intelligence, teledetection, and others, to elaborate risk
indices to predict, in both at short and long term, the areas at
risk of fires; the temporal location and the first days of the
periods with more density of fires (forest fire peaks); systems
that predict the fires’ behavior and spreading; systems for the
management of the humans and material, terrestrial or aerial
resources for fire extinguishment; and systems for the
management of the burnt areas until restoration, etc.
(Alonso-Betanzos et al. 2003; Varela et al. 2006; Paz And-
rade et al. 2010; Carballas et al. 2011; Carballas 2014)
(Fig. 3.28). All this with the aim of supplying the govern-
ments with ample scientific information to help them make
decisions regarding the reduction of forest fires to only
sporadic and controllable ones and, therefore, to allow them

Risk Levels

o vedium
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to accomplish the main objective of the forest police: “to
pretend a balance between the ambient functions of the
mountains and the obtaining of satisfactory economical
profits”.

Similarly, forest fires in Asturias are considered to be one
of the main environmental problems and a grave menace for
one of the better conserved zones of biodiversity in Europe:
their forest and forest resources and the ecosystems
depending on them; the levels of environmental quality; and
the live form of the Asturian people. The degradation of the
soils derived from the progressive loss of SOM, structure
and fertility, which can be very difficult or even impossible
to recover, as well as the acceleration of erosion and the
general degeneration of forest and landscape as a result of
the forest fires and their frequent recurrence, particularly in
the south of the western quarters of this Community, are
probably the main environmental problem of this province.
Between 1990 and 2012 the number of fires recorded were
34,077, affecting 2,180 km? of surface, of which 41,735 ha
were arboreal vegetation. Since 1994, 38.19 % of the terri-
tory has been affected at least once by fire, and some areas
have been burned six times in 10 years. The measures taken
by the Government of the Principado de Asturias, mainly the
annual Plan INFOPA, have improved the statistical param-
eters concerning the effectiveness of fire extinguishment,
because the 25,534 ha of surface burned between 2002 and
2003 has gone down to 12,283 ha between 2004 and 2005;
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in the same way, the mean value of the burnt surface per fire
has been reduced from more than 7.0 ha to less than 3.0 ha,
respectively, in the same periods (Alvarez Garcia 2007).
To a much lesser extent, Cantabria had 9,344 forest fires
recorded between 1990 and 2012, and 104,812 ha of burnt
surface, 14,265 ha being of arboreal vegetation. The Basque
Country suffered the same problem but at a lesser magni-
tude. Other regions of Spain, as well as other countries in the
European community, such as France, Greece, Italy, and
Portugal are also being affected by the forest fires.

3.4.1.1 Causes of Forest Fires

To find the reason for this sudden increase in the number of
forest fires, historic antecedents and current causes should be
considered.

Fire was always a work tool used by the farmers of the
study zone, particularly the superficial burning of mountain
vegetation to cultivate cereals, profiting from the ephemeral
increase of chemical fertility as a result of the accumulation
of ashes and, therefore, of nutrients from the burnt vegeta-
tion; in addition, worthless weeds and shrubs, with low
nourishment value, are controlled. They also used the fire for
burning the residues of the farm.

The climax Galician forest, a deciduous oak forest
(Quercus robur) with its cortege of other deciduous species
and its particular undergrowth, was the object of various
deforestations, as the result of a high demand for wood for
the army—to build ships, beams for the railways, and to
produce vegetal carbon (charcoal) for the local forges or iron
and steel foundries, even firewood for the tanneries, or
simply deforestation due to the increase of extensive agri-
culture to match the increase in population. This caused the
expansion of the scrub, mainly gorse (Ulex sp.) and heather
(Pteridium sp.). On the other hand, the wood and the shrub
material were used and consumed as combustible material
for domestic uses and the scrub plants for bedding of the
livestock with the aim of producing manure, which was the
better and unique fertilizer for the agricultural soils. Besides
that, the scrub, as well as its undergrowth, was pastured; for
this, the gorse was extensively sowed by the farmers from
the eighteenth century until the 1950s. The degradation of
the forests due to deforestation was counteracted, in the
1950s, by a massive reforestation not only of mono-specific
communities of pines and eucalyptus, two productive spe-
cies of rapid growth, but also by pyrophyte species that
favored forest fires and rarely with autochthonous species,
usually slow-growing oak species.

The control of the vegetation managed by its domestic
use and the production of manure was restrained at this
period by diverse causes: the use of other fossil combustibles
for the heating; the introduction into the market and the
massive use of mineral fertilizers to the detriment of organic
manures; the diminution of the extensive livestock; and the
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proliferation of industrial stables to raise livestock. All these
factors decreased the pasture demand and the bedding sys-
tem, and in turn produced another type of organic fertilizer
—the slurry. The result of all this is the human abandonment
of the mountains, their exploitation and care, and, conse-
quently, the accumulation of enormous amounts of plant
materials (biomass), some of them highly combustible,
which favored the proliferation of forest fires.

Based on these historic facts, it is necessary to find the
immediate reasons for the fires. Although meteorology
(maximum temperature, relative humidity, precipitation, and
wind speed and direction) has a great influence on the
potential risk and propagation of the fires, it is not a direct
cause—except for lightning. The same can be said of pop-
ulation distribution; according to the latest statistics, of the
possible causes of fires—lightning, negligence (fires pro-
duced by farmers and stockbreeders, tourists, etc., that burn
out of control), and intentionality (preparation of grasslands;
transformation of scrubs in grassland; burning of scrubs in
game reserves to produce herbs; extension of the horses free
living; extermination of insects; quarrels between neighbors,
etc.)—and other unknown reasons, intentionality, together
with negligence, now account for more than 95 % of the
fires. Therefore, it is obligatory to conclude that men and
their socio-economic activities are always behind the fires
and that their effects should be considered to be anthropo-
genic impacts (Carballas 2003, 2007, 2014).

3.4.1.2 Soils and Forest Fires
One of the main problems concerning forest fires is that
society, and even the institutions responsible for firefighting,
apparently ignore the fact that all the forest ecosystems are
formed by the soil and the vegetation, two interdependent
natural resources. The soils are the physical support of the
vegetation and supply the plants with the water and nutrients
needed for their growth: without soils, there is no vegetation.
In turn, soils cannot develop without vegetation because the
plant debris is the prime material of the SOM, a fundamental
soil component directly related to soil quality; besides, the
vegetation cover protects the soil against the direct impact of
the rain and the plant roots fix the soil, thus protecting it from
aerial and pluvial erosion processes. Moreover, the vegetation
is a renewable resource, whereas the soil is not, because the
formation of soil can take thousands of years. In spite of this,
the society and even the governments are only concerned with
the destruction of vegetation and do not see the degradation of
the soil, mainly due to the burning of the SOM; and therefore,
measures for the immediate protection of bare soil and the
recovery of the burnt soil are not applied (Carballas 2014).
The destruction or diminution of the SOM by the fires,
modifying its chemical and microbiological composition,
negatively affects almost all the soils’ properties, decreasing
the soils’ quality and altering its functioning (Figs. 3.29 and
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Fig. 3.29 Soil affected by a
severe wildfire: ash layer. Cabeza
de Manzaneda, Orense, Galicia

Fig. 3.30 Soil affected by a
severe wildfire: detail. Cabeza de
Manzaneda, Orense, Galicia

3.30). (Saé et al. 1993; Carballas et al. 1994; Salgado et al. increasing the runoff and favoring the soil erosion and its
1995; Acea and Carballas 1996; Carballas 1997; Prieto catastrophic effects on other ecosystems (Figs. 3.31, 3.32,
Fernandez et al. 1998, 2004; Carballas et al. 2009a). 3.33 and 3.34) (Carballas 2003, 2014; Villar et al. 2004a).

The destruction of the aggregates can diminish the The fires destroy the more labile forms of C and N
porosity and then the infiltration of water in the soil, thus (hydro-soluble C and N and microbial biomass) as well as
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Fig. 3.31 Soil erosion caused by
post-fire erosion processes after a
severe forest wildfire (Galicia

2006)

Fig. 3.32 Beach covered by
sediments from the Xiabre
Mountain (Pontevedra, Galicia,
2006), affected by a severe
wildfire and post-fire erosion due
to torrential rains after the fire

other compounds that are less labile, such as carbohydrates,
lipids, and unhumified OM, and increase the most recalci-
trant to microbial attack like lignin, humine, humic acids,
organo-Al complexes and residual N, which are the major
and more stable pool of the SOM, thus decreasing the
mineralization speed of the organic C and N compounds and

the liberation of nutrients for plant growth and therefore the
formation of the vegetation cover (Vazquez et al. 1993;
Fernandez et al. 1997, 2001; Castro et al. 2006; Carballas
et al. 2009a; Martin et al. 2012).

The micro-biota is destroyed by the fire but is rapidly
recovered; however, the changes induced by the fire in the
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Fig. 3.33 Beach covered by
dead bivalves due to waters and
sediments from a severe wildfire
that has changed the salinity of
the sea water (Galicia, 2006)

Fig. 3.34 Post-fire erosion after
a controlled fire to transform a
scrubland into grassland (Lugo,
Galicia)

mass, activity, and diversity of the microbial population very
much alter the normal soil functioning. The microbial bio-
mass could never be recovered or would take some years
after the fire, most likely due to the slow recovery of the
fungi that contribute more to the biomass than bacteria. The
impact of the fire on soils, including post-fire erosion, is

particularly accused during the first year and then it tends to
be attenuated; however, the recovery of some properties
affected by the fire, even in the absence of soil erosion and
without destruction of the total SOM, is not produced until
5-10 years after the fire, when the regeneration of the veg-
etation cover has been produced.
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Fig. 3.35 Natural mulching that
protects the burnt bare soil against
post-fire erosion (Pontevedra,
Galicia)

Fig. 3.36 Field experiment for
evaluating two bioremediation
techniques, seeding and mulching
(straw) for burnt soil protection,
erosion control (by geo-textile
fences) and ecosystem
rehabilitation (Orense, Galicia)

Consequently, the protection/recovery of the burnt soils,
applying measures (mainly bioremediation techniques such as
seeding or diverse organic mulching that promotes the
regeneration of the microbial population and activity), the
rehabilitation of the biological cycle of nutrients, the recovery
of the vegetation and thus the content in SOM, are obligatory
for avoiding the irreversible loss of soil and the rock outcrops

(Figs. 3.35,3.36, 3.37 and 3.38). In this way, forest ecosystems
could again develop their potential richness and ecological
functions, mainly the protection of waters and atmosphere and
conservation of the diversity (Acea et al. 2003; Vazquez et al.
1996; Villar et al. 1998, 2004b; Carballas 2006, 2014; Castro
et al. 2007; Gonzalez-Prieto et al. 2008; Carballas et al. 2009b;
Diaz-Ravifia et al. 2010, 2012; Fonturbel et al. 2012).
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Fig. 3.37 Bioremediation
techniques: straw application to
burnt soil

Fig. 3.38 Bioremediation
technique for erosion control and
reclamation of burnt soils: soils by inoculation o
inoculation of cyanobacteria PR S B
(Photo Maria José Acea Escrich, Ry o .
ITAG-CSIC)

Nostoc sp.

/",_.:__’.f.“

’ e
Oscillatoria sp.

Cyanobacteria

Bioremediation technique:Erosion control and reclamation of burnt
f Cyanobacteria: formation of a microbial crust

Anabaena sp.

3.5 Major Soil Types in the Spanish

Temperate Humid Zone

The study of the taxonomy, classification, and cartography
of the soils of various countries over time has given rise to
different soil classification models, all them looking for the
best way to reflect the field’s morphological observations
and the analytical characteristics of the different soils in one

system that permit pedologists to visualize a given type of
soil without visiting its field profile; furthermore, they look
for the system that reflects the relationships among the types
of soil, whether genetic, topographic, or other. Conse-
quently, almost every nation has built its own soil classifi-
cation that is very well adapted to its soils—hence, the soil
classifications of Kubiena for Spain and Germany, the
French or the Italian soil classifications, the Soil Taxonomy
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of the USA, the various versions of the FAO soil classifi-
cation, etc. Of course, in this way each nation has solved its
own problem, but the main problem, which is to be able to
compare the soils of two or more countries, necessitates
knowing the classifications of both countries—whether their
own classifications of each country or simply two different
systems—has not yet been resolved.

The World Reference Base (WRB) for Soil Resources
2006, first updated in 2007 (JUSS Working Group WRB
2007), aims to solve this problem because it “is not meant to
substitute for national classification systems but rather to
serve as a common denominator for communication at an
international level”. This is the main reason for using this
Soil Classification System in this chapter. Another reason is
that although the first cartographic studies of the soils of the
area were made using the Soil Classification of Kubiena
(1952), since it matched the characteristics of the study zone,
the more recent cartography was done using the FAO Soil
Classification in the 1974 and 1998 versions. For some of
the authors of these studies, the FAO classification was very
familiar because on two occasions, 1981 and 1991, at the
instance of the President of the Spanish Society of Soil
Science, Prof. Roquero, and later on of Prof. Dudal (FAO),
respectively, the two books, Soil Classification FAO and Soil
Map of the World-Revised Legend were translated into
Spanish by Carballas and other scientists, the last Spanish
version being presented at the 14th International Congress of
Soil Science of the TUSS held in Kyoto, Japan.

3.5.1 Reference Soil Groups (RSGs)
and Second-Level Units of the WRB
in the Study Zone

Following the rules of the WRB for soil classification, the
Reference Soil Groups (RSGs—higher categorical level) and
the second-level units (prefix and suffix qualifiers) for each
RSG of the WRB (IUSS Working Group WRB 2006) of the
soils identified in the Spanish Temperate Humid Zone, are
listed in Table 3.1. From a total of 32 RGSs, 18 are found in
the study area, indicating a high degree of soil diversity
associated with a wide variety of soil forming factors.
Taking into account that there are pedologists who use
the Soil Taxonomy, and that most of the soils of the study
zone have a mesic temperature regime and an udic or ustic
moisture regime (as established earlier), tentative correla-
tions between the RGSs of the WRB (2006) and the
SOIL ORDERS of the Soil Taxonomy (Soil Survey Staff
2010) are schematically collected in Table 3.2. Moreover,
within each of the sections referring to the different RSGs,
some comments will be included regarding these tentative
correlations. It is necessary to emphasize that such equiva-
lences are approximate, since although much of the
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diagnostic horizons, features or properties have a similar
basis, there are significant qualitative and quantitative dif-
ferences in their definition that prevent a direct correlation
between both classifications.

3.5.2 Characteristics and Distribution
of the Main Types of Soils Identified
in the Zone

3.5.2.1 Histosols

The Histosols (from the Greek “histos,” meaning “fabric”),
characterized by an histic horizon (H), are soils formed by
organic material in conditions of poor aeration generally due
to its saturation with water in most years because the water
level reaches or surpasses the soil surface. Consequently, the
biological activity is limited and the processes of minerali-
zation and humification of these materials are very low, the
organic matter decomposes very slowly and accumulates
until reaching a thickness of 100 cm or more.

In the study area, two types of Histosols, those commonly
called peats, where only marshy vegetation such as mosses,
mainly Sphagnum sp., and herbs as Carex sp. and Eripho-
rum sp. can live, are well represented: Fibric Limnic His-
tosol, where Sphagnum predominates; and Ombric Sapric
Histosol, where the predominant organic material consists of
recognizable plant tissues. These formations spread in small
patches in cold areas of high precipitation and low evapo-
transpiration, on acid rocks, occupying altogether a signifi-
cant surface in the zone, mainly in Galicia, where there can
be differenciated peats located in the central depressions
(Terra Cha, Guitiriz, etc.) and in the mountain summits
(Martinez-Cortizas and Garcia-Rodeja 2001), or in areas of
slope change (Montes del Buyo in Vivero, occupying the
largest extension, Sierras Faladoira, Ancares, O Xistral)
(Figs. 3.39 and 3.40). On calcareous rocks, the Ombric Sa-
pric Histosol (Calcareous, Eutric) can also be found in the
eastern zone of Asturias and in Cantabria. Also occupying
small areas spread by the territory, Ombric Histosols (Dy-
stric) are quite common near the peats or the Galician brarias
(Fig. 3.41) (Mufloz Taboadela et al. 1966; Guitian Ojea and
Carballas 1982; Guitian Ojea et al. 1982b, 1985a, b, 1986).

These soils are characterized by a high content of organic
matter in the entire profile, acid pH and generally, except
those developed on calcareous rocks, a low percentage of
base saturation of the CEC, where the H* predominates due
to the high concentration of organic acids and the high
content of exchangeable AI’* as can usually be found in
soils developed on granites and other acid rocks (Table 3.3;
see Appendix page 120).

According to the Soil Taxonomy, these soils are essen-
tially equivalent to the homonymous order Histosols;
besides, both units of the WRB can be correlated, in general
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Table 3.1 Reference soil groups (RSGs) and categorical details identified from the WRB (2006) for the soils of the Spanish Temperate Humid

Zone

Simplified concepts associated to Reference Soil
Groups (Concepts based on WRB 2006)

Soils with thick organic layers

Soils with strong
human influence

Soils with limited
rooting

Soils influenced
by water

Soils set by Fe/Al
chemistry

Soils with stagnating
water

Accumulation of
organic matter;
high base status

Soils with a clay-
enriched subsoil

Relatively young soils
or soils with little or
no profile
development

With long and intensive
agricultural use

Containing significant
amount of artefacts

Shallow or extremely
gravelly soils

Alternating wet-dry
conditions; rich in
swelling clays

Floodplains, tidal marshes

Groundwater-affected
soils

With allophones or
Al-humus complexes

Cheluviation and
chilluviation

Submitted to stagnating
water; with structural
and/or moderate textural
contrasts

Transition to more humid
climate

Low base status; high
activity clays

Low base status; low
activity clays

High base status; high
activity clays

With an acidic dark topsoil

Sandy soils

Moderately developed
soils

Soils with no significant
profile development

IUSS-WRB
(2006)

REFERENCE
SOIL GROUPS
(RSGs)

HISTOSOLS

ANTHROSOLS

TECHNOSOLS

LEPTOSOLS

VERTISOLS

FLUVISOLS

GLEYSOLS

ANDOSOLS

PODZOLS

STAGNOSOLS

PHAEOZEMS

ALISOLS

ACRISOLS

LUVISOLS

UMBRISOLS

ARENOSOLS
CAMBISOLS

REGOSOLS

Second-level units

Prefix qualifiers

Fibric-Limnic, Ombric-
Sapric, Ombric

Hortic, Escalic

Urbic, Garbic, Spolic

Lithic, Rendzic, Andic,
Mollic, Umbric, Cambic,
Haplic

Mazic

Salic, Tidalic, Gleyic,
Mollic, Umbric, Haplic

Histic, Mollic, Umbric,
Haplic

Aluandic

Leptic-Aluandic,
Umbric-Aluandic, Umbric-
Melanic

Gleyic-Placic, Umbric-
Orsteinic, Albic, Umbric,
Stagnic, Haplic.

Mollic,Umbric, Haplic

Rendzic, Leptic, Haplic

Leptic-Cutanic-Umbric,
Leptic-Umbric, Gleyic,
Haplic

Haplic

Cutanic, Leptic-Cutanic,
Haplic-Cutanic, Andic,
Haplic

Leptic, Leptic-Endogleyic,
Endogleyic, Andic, Mollic,
Cambic, Cambic-Mollic,
Haplic

Protic, Haplic

Leptic, Endogleyic, Andic,
Haplic

Leptic, Endogleyic, Haplic

Suffix qualifiers

Calcaric, Dystric, Eutric (and their
combinations)

Mainly Dystric and Eutric

Calcaric, Humic, Dystric, Eutric,
Oxyaquic, Skeletic (and their
combinations)

Calcaric, Humic, Hypereutric
(and their combinations)

Thionic, Anthric, Calcaric,
Oxyaquic, Humic, Dystric, Eutric,
Arenic (and their combinations)

Calcaric, Humic, Alumic, Dystric,
Eutric, Silty, Clayic (and their
combinations)

Anthric, Calcaric, Dystric, Eutric,
Thixotropic, Clayic

Calcaric, Alumic, Dystric, Eutric,
Siltic, Clayic (and their
combinations)

Anthric, Calcaric, Clayic (and their
combinations)

Anthric, Alumic, Humic, Clayic
(and their combinations)

Hyperdystric

Anthric, Manganiferric, Humic,
Hypereutric, Oxyaquic, Profondic,
Siltic, Clayic (and their
combinations)

Anthric, Humic, Alumic,
Hyperdystric, Endoeutric, Pachic,
Skeletic, Siltic, Clayic (and their
combinations)

Calcaric, Dystric

Calcaric, Alumic, Humic, Dystric,

Eutric, Oxyaquic, Siltic, Clayic,
Escalic (and their combinations)

Calcaric, Humic, Dystric, Eutric,
Skeletic, Siltic, Clayic (and their
combinations)
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Table 3.2 Tentative correlations between the WRB (2006) and the Soil Taxonomy (2010) soil classifications for studying the soils of the Spanish

Temperate Humid Zone

Simplified concepts associated to IUSS-WRB (2006)

reference Soil Groups

Concepts based on WRB 2006 REFERENCE
SOIL GROUPS
(RSGs)
Soils with thick organic layers HISTOSOLS
Soils with strong human influence ANTHROSOLS
TECHNOSOLS
Soils with limited rooting LEPTOSOLS
Soils influenced by water VERTISOLS
FLUVISOLS
GLEYSOLS
Soils set by Fe/Al chemistry ANDOSOLS
PODZOLS
Soils with stagnating water STAGNOSOLS
Accumulation of organic matter, PHAEOZEMS
high base status Phaeozems
Soils with a clay-enriched subsoil ALISOLS
ACRISOLS
LUVISOLS
Relatively young soils or soils with UMBRISOLS
little or no profile development ARENOSOLS
CAMBISOLS
REGOSOLS

terms, with Fibrist and Saprist suborders of the Soil

Taxonomy.

3.5.2.2 Anthrosols

The Anthrosols are soils derived from the anthropogenic
action on natural soils, mainly cultivation, mixing organic
and mineral horizons, adding organic (mainly dung, poultry
manure, slurry and other wastes) and mineral fertilizers,
calcareous amendments to change soil pH in acid soils and
even earth from other soils, thus creating a mineral surface
horizon (hortic horizon) generally of more than 30 cm thick

USDA-Soil Taxonomy (2010)

SOIL ORDERS and more significative lower categories (fully or
partially correlated)

HISTOSOLS (Fibrists and Saprists suborders)

INCEPTISOLS (Plagganthrepts and Haplanthrepts great groups)
ENTISOLS (Udarents, Ustarents, Udorthents or Ustorthents great
groups)

ENTISOLS (Udorthents and Ustorthents great groups)
ENTISOLS (Lithic subgroups of: Udorthents and Ustorthents great
groups; locally, Xerorthents great group)

INCEPTISOLS (Lithic subgroups of: Udepts and Ustepts suborders;
locally, Xerepts suborder)

MOLLISOLS (Lithic subgroups of: Rendolls, Udolls and Ustolls
suborders)

VERTISOLS (Uderts and Usterts suborders)
ENTISOLS (Udifluvents and Ustifluvents great groups)

ENTISOLS (Aquents suborder)
INCEPTISOLS (Aquepts suborder)
MOLLISOLS (Aquolls suborder)

ANDISOLS (Udands and Ustands suborders)
SPODOSOLS (Humods and Orthods suborders)

ALFISOLS (Epiaqualfs great group)
ULTISOLS (Epiaquults great group)
INCEPTISOLS (Epiaquepts great group)

MOLLISOLS (Udolls and Ustolls suborders, mainly Hapludolls,
Haplustolls, Argiudolls and Argiustolls great groups)

ULTISOLS (Udults and Ustults suborders)
ALFISOLS (Udalfs and Ustalfs suborders)
INCEPTISOLS (Dystrudepts and Dystrustepts great groups)

ALFISOLS (Hapludalfs, Paleudalfs, Haplustalfs and Paleustalfs great
groups)
INCEPTISOLS (Eutrudepts and Haplustepts great groups)

INCEPTISOLS (Humudepts and Humustepts great groups)
ENTISOLS (Udipsamments and Ustipsamments great groups)

INCEPTISOLS (Dystrudepts, Eutrudepts, Dystrustepts and
Haplustepts. Locally, Dystroxerepts and Haploxerepts great groups)

ENTISOLS (Udorthents and Ustorthents great groups. Locally,
Xerorthents great group)

(Hortic Anthrosol). These soils occupy in the study zone
most of the areas that are dedicated to the traditional agri-
culture, generally using the plough to till the earth for the
various cultures. In general, they expand by areas of smooth
topography, such as valleys, fluvial meadows, and flat sur-
faces, with well drainage or easy irrigation, slow slopes, and
even the flat summits of mountains, mainly for transforming
scrublands into grasslands (Galicia and the Basque Country),
in which case controlled forest fires are frequently used to
eliminate the plants of the scrubs (Figs. 3.42 and 3.43), and
by the rasa in the coast (Asturias and Cantabria) (Fig. 3.44).
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Fig. 3.39 Landscape of Fibric
Limnic Histosol (Dystric). Sierra
do Xistral, Galicia

Fig. 3.40 Ombric Sapric Histosol (Dystric). A Coruiia, Galicia

In the abrupt slopes of the Miflo, Sil and Bivei River
shores (Galicia), the human activity has built narrow terraces
in a series of gradins, transforming the natural soils into deep
anthropogenic soils without differentiation of horizons and
artificial elevation of the soil surface by the addition and
mixing of earth of the same slope, rich in organic matter
(Escalic Anthrosol) (see Fig. 3.26), and where the vine is
cultivated or in the abandoned vineyards, other adapted
cultures have been developed.

The Soil Taxonomy (2010) has accommodated the
anthropogenic impacts on the various taxonomic levels and,
specifically, with different diagnostic horizons and features
as anthropic and plaggen epipedons, agric subsurface hori-
zon, aquic conditions (anthric saturation), or densic materials
(Wilding and Ahrens 2002). Depending on the differences in
the definition of the diagnostic horizons between the WRB
(hortic, irragric, plaggic, terric) and the Soil Taxonomy
(plaggen, anthropic), the Anthrosols are roughly correlated
to the anthrepts suborder in terms of the Soil Taxonomy
system; additionally, many of them correspond to the Uda-
rents, Ustarents, Udorthents or Ustorthents groups of
Entisols.

3.5.2.3 Technosols

This type of soil is derived mainly from: (1) the accumula-
tion of all kinds of urban organic wastes, such as urban
refuse (Garbic Technosols); (2) artefacts and waste products
of the diverse human activities (Urbic Technosols); and
(3) dumps of mines and stone quarries (Spolic Technosols).
The three types of Technosols are represented in Galicia and
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Fig. 3.41 Ombric Histosol
(Dystric). Sierra del Faro, Lugo,
Galicia

Fig. 3.42 Anthropogenic action:
grassland in the Sierra do Caurel,
Lugo, Galicia (Photo Serafin

J. Gonzaélez Prieto, IIAG-CSIC)

in some cases (dumps of the ancient Mine of Cu, in Touro,
and Mine of lignite in As Pontes, both in A Coruia), they
have been rehabilitated, and in other cases, especially dumps
of urban refuses have been revegetated (Leiros et al. 1993).
Spolic Technosols derived from dumps of iron and steel
industries as well as dumps from limestone, quartzite and
particularly from the big exploitations of granite and slates in
Porrifio (Pontevedra) and O Barco (Orense), respectively,
are spread all over the territory of Galicia (Macias Vazquez

and Calvo de Anta 2001). The same classes of Technosols
are frequently observed in other areas of the study zone.
No specific characteristics or horizons are defined in the
Soil Taxonomy (2010) mainly in similar terms, other than
those related to WRB’s Technosols (especially 20 % or more
of artefacts and other man-made elements), so there is no
proper correlation between both classification systems in
relation to these types of soils. In any case, the order Entisols
(Udorthents and Ustorthents great groups) allows the
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Fig. 3.43 Anthropogenic action:
landslides in clayey soils under
pastures. Eastern Guipuzcoa,
Basque Country

Fig. 3.44 Anthropogenic action:
intense cultivation in coastal areas
(coastal rasas). Cabo de Pefas,
North-Central Asturias

inclusion of Technosols at least partially. For mapping
purposes, soils characterized as Technosols could be inclu-
ded in “miscellaneous areas,” defined as areas having
essentially no soil, some of them as a result of human
activities, including dumps, scoria lands, slickens, or urban
lands (Van Wambeke and Forbes 1986).

3.5.2.4 Leptosols
Leptosols (from the Greek “leptos,” meaning “thin”) are
soils with mainly an AR profile, where the A horizon has a

depth less than 25 cm on a continuous rock or a cemented
layer. They are young soils, scarcely developed due to
erosion or being the result of erosive processes of other
soils, appearing frequently over all the territory, on all
types of slow-weathering acid materials (granite, gneiss,
quartzite, slates, schist rich in quartz, etc.), and usually
located on flat summits or edges of the abrupt slopes of
high mountains.

In general, due to its depth, arboreal vegetation, except
for pines, have limitations to grow on them, usually being
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developed under diverse types of scrubs, prairies, and pas-
tures suitable for livestock. Climatic conditions can also
limit their evolution when they are located in humid and cold
areas; they usually have good drainage, but those situated in
the eastern part of the zone can become dry in summer.
Numerous varieties of Leptosols can be found in the study
zone. Lithic Leptosol is found when the rock starts within
—10 cm of the soil surface or is located in the middle of
rocky outcrops. On acid rocks, like those mentioned above,
and sandstones, phyllites, lutites and volcanic rocks, they
present an umbric horizon (Umbric Leptosols), whereas on
calcareous rocks they may have a mollic horizon (Mollic
Leptosols; Rendzic Leptosols), and on basic rocks (am-
phibolites, gabbros) they frequently present andic properties
(Andic Leptosols). They can present a high percentage of
gravels, in which case they have a skeletic character.

In the Basque Country, Leptosols developed from lutites
(mostly classified as Haplic Leptosols), have higher pH
values when used for grassland or arable (5-7) land than
those for forestry (4—4.5) with high clay contents (30-43 %),
and they frequently show oxyaquic features. The Leptosols
developed from volcanic rocks are mostly classified as
Umbric or Mollic Leptosols, because although they show a
characteristic strong, fine, granular structure similar to that of
the Andosols of the region, they may not have some of the
characteristic andic properties, particularly when they have
been, or still are, used for agriculture; in that case, they have
a higher pH and base saturation and lower content of organic
matter than when they remain forested. The Leptosol expand
on the western mountains and the eastern sierras of the
western part (Galicia and Asturias), and in the eastern part

Fig. 3.45 Lithic Leptosol
(Humic, Dystric) on quartzite.
Pola de Allande, Asturias

(Cantabria and the Basque Country) of the study zone, on
acid rocks, whereas on calcareous rocks they occupy wide
extensions in the eastern part of Asturias and Cantabria.

Table 3.4 (see Appendix page 121) shows the main
characteristics of profiles located in the study area. On acid
rocks these soils show sandy or sandy loam texture, very low
in clay except on lutites, low pH, high content in SOM with
a C/N ratio varying between 9 and 29, low base saturation,
and high content in exchangeable aluminium (AI’*), as well
as in Al and iron (Fe) hydroxides (Figs. 3.45 and 3.46).
By contrast, on limestone or dolomites, with or without
active CaCOgs, the pH has variable values and the content of
clay is higher (Fig. 3.47). In some Rendzic Leptosols, the
concentration of Fe and Al hydroxides is high, favoring the
decarbonation of these soils.

The main requirement of the Leptosols RSG (presence of
coherent rock within 25 cm of the soil’s surface), is partially
covered by the Soil Taxonomy in defining “lithic” subgroups
within various soil orders. Generally, the lithic contact is a
diagnostic characteristic at the subgroup level if it is within
50 cm of the soil surface. Thus, a general correlation
between both classification systems in the context of the
Spanish Temperate Humid Zone, considers as Leptosols
some soils classified in the lithic subgroups within Udorth-
ents and Ustorthents great groups in Entisols; Udepts and
Ustepts suborders in Inceptisols; and within Rendolls, Ud-
olls and Ustolls suborders in Mollisols. Especially in
southeast Galicia, and on the southern boundary of the study
area, the presence of soils with xeric moisture regime should
be noted, especially when dealing with very shallow soils:
lithic subgroups of Xerorthents and Xerepts.
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Fig. 3.46 Haplic Leptosol
(Humic, Dystric) on
carboniferous schist. Guntin,
Lugo, Galicia

Fig. 3.47 Rendzic Leptosol (Calcaric, Humic, Eutric) on limestone.

Espinama, Cantabria

3.5.2.5 Vertisols

Vertisols are soils characterized by a “vertic” horizon (from
the Latin “vertere,” meaning “to turn”) that is a clayed
horizon with at least 30 % of clay in a thickness of 15 cm or
more, a hard to very hard consistency and cracks of 1 cm or
more wide when dry. These soils are scarcely represented in
the study area; however, due to their singularity, three Mazic
Vertisols (called Pelosols in Kubiena’s classification) from
Galicia, Asturias and Cantabria, are included in Table 3.5
(see Appendix page 122) (Guitidn Ojea et al. 1971, 1982b,
1985a, b). These are soils characterized by the lack of
evolution of the profile due to the very compact clayed
mineral horizon that prevent the movement of the water in
the profile. Consequently, there is no differentiation in
horizons and the parent material mostly conserves the
characteristics of the clayed depot. The profile has a thin A
horizon with variable SOM content over the mineral hori-
zon, which presents well-developed cubic or prismatic
structures, in summer forming very hard blocks that are very
difficult to destroy, and wide retraction cracks that permit
separating prismatic units from the profile (Figs. 3.48a—c and
3.49). These cracks are the only way to conduct the water
down the profile; moreover, through these cracks there is
illuviation of clay and organic matter colloids, located only
in the superficial faces of the prismatic blocks, thus avoiding
the loss of these colloids. In the humid periods, the water
provokes a wide expansion of the clay, the cracks disappear,
and the soil, saturated in water, constitutes a plastic mass of
uniform aspect, reaching its total impermeability. As a result
of the alternating phases of expansion and retraction of the
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Fig. 3.48 Macic Vertisol
(Humic, Hypereutric) on clay
sediments: a profile;

b self-mulching and slickensides;
and c vertical view of the
polygonal cracks in the soil
surface. Cospeito, Terra Cha,
Lugo, Galicia

clay, slickensides that can be easily observed are formed. In
the non-calcareous Vertisols, the clay minerals are mostly
kaolinite and illite, while in the calcareous ones, chlorite and
vermiculite are mainly found, together with kaolinite; in the
profile Figs. 3.49 and 3.50, the attapulgite predominates. The
lack of expansive capacity in the clay minerals of the acid
soil is counterbalanced by a higher percentage of clay in this
soil. The soils always show self-mulching in the surface—
that is, tendency to form small granular aggregates from the
large structural blocks of the whole mass and sometimes, but
not always, they present gilgai microrelief.

The WRB’s soil reference group of Vertisols have vir-
tually the same requirements as the homonymous order in
the Soil Taxonomy, in terms of such key features as clay
content, presence of wedge-shaped aggregates and slicken-
sides, or thickness. In the context of the Spanish Humid

Zone, the study Vertisols can be considered within the
Usterts and Uderts suborders.

3.5.2.6 Fluvisols

Fluvisols (from the Latin “fluvius,” meaning “river”) are
soils formed by fluvic material, that is, fluviatile, marine, or
lacustrine sediments, these materials being received now or
in the past; characteristic of this type of soil is the stratifi-
cation of the sedimentary materials and then homogeneity of
the profile or the irregular decreasing of the organic matter
and other soil properties. In the study zone, they are repre-
sented by formations developed in the coastal marshes and
estuaries of the rivers, and in the fluvial valleys. In the areas
influenced by the tides, two subtypes have been defined:
Salic Tidalic Fluvisol (Thionic) (Sapropel soil in Kubiena’s
classification) when it is permanently affected by the tides

bl
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Fig. 3.49 Mazic Vertisol
(Humic, Hypereutric) on clay
(attapulgite) sediments.
Depression of Roupar, Lugo,
Galicia

Fig. 3.50 Ferruginous separa-
tions in the Mazic Vertisol of
Roupar (Photo Maria Teresa
Barral Silva 1987)

and therefore with reduction conditions and production of
H,S that precipitates as iron sulphide (Figs. 3.51 and 3.52);
and Salic Tidalic Fluvisol (Arenic) (Marsh soil in Kubiena’s
classification) when it is sporadically affected by the tides,
which occurs mainly in the period of high tides, and shows a
higher degree of evolution to terrestrial soils (Fig. 3.53)
(Cabaneiro Albaladejo 1979; Gonzalez-Prieto et al. 1989).
These soils, colonized by halophytic plants, are particularly
abundant in the rias of Galicia (Catoira, Cedeira, Mera, and
others), in the estuary of the Saja River near San Vicente de
la Barquera and the Bays of Santander and Santofia

(Cantabria), and the Bay of Biscay (Basque Country)
(Mufioz Taboadela et al. 1966; Leirds de la Pefia and Guitian
Ojea 1981a, b; Guitian Ojea et al. 1982b, 1985a, 1986).
Very much extended in the whole study zone are the soils
developed from fluviatile and lacustrine sediments and
located mainly in alluvial plains and fluvial valleys
(Fig. 3.54), with [(Gleyic Fluvisols, Gleyic Mollic Fluvisols,
Haplic Fluvisols (Oxyaquic)] or without (Umbric Fluvisols,
Mollic Fluvisols, Haplic Fluvisols) reducing conditions in
some parts of the profile, sometimes relating to the presence
of the water table at shallow depths. These soils are mostly
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Fig. 3.51 Salic Tidalic Fluvisol
(Thionic, Humic, Dystric).
Estuary of the Eume River, Ria de
Puentedeume, A Coruiia (Photo
Ana Cabaneiro, IIAG-CSIC)

Fig. 3.52 Tidalic Fluvisol
(Humic, Dystric). Estuary of the
Eume River, Ria de
Puentedeume, A Corufia. Galicia
(Photo Ana Cabaneiro
Albaladejo, ITAG-CSIC)

used as arable land or grassland (Figs. 3.55 and 3.56),
in which case as a result of fertilization practices they can be
in the Eutric or even Calcaric class (Fig. 3.57), and are rarely
used for forest plantations.

The characteristics of these soils in the study zone are
shown in Table 3.6 (see Appendix page 123). The pH value
of the surface mineral horizon varies mainly between 5 and
8, and the SOM content between 2 and 11 %. These soils
frequently have high values of bulk density, both in the
surface (1.4-1.7 g cm_3) and subsurface mineral horizons
(1.6-1.7 ¢ cm ), even if they have been under forest
plantations for the past 40 years. The main minerals in the
clay fraction are kaolinite, illite and vermiculite.

Characteristics associated with soils developed under
alluvial deposition are considered in the Soil Taxonomy on
different taxonomic levels, on the basis of an irregular
decrease in organic matter with depth and gentle slopes. In
the case of Entisols, such characters are defined at suborder
level in Fluvents (with no significant reducing conditions,
Udifluvents and Ustifluvents great groups), and are defined at
the great group level in Aquents (Fluvaquents, with signifi-
cant reducing conditions) and Wassents (Fluviwassents, in
areas with permanent high water potential). In tidal areas,
various taxa within the Entisols order are established, on the
basis of the presence of sulphidic materials combined with
fluventic properties (i.e., Sulfic Fluvaquents and Sulfic
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Fig. 3.53 Salic Tidalic Fluvisol (Humic, Eutric, Arenic). Estuary of the Umia River, Ria de Arosa, Cambados, Pontevedra, Galicia (Photo from

Ana Cabaneiro Albaladejo, IIAG-CSIC)

Fig. 3.54 Haplic Fluvisol (Humic, Dystric). Alluvial terrace of the
Mero River. La Coruifia, Galicia

Fluviwassents subgroups). Furthermore, fluventic character-
istics are defined in low taxonomic categories (subgroups)
within various soil orders, as Fluventic and Fluvaquentic
subgroups in numerous great groups of Inceptisols and
Mollisols.

3.5.2.7 Gleysols

Gleysols (from the Russian “gley,” meaning pasty soil mass
due to excessive water) are soils characterized by a perma-
nent but oscillatory water level that only exceptionally
reaches the organic surface horizon of variable thickness.
Under the organic horizon, which can be umbric (Umbric
Gleysols), mollic (Mollic Gleysols), or even histic (Histic
Gleysols), a mineral horizon, 25 cm or more thick, is
developed that presents in some parts reducing conditions
and a gleyed color pattern throughout the horizon. Usually
this horizon is differentiated in a brown oxidation horizon
due to the oxidized iron compounds, followed by a reduction
horizon of gray, green or blue color, generally of high
thickness, where the iron compounds are in ferrous forms,
that is in reduced forms like other elements such as man-
ganese (Mn) and even N and S. This sub-horizon is per-
manently water saturated, indicating the lowest depth of the
water table; here, the ferrous iron, Fe?*, soluble in water, is
mobilized during the humid season, being transported to the
oxidation horizon where it is irreversibly deposited in
insoluble ferric forms during the periods of aeration in the
dry season (Figs. 3.58, 3.59 and 3.60).
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Fig. 3.55 Haplic Fluvisols under
grasslands in Cornellana, Narcea
River, Western Asturias

Fig. 3.56 Haplic Fluvisol
(Anthric, Humic, Dystric).
Alluvial terrace on gneiss. Sas de
Penelas, Orense, Galicia

These soils are developed on acid and basic geological
materials in areas of flat topography and difficult drainage,
and they are usually, but not always, rich in clay or fine
mineral fractions, related to clayed sediments, and in SOM.
They can be used to cultivate cereals but are frequently under
permanent grassland due to the presence of the water table
that guarantees enough humidity in the soil surface even in

the dry seasons. The Gleysols are present in the study zone in
variable extent, but generally in small patches (Mufioz Tab-
oadela et al. 1966; Guitian Ojea and Carballas 1982; Guitian
Ojea et al. 1982b, 1985a, b, 1986); their main characteristics
are shown in Table 3.7 (see Appendix page 125).

Similar diagnostic properties to those defining the Gley-
sols RSG are basically considered within all of the Soil
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Fig. 3.59 Umbric Gleysol (Humic, Alumic, Eutric) on amphybolite.
Monte Castelo, La Corufia, Galicia

Fig. 3.57 Haplic Fluvisol (Humic, Eutric). Cares River alluvial plain,
Mier, Eastern Asturias
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Fig. 3.60 Umbric Gleysol (Humic, Dystric) on sediments of the
Antela lagoon. Ginzo de Limia, Orense, Galicia

Taxonomy’s mineral soil orders described at the Spanish
Humid Temperate Zone, thus establishing high taxonomic
categories as soil suborders: Aqualfs, Aquands, Aquents,
Aquepts, Aquolls, Aquods or Aquults, and also applied to
lower categories (great groups and subgroups). Nevertheless,

Fig. 3.58 Umbric Gleysol (Humic, Dystric) on sandstone. La Espina, significant differences are evident between the specific
Asturias requirements for the WRB’s Gleysols and for the different
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suborders according to Soil Taxonomy, thus impeding an
accurate correlation between the two systems. The former
include diagnostic properties such as “reducing conditions”
and “gleyic color patterns” that can be defined with few field
and laboratory criteria, while the latter include numerous and
complex definitions gathered in “aquic conditions,” and other
complementary requirements. Some common criteria may,
however, be established in determining the presence of Fe*
(use of alpha, alpha-dipyridyl field test, measures of
grayish-greenish colors), as indicators of reducing/
redoximorphic soil features.

3.5.2.8 Andosols

The Andosols (from the Japanese “an,” meaning “dark,” and
“do,” meaning “soil”) are soils containing layers 30 cm or
more thick, starting within 25 cm of the soil surface, with
andic properties. These properties that are commonly derived
from moderate weathering of pyroclastic deposits can be also
developed from other silicate-rich materials under acid
weathering in humid climates (Garcia-Rodeja et al. 1984,
1987; Verde et al. 2005). They present high concentrations of
Fe and Al oxides and stable organo-mineral complexes or
short-range-order minerals such as allophanes; usually, they
have a high content in very dark organic matter, low bulk
density, fluffy structure, and silty loam or finer texture,
showing thixotropic conditions and hydrophobia after drying
processes or periods of dryness, high variations of the cation
exchange capacity depending on pH, and high phosphate
retention capacity. These specific properties are recognized
by the Basque farmers with various names in Basque (e.g.,
txindurri lurre, which means ant-soils, and may reflect their
high porosity), or related to plants that live on them (e.g., kiru
lurre, which refers to the legume, Adenocarpus complicatus
(L.) Gay, that grows spontaneously on these soils).

From the viewpoint of fertility, the capacity to form
complexes immobilizes two of the main nutrients: nitrogen
(N), forming very stable complexes, thus diminishing the
available N; and phosphorus (P), provoking the immobili-
zation not only of the available P of the soil, but also that of
the fertilizers (Trasar-Cepeda et al. 1990). Due to this, nat-
ural vegetation on these soils that have andic properties from
the soil surface is generally skeletal or degraded bushes.
Nevertheless, their high values of total (60-70 %) and aer-
ation (3040 %) porosity make these soils particularly
suitable for fruit orchards. Similarly, the growth of Pinus
radiata shows a very specific behavior, as it does not
decrease significantly with altitudes up to 600 m, but is
particularly sensitive to summer drought and to the degra-
dation of the soil’s physical properties (Olarieta et al. 2006).

Agricultural practices, such as tillage, liming or fertiliza-
tion, tend to suppress the andic soil properties (Verde et al.
2005); these practices are also reflected in other properties,
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and thus in the surface mineral horizons of forest plantations,
the pH varies in the 4-5 range, except in those plots that have
been used for agriculture at some point in history, where it
may reach values of 7. Quartz is the predominant mineral in
the clay fraction of Andosols on volcanic rocks, but ver-
miculite appears as one of the main minerals in the clay
fraction of these soils, which is not the case in soils from all
other parent materials; illite and chlorite are the other main
minerals present in that clay fraction.

Soils with andic properties are found in the eastern part of
the study zone, the Basque Country, on volcanic rocks,
mainly Leptic Aluandic Andosols (Dystric) and Umbric
Aluandic Andosols.

In the western extreme, Galicia, on various acid rocks and
some basic rocks, a thoroughly researched Umbric Melanic
Andosol (Dystric, Thixotropic) (called Atlantic Ranker in
Kubiena’s classification), is expanded in small patches in
diverse areas (Fig. 3.61) (Mufioz Taboadela et al. 1966;
Guitian Ojea and Carballas 1968a, Guitian Ojea et al. 1982b,
1986; Carballas et al. 1983b).

This particular Andosol, found in Galicia, shows a high
concentration of Fe and Al hydroxides, organo-Fe and par-
ticularly organo-Al complexes and amorphous minerals (al-
lophanes) (Carballas et al. 1983a). They have a low bulk
density (0.7-0.9 g cm™"), sandy texture (Carballas et al.
1984), and the clay fraction, always in the minority, is formed
by degraded micas and vermiculite, together with small
quantities of phyllosilicates 1:1 and gibbsite (Carballas et al.
1986). The black SOM has a high percentage of humification
that predominates over biodegradation, thus favoring the
accumulation of organic matter and producing humic sub-
stances, fulvic and humic acids, already from the surface of
the profile, with a low FA/HA ratio; there are no illuviation
processes of these elements and complexes due to the high
stability of the organo-Al complexes (Carballas et al. 1979,
1983a; Jacquin et al. 1978; Acea and Carballas 1987). They
always show signs of fire (carbon), and from detailed analyses
of all the soil components, including micro-morphological
analysis, it was concluded that they were formed by the
accumulation of organic and mineral materials from soils
located in the upper part of the slope, which are the result of
edaphogenetic processes, and deposited in areas where the
slope is smooth or at the bottom of the slope, where they have
followed their evolution likely in other climatic conditions
(Carballas 1982; Kaal et al. 2008).

Due to the abundance of Al in the soils of the zone,
particularly in the soils of Galicia, almost all the soils with
abundance of SOM have a positive reaction to the NaF
independently of the parent material, frequently showing
andic properties, accentuated in soils over basic or ultrabasic
rocks (Fig. 3.62) (Garcia-Rodeja et al. 1984, 1987; Macias
Vazquez et al. 2013).
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Fig. 3.61 Umbric Melanic
Andosol (Dystric, Thixotropic) on
granite of two micas. Monte
Xiabre, Pontevedra, Galicia

Fig. 3.62 Genesis of an Andosol on a ferrallitic soil on metabasic
rocks; the polycyclisme is observed by the presence of a stone line.
Ultrabasic Complex of Capelada-Cabo Ortegal, La Corufia, Galicia

Table 3.8 (see Appendix page 126) shows the main
characteristics of some Andosol profiles.

Andic properties are defined in a substantially common
way in both WRB and Soil Taxonomy classification sys-
tems, in terms of high Al+Fe content (oxalate extracted), low
bulk density, high phosphate retention capacity, and organic
carbon content (less than 25 %). Within the context of the
Spanish Temperate Humid Zone, soils with such properties
can be classified within the Andisols order of Soil Taxonomy
and, specifically, in Udands and Ustands suborders.

3.5.2.9 Podzols

The name Podzols (from the Russian “pod,” meaning
“below,” and “zola,” meaning “ash”) refers to white hori-
zons like the albic horizons. However, in the BWR these
soils are characterized by the presence of a spodic horizon
(from the Greek “spodos,” meaning wood ash). These soils
are formed by the illuviation of amorphous substances
composed of SOM, Fe and Al from the superficial alluvial
horizon (Ae or E), that like that losses these colloids and then
becomes white or gray, which is the color of the minerals of
the coarse particles that remain there (mainly quartz),
forming an albic horizon. Below this horizon, a
brownish-black to reddish-brown spodic horizon (Bs) is
developed, due to the illuvial materials, organic matter, Fe
and Al, deposited there because they become insoluble; in
this horizon, a Bh horizon can be differentiated by the
accumulation of the alluvial organic matter, and a Bs horizon
rich in sesquioxides of Fe and Al. Over the albic horizon
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Fig. 3.63 Haplic Podzol on
sandstone (a); Haplic Podzol
buried by a Haplic Cambisol
(Humic, Alumic, Dystric) (b).
Ferreira del Valle de Oro, Lugo,
Galicia

Yok Gy e

) Fig. 3.65 Umbric Podzol on quartzites. El Barquero, La Coruiia,
Fig. 3.64 Haplic Podzol on sandstones. Erandio, Vizcaya, Basque  Galicia

Country

they usually have an organic horizon that is not very thick, cases, the separation of Fe is so net that an enduring,
but they can also exhibit an umbric horizon. In the study cemented horizon (Placic Podzol) or a petrified horizon
zone, Haplic, Gleyic, Stagnic, or Umbric Podzols have been (orstein) (Orsteinic Podzol) is formed (Guitidn Ojea and
identified (Figs. 3.63a, 3.64, 3.65, 3.66 and 3.67). In some Carballas 1968b; Macias et al. 1987).
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Fig. 3.66 Umbric Podzol in 4
quartzite colluvium, under o
characteristic vegetation: .
shrubland with heaths (Erica sp.)
and gorses (Ulex sp.). Onis,
Eastern Asturias

Fig. 3.67 Umbric Podzol on altered schist very rich in quartzite.
Sanfitoiro, Orense, Galicia

The composition of the vegetal residues that the different
arboreal and busted species supply to the soil varies greatly,
influencing the form of humus produced, and conditioning
the mobilization of Fe and Al oxides and clays, which
mainly occurs by the water extracts of Erica sp. plants. In
fact, in previous studies (Carballas and Guitian Ojea 1966)
of the podzolizant action of water extracts of various vegetal
debris (especially leaves), as well as their mineral compo-
sition and their variation when they are incorporated into the

soil, it was concluded that the mixed forest of deciduous
leaves contributes to the creation of eutrophic soils of mull
humus, whereas Erica sp. are characterized by its podzoli-
zant power. Nevertheless, these soils that develop in humid
and coal areas, under heaths, where Erica sp. predominates,
or gorse scrubs, can be found only in areas with very acidic
geological materials poor in bases—mainly sandstones and
quartzite—under all types of scrubs, alone or reforested with
pines, being these types of rocks the main formation factor
for Podzols. Consequently, despite the potential capacity of
the study zone for this type of soil, they occupy a small
surface (Mufioz Taboadela et al. 1966; Guitidn Ojea and
Carballas 1982; Guitian Ojea et al. 1982b, 1985a, b, 1986).
They are sandy textured, with acid pH, poor in basic cations,
and have low fertility.

Table 3.9 (see Appendix page 127) shows the main
characteristics of some profiles of Podzols, and Fig. 3.63a
shows the Profile 1131 described in the table, whereas
Fig. 3.63b shows the same Podzol profile buried by a Haplic
Cambisol (Humic, Alumic, Dystric) developed over the
Podzol of Fig. 3.63a as parent material, from materials
coming down the slope of the mountain, which has been
developed under pedogenetic processes in different climatic
conditions (Abadin et al. 1998).

The diagnostic criteria of a spodic horizon, according to
the WRB, coincide with the definition of the homonymous
horizon in the Soil Taxonomy, except for minor aspects.
Thus, the correlation between the WRB’s Podzols and the
Spodosols order of the Soil Taxonomy is practically direct,
depending on the characteristics delimited by the moisture
regimes. In the area of the Spanish Temperate Humid Zone,
the study soils correspond to Humods and Orthods suborders
of the Soil Taxonomy, whereas Podzols with placic and
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Fig. 3.68 Haplic Stagnosol (Dystric, Clayic) on clayed tertiary
sediments. Terra Cha, Lugo, Galicia

ortsteinic qualifiers correspond approximately to Placo-
humods and Placorthods great groups.

3.5.2.10 Stagnosols

These soils are characterized by the presence of reducing
conditions for some times over the year, in some parts within
—50 cm of the mineral soil surface, and consequently a
stagnic color pattern (from the Latin “stagnare”, meaning
“to stagnate”) in half of more of the soil volume. The
Stagnosols are typical of humid temperate zones, usually
with clay loam or clay textures, compact, and characterized
by an alternating oscillation of stagnancy due to their scarce
interne permeability. In the dry periods, the upper mineral
soil layers are free of water. The A horizon, which could be
an umbric or mollic horizon, although it usually does not
have the necessary thickness, is followed by a mineral
horizon of gray to green, with some ochre or dark brown
spots, developed over a more compact and impermeable
horizon than the preceding one with nodules and mottled in
various greens, blues, etc., colors that resemble some kinds
of marble (Fig. 3.68). This relative impermeability with
regard to the upper mineral horizon, provokes the accumu-
lation of water in the latter horizon, which did not find free
drainage. This stagnant layer (nappe perchée, in the French
soil classifications) is the necessary condition for the for-
mation of the Stagnosols. During the dry period, this layer
disappears almost totally by evaporation and the soil surface
becomes dry (Guitian Ojea et al. 1982b).

Fig. 3.69 Haplic Stagnosol (Humic, Dystric) on recent sediments.
Nifiodaguia, Orense, Galicia

Stagnosols are widely spread over the study zone, in
valleys originated by erosion of soils mainly developed on
acid and basic rocks, producing clayed sediments and Haplic
or Umbric Stagnosol (Alumic, Dystric, Clayic) or on calcaric
rocks, giving rise to Haplic Stagnosol (Calcaric, Eutric,
Clayic) or other classes (Figs. 3.69 and 3.70). (Muifloz
Taboadela et al. 1966; Guitian Ojea and Carballas 1982;
Guitidn Ojea et al. 1985a, b). Table 3.10 (see Appendix page
129) shows the main characteristics of some Stagnosol
profiles.

Diagnostic properties that define Stagnosols are consid-
ered within different Soil Taxonomy Orders; in the study area,
they correspond to soils with conditions similar to “episatu-
ration,” based on a “water table perched on top of a relatively
impermeable layer.” These are soils with remarkable hydro-
morphic features, contrasted horizons, clay-textured, and
without an albic horizon: Alfisols (Epiaqualfs great group),
Ultisols (Epiaquults great group), and Inceptisols (Epiaquepts
great group).

3.5.2.11 Phaeozems

The Phaeozems (from the Greek “phaios” meaning “dark”
and the Russian “zemlja” meaning “earth”) are characterized
by the presence of a mollic horizon (from the Latin “mollis”
meaning “soft”) and a base saturation of the CEC of 50 % or
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Fig. 3.70 Haplic Stagnosol (Humic, Dystric) on schist. La Castellana,
A Coruiia, Galicia

more, saturated by basic cations. In the study zone they are
scarce due to the high precipitation that can provoke the
leaching of the basic cations with the infiltration water and
the decrease of the pH, in which case the mollic horizon
tended towards an umbric horizon. However, small patches
of recently developed Phacozems can be found in Galicia,

Fig. 3.71 Leptic Phacozem on
serpentinic microkarst. Sierra de
La Capelada, A Coruia, Galicia

over ultrabasic rocks (Leptic Phaeozems) such as serpen-
tines, rich in magnesium (Fig. 3.71) (Macias Vazquez et al.
2013), and on some calcareous rocks such as limestone,
dolomites and others, Leptic or Haplic Phaeozems (Calcaric,
Clayic) (Fig. 3.72), and under grassland on the latter rocks,
Phaeozems (Anthric, Calcaric) in Asturias, Cantabria, and
the Basque Country. Most of them have a clay texture, high
pH (6-8), and SOM content ranging from 2 to 10 %.

Table 3.11 (see Appendix page 130) shows the main
characteristics of some profiles of Phacozems.

The requirements of a mollic horizon, according to WRB,
are significantly equivalent to those that define the homon-
ymous horizon of the Soil Taxonomy. A high base saturation
of the exchange complex throughout a large soil thickness is
also a common requirement between Phaeozems and the
Mollisols order of the Soil Taxonomy, although the latter is
somewhat more demanding on the thickness in which this
high saturation occurs. Likewise, the absence of a calcic
horizon in the Phaeozems that characterizes the RSGs of
Chernozems and Kastanozems should be noted. Conse-
quently, and taking into account the context of the Spanish
Humid Zone, a proper correlation between the Phaeozems
and the Udolls and Ustolls suborders within Mollisols, and
specifically, with Hapludolls, Argiudolls, Paleudolls, Ha-
plustolls, Argiustolls, and Paleustolls great groups of the
Soil Taxonomy, can be established.

3.5.2.12 Alisols and Acrisols

The Alisols (from the Latin “alumen,” meaning “alum’) and
the Acrisols (from the Latin “acer,” meaning “very acidic”)
are both characterized by a subsurface argic horizon (from
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Fig. 3.72 Haplic Phacozem (Calcaric, Clayic) on limestone. Santan-
der, Cantabria

the Latin “argilla” meaning white clay), whose main char-
acteristic is a distinct higher clay content than the overlying
horizon; this textural differentiation is due to various causes,
mainly illuvial processes. Such argic horizons must have a
base saturation of less than 50 %, in most parts between —50

Fig. 3.73 Haplic Acrisol
(Humic, Eutric, Clayic) on
tertiary sediments. Puertomarin,
Lugo, Galicia

and —100 cm. The properties that distinguish both soil ref-
erence groups are based on the cationic exchange capacity
(CEC) referring to the clay fraction. Thus, in the case of
Alisols, the CEC has to be at least 24 cmol, kg™ ' clay, while
Acrisols show lower values as a consequence of dominating
low-activity clays. The Alisols mainly develop on basic
rocks, while the Acrisols generally develop on acid rocks or
ancient sediments.

In the study zone, the Alisols are scarcely represented,
and commonly developed on acid rocks, while the Acrisols
are even more restricted, which justifies presenting both soil
groups in the same table. They can be found spread in small
patches in the territory on various types of rocks, as can be
seen in Table 3.12 (see Appendix page 131), where six
profiles, five Alisols and only one Acrisol were included.

In the Basque Country, they have been found on dolerite
and classified as Leptic Umbric Cutanic Alisols (Humic),
showing in some cases an A-Bw-Bt profile with a cambic
horizon overlying the argic horizon; although the clay con-
tent does not change significantly with depth and it is always
in the 30-40 % range, clay coatings are prominent in the Bt
horizons; the pH values decrease with depth in the mineral
surface horizon in soils that were used for agriculture in the
past, while they increase at depth in soils never cultivated.

The other profiles are developed on acid rocks, exhibit a
clear Bt horizon and leaching of basic cations, mainly Ca, and
show a base saturation of less than 50 % in most parts
between —50 and —100 cm. Leptic Umbric Cutanic, Haplic,
Leptic Umbric, and Umbric Gleyic Alisols, as well as Haplic
Acrisols (Fig. 3.73), in the Humic or Clayic clases, have been
differentiated (Ifiiguez et al. 1980; Guitian Ojea et al. 1982b).
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Concerning the definition of “Argic” (WRB) and “Arg-
illic” (Soil Taxonomy) diagnostic horizons, regarding Ali-
sols and Acrisols, a different criterion in considering the
evidence of clay illuviation must be taken into account. Such
a feature is considered optional in the WRB, but is manda-
tory in the definition of argillic horizons in the Soil Tax-
onomy, which characterizes Alfisol and Ultisol orders. Such
differences imply that some of the argic horizons should be
characterized as cambic horizons according to the Soil
Taxonomy. Another significant difference refers to the
degree of base saturation; for both Alisols and Acrisols, the
required percentage of base saturation is lower than 50 %,
whereas Alfisols and Ultisols differ by a percentage higher or
lower, respectively, than 35 %. Therefore, and considering
the moisture regimes defined in the Spanish Humid Zone, a
proper correlation between both Alisols and Acrisols and the
next Soil Taxonomy orders: Ultisols (Udults and Ustults
suborders), Alfisols (Udalfs and Ustalfs suborders), and In-
ceptisols (Dystrudepts and Dystrustepts suborders) can be
established.

3.5.2.13 Luvisols

Luvisols (from the Latin “luere,” meaning “to wash”) also
have an argic horizon (Bf) with a CEC of
24 cmol kg 'clay™" or more throughout or to a depth of
—50 cm below its upper limit, but there are no limitations
concerning the base saturation. They have higher clay con-
tent in the subsoil than in the topsoil, mainly due to clay
migration, high-activity clays throughout the argic horizon,
and a high base saturation at certain depths, without marked
leaching of base cations or advanced weathering of

Fig. 3.74 Outcrops and Haplic
Luvisol on limestone. Tielve,
Picos de Europa. Eastern Asturias

high-activity clays. Highly leached Luvisols might have an
albic eluviation horizon (Ae) between the surface horizon
and an argic subsurface horizon (Bf).

These soils are commonly associated with calcareous
material and are widespread in the eastern area of Asturias,
Cantabria and the Basque Country (Table 3.13; see
Appendix page 132). Most Luvisols developed on limestone
(Terra fusca and Terra rossa in Kubiena’s classification)
(Guerra y Monturiol 1959; Guerra et al. 1968; Iiiiguez et al.
1980; Guitian Ojea et al. 1985a, b) are classified in the
Haplic Luvisols (Humic, Clayic) (Fig. 3.74) or Leptic Lu-
visols (Humic, Clayic) (Figs. 3.75 and 3.76) classes, but they
can also present clay coatings in the argic horizon and are
mostly classified as Leptic Cutanic Luvisols (Humic).

In the Basque Country, they appear in pockets on very
steep slopes in a complex pattern at a very short distance
with limestone outcrops, Leptosols and Cambisols, and are
mostly used for forest plantations, rough grazing, or to
support native Quercus ilex forests. Very deep Cutanic
Vertic Luvisols (Humic) develop in dolines, and these are
the only areas in this landscape that may be used for agri-
culture nowadays. These soils have the highest pH values in
the region. Surface mineral horizons in plots that have not
been used for agriculture have pH values mostly in the 5.6—
6.2 range, but may be as low as 4.2-4.6; otherwise, pH
values increase from 7.0 on the surface to 8.4 on horizons
close to the underlying limestone. Organic matter concen-
tration in the surface mineral horizons is 3.5-6.9 % and
rarely exceeds 8.6 %. Bulk density and packing density of Bt
horizons, as well as porosity, suggest that these horizons
provide very poor conditions for root development; this is
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Fig. 3.75 Leptic Luvisol
(Humic, Clayic) on limestone.
Suances, Santander, Cantabria

emphasized by the small amounts of organic carbon accu-
mulated, being the Bt horizon in the soil surface or not.
These soils have few rock fragments throughout the profile
and belong to the Siltic or Clayic classes, as the silt content
is 40-60 % and that of clay is mostly 25-50 % but may
reach 60 %. Illite is the dominant mineral in the clay

Fig. 3.76 Leptic Luvisol (Humic, Clayic) on limestone. Vizcaya,
Basque Country. (Photo Guerra et al. 1968)

fraction; there are also significant proportions of quartz, and
not so much chlorite. Some Luvisols have developed from
volcanic rocks (dolerite), and are classified as Leptic Cutanic
Luvisols (Manganiferric, Humic); these soils have a narrow
range of pH values, 5-0, clay content, 30—40 %, and organic
matter concentration in the surface mineral horizons of 3.5—
6.0 % (Olarieta, J.R., personal communication).

As mentioned above (4.2.12), and according to Soil
Taxonomy, Alfisols are characterized by an argillic diag-
nostic horizon in which the base saturation of the exchange
complex is more than 35 %. Therefore, soils characterized
within the RSG of Luvisols, with evidence of clay illuvia-
tion, may be virtually associated with Alfisols within the Soil
Taxonomy. Luvisols with no evidence of clay illuviation
must be generally considered as Inceptisols characterized by
a cambic horizon. In the context of the Spanish Temperate
Humid Zone, Luvisols can thus be classified in the Alfisols
(mainly Hapludalfs, Paleudalfs, Haplustalfs and Paleustalfs
suborders) and the Inceptisols (Eutrudepts and Haplustepts
suborders) orders.

3.5.2.14 Umbrisols

The Umbrisols are characterized by a dark-colored surface
horizon, which can be an umbric horizon (from the Latin
“umbra,” meaning “shade”) with low base saturation (less
than 50 %), or a well-structured mollic horizon (from the
Latin “mollis,” meaning “soft”) with high base saturation
(50 % or more), and a moderate to high content of organic
matter in both cases; the upper limit varies between 20 and
30 % of SOM. These soils are spread by all the territory of
the Spanish Temperate Humid Zone on all types of rocks,
usually under scrubs with or without Pinus sp. or Eucalyptus
globulus trees, and are located at varying altitudes, from 100
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Fig. 3.77 Leptic Umbrisol
(Humic, Hyperdystric) on granite.
Codeso, A Coruia, Galicia

to more than 1,000 m asl. They are soils affected by
anthropogenic action in most cases, particularly in those
located in flat areas, smooth depressions, and fluvial valleys,
as well as in the coastal rasas, for cultivation, and in the flat
summits and smooth slopes of high mountains for permanent
prairies or pastures, i.e., for grassland.

The Umbrisols that developed on acid rocks predominate
in the western area of the study zone, mainly in Galicia and
the western part of Asturias, where Leptic Umbrisols, Cam-
bic Umbrisols and Endogleyed Umbrisols, in the Humic,
Alumic and Hyperdystric clases, are majority (Figs. 3.77,
3.78 and 3.79). They present a wide range of pH, 4.0-6.5,
and SOM content, 2-33 %, generally very low base satura-
tion, and a high content in exchangeable Al and sandy-loam
texture. In the soils of Galicia with high content in SOM but
very low content of available Ca and Mg, the large amount of
Al provokes the immobilization of N and P, diminishing the
fertility of these soils. On basic rocks, they can present andic
properties, and be classified as Andic Umbrisol, in the
Humic, Alumic and Dystric classes (Figs. 3.80 and 3.81).

In Cantabria and the Basque Country, some Mollic
Umbrisol, in the Humic, Eutric and Clayic classes with high
pH and base saturation, can be found. Moreover, in the
Basque Country, there are Umbrisols on volcanic rocks,
lutites, sandstones and conglomerates, which are more fre-
quently developed at altitudes below 600 m asl. Those that
develop from volcanic rocks are classified as Leptic Um-
brisols and belong to the Humic class; their pH increases
from 4.0-5.1 in the surface mineral horizon to 4.7-5.3, with

Fig. 3.78 Leptic Umbrisol (Humic, Hyperdystric) on phyllites.
Grandas de Salime, Oviedo, Asturias
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Fig. 3.79 Haplic Umbrisols in
quartzite colluvium. Pola de
Allande, Western Asturias

Fig. 3.80 Andic Umbrisol
(Humic, Alumic) on
amphibolites. Mellid, La Coruia,
Galicia

Al saturation values below 15 %. The Umbrisols that
developed from lutites, sandstones and conglomerates are
mostly Leptic Umbrisols and rarely Haplic Umbrisols; they
generally belong to the Humic class, while those developed
from conglomerates also have a skeletic character. The pH
values in the surface mineral horizon vary depending on the
land use, but may be as low as 4.0 in shrublands and forest
plantations, and the organic matter concentration in these
horizons reaches up to 6.0 % (Olarieta J.R., personal com-
munication). Table 3.14 (see Appendix page 134) shows the
main characteristics of some profiles of Umbrisols.

The requirements of an umbric horizon in the WRB are
significantly comparable, in basic terms, to those defining

the homonymous horizon of the Soil Taxonomy; however,
in other cases, slight variations concerning the thickness
requirements have to be considered. While the Umbrisols
include the possible presence of a mollic horizon, these soils
lack a high content of bases in the whole profile, which
excludes them as Mollisols. Likewise, the absence of sub-
surface horizons other than cambic, in general allow its
correlation with the Inceptisols order of the Soil Taxonomy.
Taking into account the soil moisture regimes defined in the
Spanish Temperate Humid Zone, an adequate correlation
between the WRB’s Umbrisols and the Humudepts and
Humustepts great groups within the Inceptisols order of the
Soil Taxonomy can be established.
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Fig. 3.81 Andic Umbrisol
(Humic, Dystric) on amphibolite.
La Capelada, La Corufia, Galicia

Fig. 3.82 Protic Arenosol
(Dystric). Dunes in Ponteceso
Beach. La Coruiia, Galicia (Photo
Serafin J. Gonzalez Prieto,
ITAG-CSIC)

3.5.2.15 Arenosols

The Arenosols (from the Latin “arena,” meaning “sand”) are
mainly characterized by the texture that can be loamy sand
or coarser and by the percentage of gravels, less than 40 % in
volume. This type of soil is only found in the numerous
beaches and dunes that are spread along the 2,400 km of
coast bathed by the Atlantic Ocean and the Cantabrian Sea
that limit by the west and the north, respectively, the study
zone. In general, Protic Arenosols and Haplic Arenosols,
Dystric or Calcaric, are present in the beaches and in the
dunes, respectively (Fig. 3.82).

The taxonomic criteria related to poorly evolved and
sandy-textured soils are covered in the Soil Taxonomy
within the Entisols order, particularly in the suborder
Psamments. Considering the dominant regimes of soil
moisture in the Spanish Humid Zone, the WRB’s Arenosols
can be properly associated with the Udipsamments and
Ustipsamments great groups of the Soil Taxonomy.

3.5.2.16 Cambisols
The Cambisols are characterized by a subsurface cambic
horizon (from the Italian “cambiare,” meaning “to change”)
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Fig. 3.83 Leptic Cambisol (Humic, Dystric) on porphydic granite.
Chantada, Lugo, Galicia

of 15 cm or more, with evidence of alteration compared with
the underlying horizon; besides, it cannot be part of a plough
layer, and it does not consist of organic material. Cambisols,
together with Umbrisols, Regosols, and Leptosols, and their
numerous classes, are the soils that cover most of the surface
of the study zone. They develop from all types of parent
materials, whether acid, such as granite, slates, sandstone,
acid or basic schist, phyllites, lutites, volcanic rocks and
basic and ultrabasic rocks, or calcareous materials such as
limestone, marly limestones and dolerites. In the western
area of the study zone (Galicia) and the western area of
Asturias, the Cambisols on acid rocks predominate, whereas
in the eastern area of Asturias and in Cantabria as well as in
the Basque Country, the Cambisols on calcareous rocks
dominate the landscape; finally, in the eastern extreme of the
study zone, the Basque Country, Cambisols on volcanic
rocks can be found.

In most of the Cambisols, the cambic horizon (Bw) is well
developed, with a thickness between 15 and 135 cm, and
with an overlying organic A horizon of 5-20 cm deep, whose

Fig. 3.84 Haplic Cambisol (Humic, Dystric) on rasa deposits (sand,
quartzite, slates). Tol, Western Asturias

content in organic matter varies between 2.9 and 22.2 %.
The pH varies from 4.0 to 6.7 on acid rocks and from 5.8 to
8.0 on calcareous rocks, with the base saturation varying in
the ranges of 2-40 % and 27-100 %, respectively. On acid
rocks, the exchangeable Al can reach 100 cmol kg™ soil.
The texture varies from sand to clay loam and the structure
in the Bw horizon, mainly granular and prismatic columnar
in soils developed on acid rocks, is subangular polyhedron in
Cambisols on calcareous rocks. Consequently, with these
characteristics, Leptic or Haplic Cambisols (Alumic, Humic,
Dystric) are in the majority on acid parent materials
(Figs. 3.83 and 3.84) and Leptic or Haplic Cambisols
(Humic, Eutric) predominate on calcareous rocks
(Figs. 3.85, 3.86 and 3.87), whereas on basic rocks, Leptic or
Andic Cambisols (Alumic, Humic, Dystric) are produced
(Figs. 3.88, 3.89 and 3.90).

The Cambisols developed from marly limestone appear
mostly on steep slopes and, therefore, are rarely used for
agriculture nowadays; they are Leptic Cambisols in most
cases. The most distinctive feature of these soils is the
presence of silt coatings in the cambic horizon, and, in some
cases, they have developed oxyaquic conditions. The pH of
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Eig. 3.85 Leptic Cambisol (Calcaric, Humic, Eutric) on limestone.
Alava, Basque Country (Photo liiiguez et al., 1980)

these soils increases with depth, from 4 in the surface
horizon to 8 in the deep horizons; these values are related to
the present and past land use of the plot, never dropping
below 5 if they are used for grassland, whereas in forest

Fig. 3.86 Haplic Cambisol
(Calcaric, Humic, Eutric) on
metamorphic limestone. Becerrea,
Lugo, Galicia

plantations, pH is 5.5-7.5 if they were used for grassland or
agriculture in the past, but only 4-5 otherwise. Therefore,
they are mostly in the Dystric or Eutric classes, but rarely in
the Alumic class. Illite is the main mineral in the clay
fraction, and quartz and chlorite appears in significant
amounts, particularly the latter in the subsurface horizons.

The Cambisols that developed from volcanic rocks are
usually Leptic Cambisols (Humic); their pH increases from
4.0-4.5 in the surface to 4.5-5.2 in the cambic horizon. All
these soils maintain a strong, fine, granular or subangular
structure and a dark color (with a hue of 7.5 YR or 10 YR,
and value and chroma of 3/3 to 4/4) throughout the profile,
and belong to the Humic class, with Al saturation values
below 15 %.

Finally, Haplic Cambisols, and in some cases Endogleyic
Cambisols, have been developed from fluvial sediments;
these soils show a decreasing concentration of organic
matter in depth, from values of 1.7-2.5 % in the surface
horizons to 0.13-0.19 % at a depth of =70 cm, and their
structure shows weak development in the cambic horizons.
The pH values increase with depth from 6.0-7.5 to 7.0-8.2,
and small fragments of lime frequently appear at the base of
the surface horizon and in the cambic horizon (Olarieta J.R.,
personal communication). The main characteristics of some
profiles of Cambisols are shown in Table 3.15 (see Appen-
dix page 136).

The requirements of the WRB for the definition of
Cambisols exhibit remarkable coincidences with the corre-
sponding definition of the order Inceptisols of the Soil
Taxonomy. In the context of the Spanish Temperate Humid
Zone, among the various diagnostic horizons that charac-
terize both Cambisols and Inceptisols, the cambic horizon is
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Fig. 3.87 Leptic Cambisol (Humic, Eutric) on alluvial-colluvial
deposits from limestone. Tielve, Eastern Asturias

the one that occurs most frequently. Likewise, the definition
of cambic horizon in both systems is coincidental in key
aspects such as thickness, texture, soil structure, and prop-
erties that exclude the presence of other horizons. As a
general rule, soils classified as Cambisols can be included
within the Inceptisols order, whose definition is significantly
wider, and, more specifically, in the next great groups:
Dystrudepts, Eutrudepts, Dystrustepts, and Haplustepts.
Local conditions of increased summer dryness in the
southern part of the study area can be associated with In-
ceptisols with xeric soil moisture regime: Dystroxerepts and
Haploxerepts suborders.

3.5.2.17 Regosols

The Regosols (from the Greek “rhegos,” meaning “blanket’)
are mineral soils without any diagnostic horizon, very
weakly developed on unconsolidated material of fine grain,
usually in arid lands or mountainous areas, and mainly used
for extensive grazing or under forest. In the study area, they
are quite widespread, on all types of acid rocks associated
with erosion processes in mountainous areas mainly in the
last Quaternary glacial period and the intense deforestation
due to fire. In Galicia, Asturias and Cantabria, they are

Fig. 3.88 Leptic Cambisol (Alumic, Humic, Dystric) on amphybolite.
A Coruiia, Galicia

mostly Leptic Regosols with sandy textures and pH in the
range of 4.0-6.5, a variable content in SOM (1-16 %), and
base saturation (4-63 %), predominating the Humic and
Dystric classes (Figs. 3.91, 3.92, and 3.93). In some areas,
like the western part of the study zone, these soils appear in
the landscape associated with Leptosols. Those developed
on calcaric materials are Haplic or Leptic Regosols, mainly
in the Humic and Eutric classes (Fig. 3.94).

In the Basque Country, these soils are widespread and
have developed from lutites, marls and marly limestones,
sandstones, conglomerates, and volcanic rocks and their
colluvium. Most of the former soils are classified in the
Eutric class, and some in the Calcaric class, with small
fragments of lime at the bottom of the mineral surface
horizon or in the subsurface horizon, in plots that, in some
cases, have not received any liming for a few decades.

Lutites, mixed with sandstones to varying degrees, are the
most common parent material and are associated with vari-
ous geomorphological positions, from steep slopes to roun-
ded crests. Most of these soils show little horizon evolution
and are classified as Leptic Regosols; they have an AC
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Fig. 3.89 Andic Cambisol
(Humic, Dystric) on amphibolite.
La Capelada, La Corufia, Galicia

Fig. 3.90 Andic Cambisol
(Humic, Dystric) on amphybolite.
Mellid, Galicia

profile with a depth of 20—40 cm to the bedrock, and the pH
values are in the 5.1-8.2 range under grassland or arable, but
it is only 3.6-4.9 in forest plantations that have not been
previously used for agriculture, and the SOM concentration
is mostly in the range of 4-6 %. They have few rock frag-
ments and a sand content lower than 30 % in most cases;
therefore, they can be classified in the Humic, Dystric or
Eutric classes, and frequently belong to the Siltic class but
rarely to the Clayic class. Soil management not only affects
the chemical properties of these soils, but it is also the major

determinant of their physical properties, such as bulk density
and porosity with a more intense effect than soil texture
(Olarieta et al. 1999). Various degrees of drainage problems
appear in these soils, with redoximorphic features frequently
within the surface 15 cm of soil, but they are not necessarily
associated with flatter slopes or finer textures, whereas in
other instances these features appear in the subsurface
horizons (Endogleyic Regosols). The clay fraction is com-
pletely dominated by illite and quartz in various proportions
(Table 3.16; see Appendix page 138).
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Fig. 3.91 Leptic Regosol (Humic, Dystric) on schist. Santander,
Cantabria

Soils developed from marls and marly limestones are
frequently classified as Leptic Regosols. Their pH values
range from 5.6 to 7.2 when used for arable or grassland,
from 4.8 to 5.6 when at present used for forestry but for-
merly for grassland or arable, and from 3.8 to 4.8 when
they have only been under forestry or shrubland. They
frequently fit in the Siltic or Clayic classes, as their sand

Fig. 3.92 Leptic Regosol
(Dystric) on altered granite. Alto
de Cerango, Orense, Galicia

Fig. 3.93 Leptic Regosol (Humic, Dystric) on granite of two micas
and coluvium of quartz. Alto do Rodicio, Orense, Galicia

content is mostly below 24 % and may be as low as 5 %.
Table 3.16 shows the main characteristics of some profiles
of Regosols.
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Fig. 3.94 Haplic Regosol (Humic, Eutric), in calcaric sandstone
colluvium. Bezanes, Eastern Asturias

The key to the reference soil groups of the WRB con-
siders the Regosols as the RSG comprising those soils that
cannot be included in other groups. Therefore, they are
under “definition by exclusion” criteria, like the way that
Soil Taxonomy deals with the Entisols order. Thus, a suit-
able correlation between Regosols and Entisols can be
established, considering, however, that the latter constitute a
broader concept, so that soils classified as Regosols can be
generally integrated in the Entisols order in terms of Soil
Taxonomy. With the base of the dominant soil moisture
regimes in the study area, Regosols will be included in
Udorthents and Ustorthents great groups. Locally, summer
dryness conditions in the southern part of the study area
determine their belonging to the Xerorthents great group.
3.5.3 Main Biochemical and Biological
Characteristics of the Soils of the Zone

Although the study of the biological properties of the soils
began much later than that of the physical and chemical
properties due to the retard in the knowledge of the Biology,
and even recognizing the spectacular experimental advances
in recent years, the understanding of soil biology has not yet
reached the level of the other fields of the Soil Science.

Within the biology of the soils, it is essential that there be
more microbiology studies, due to the importance of the soil
processes determined by the microorganisms, such as bio-
degradation, mineralization and humification of the SOM,
weathering of rocks and minerals, soil structure formation,
atmospheric N fixation, etc.

The soils of the Spanish Temperate Humid Zone gener-
ally have a high SOM content, mainly due to the incorpo-
ration of large quantities of vegetal and animal debris that
favor the development of the microbial population whose
activity should be also favored by the climatic conditions of
this area. Consequently, the edaphogenesis of most of these
soils will be influenced by the evolution of the organic
matter that, among other factors, will depend on the activity
of the microbial population.

3.5.3.1 Microbial Population

Studies of the surface horizons of soil profiles representative
of the study zone (Leptosols, Andosols, Podzols, Phaeoz-
ems, Luvisols, Umbrisols, Cambisols, and Regosols) and of
the whole profiles in the case of a Podzol and an Andosol,
have led to a general knowledge of the microbial population,
taxonomic and physiological groups, involved in the C, N
and S cycles, of this area (Acea and Carballas 1986a, b,
1987, 1990). The total microbial population is in the range of
10°-10® microorganisms g~ soil, dominating the bacteria on
the other taxonomic groups; actinomycetes, whose density
varies between 10° and 10° followed in numerical impor-
tance to bacteria; fungi were in the range of 10%-10° ; and
algae is the group of lower density.

The higher density of all the microbial groups of the
C-cycle corresponds to the pectinolytics, which are followed
in importance by the amilolytics, while the aerobic cellulo-
lytics’ value is much lower and the number of anaerobic
cellulolytics is even lower. Within the microorganisms of the
N-cycle, highlighted by its abundance of proteolytics and
ammonifiers, whereas the number of nitrifiers, both ammo-
nium oxidizers and nitrite oxidizers, is very low, and the
same occurs with the denitrifiers and the N,-fixers, both
aerobic and anaerobic, which have very reduced values.
Among the microorganisms of the S-cycle, the anaerobic
mineralizers of the organic S and the sulphate reducers
dominate, whereas the sulphide reducers as well as the ele-
mentary S oxidizers do not appear in most soil samples
analyzed.

The microorganisms that exhibit the lower density in the
soils present very high coefficients of variation that indicate
not only the presence of unfavorable environmental factors,
but also its high sensibility to environmental changes. The
coefficients of variation of the better-represented groups
(ammonifiers, proteolytics, pectinolytics and amilolytics) are
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very low. Except for fungi, which are negatively correlated
with certain other groups (especially algae), all the other
microbial groups are either not correlated or positively cor-
related with each other, and in most cases the correlation
coefficients are significantly high, which indicates a certain
stability in the relationships among soil microbiota as well as
a certain biological stability in them.

Texture is the soil property with the greatest influence on
the microbial population, although it is less favorable for
coarse particles size. Surprisingly, there is no correlation
between the microbiota and the SOM content; nevertheless,
it is very elevate when the quality of the organic matter is
high. The C/N is negatively correlated with all the microbial
groups except fungi, which justify the use of this ratio as an
indicator of soil biological activity. The base saturation
degree of the exchange complex is the third most important
soil property among the factors that influence microbial
development; exchangeable Ca®* and Mg?* show the major
influence, whereas AI>* shows a bad influence on the mic-
robiota. The increase of pH shows a favorable tendency; by
contrast, the lack or scarcity of soil humidity has a negative
effect on all the microbial groups. Besides, the microor-
ganisms presenting a higher dependency of the soil’s phys-
ical or chemical characteristics are those pertaining to the
N-cycling, following by those of the C-cycling and, finally,
those of the S-cycling.

Both microbial density and functionality decrease with
the depth of the profile, likely due to the decrease of SOM
content that generally occurs in most profiles; this is sup-
ported by the fact that the microbial density can be higher in
deeper horizons than at the surface (Alexander 1977). The
climatic factors greatly affect the development of the
microbial population, increasing its density and functional
diversity in winter, which seems to indicate that humidity is
a more limiting factor than temperature. There is also a
certain influence of the parent material on the microbial
population, associating the soils on limestone to the N-cycle,
the soils on basic rocks to the S-cycle, and the soils on acid
rocks to the C-cycle.

In the study soils, there is a clear dominance of the
potential ammonification process on nitrification, which
seems to indicate a ralentization of the mineralization at the
nitrification stage. There is also an unbalance between
nitrification and denitrification in most of the study soil
samples.

The microbial population of the Haplic Podzol (Profile
1131; Table 3.9) study was the most empowered, both in
numbers and functionality; although it decreased with depth,
the E horizon exhibited a microbial population richer than
that corresponding to albic horizons, highlighting the high
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number of algae. The A horizon of the buried Podzol (see-
Sect. 3.5.2.9) had an extraordinarily poor microbial popu-
lation that justify its consideration as a fossil horizon,
although it does show some microbial activity.

The soils on limestone or calcareous material, such as
Rendzic Leptosols, Phaeozems, and Luvisols, present high
microbial density and elevated functional potentiality. The
other soils that developed on acid and basic rocks are situ-
ated between the Podzol and the calcareous soils, presenting
certain homogeneity, in concordance with the type of humus
and other characteristics, similar in all the soils. Neverthe-
less, there are differences with regard to the metabolic and
functional potentiality of the microbial population, much
more concordant with the C/N ratio than with the type of
humus.

The Andosol on granite (Profile 1317, Table 3.8) presents
arelatively high nitrification/ammonification ratio and a high
number of cellulolytics; its microbial population did not
decrease with depth, but exhibited a maximum in the Aj;
horizon, their behavior pattern being similar to that of a
polycyclic soil concerning the distribution of the microbiota
in depth.

The study profiles of Umbrisols and Cambisols devel-
oped on granite have a relatively high microbial density but
a low potential functionality, heavily dominating ammoni-
fication on nitrification. The soils developed on micaceous
and basic schist and on serpentines have a relatively low
microbial population, which is attributed, in the first case, to
the presence of vegetation near the climax because its
functional diversity is high, in the second case to the climatic
regime of these soils, and in the third case, to the particular
conditions of its exchange complex and to the presence of
micro-elements such as nickel (Ni) (Carballas et al. 1965).

The Leptosol on gabbro—with a microbial density a little
higher than the soils on schist and serpentines—shows a
higher  functional  potential and an  elevated
nitrification/ammonification ratio, although the oxidation of
nitrites is relatively slow.

As for the seasonal variation, the highest microbial den-
sity is in the spring and early autumn, being in the latter
period the most elevated functional potentiality.

The microorganisms, besides accomplishing fundamental
functions in the soils, when they dye represent a way and a
very important source of nutrients for the plants’ growth
because, on the one hand, they are the more labile fraction of
the SOM, and on the other, they have a very short turnover
time. Therefore, it is fundamental to quantify the microbial
biomass in order to understand the SOM dynamic and to
evaluate the ecological meaning of the microorganisms in
the edaphic ambient.
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In the study zone, the soils exhibit high levels of micro-
bial biomass —1,101 kg C ha™' on average—although this
value represents a low percentage of the total soil C, being
the SOM content, the texture and the soil humidity the
factors that influence this biological parameter more (Dia-
z-Ravina et al. 1993a). Moreover, various studies show that
the microorganisms immobilize important quantities of N, P,
K, and Ca, and that the contribution of the microbial biomass
to the pool of available elements for plants, although in large
measure determined by the season of the year, is elevated for
N, important for K, P and Mg, and not significant for Na
(Diaz-Raviiia et al. 1989, 1993b, 1995).

The soils of the study zone present a low metabolic
activity that seems to depend more on the quality and nature
of the organic matter than on its quantity (Diaz-Ravifia et al.
1988).

Nowadays the studies are focused on a new aspect of the
microbial biomass—that is, the structure or diversity of the
microbial community by means of the analysis of molecular
bio-tracers such as the fatty acids of the phospholipids
(PLFA) that permit knowing not only the total microbial
biomass, but also that of specific groups, such as bacteria
and fungi, etc. (Mahia et al. 2011). The results are very
helpful in evaluating diverse processes of degradation and
practices for soil conservation and, therefore, in making
decisions on the management of agricultural and forest soils
of the temperate humid zone (Barreiro et al. 2010).

3.5.3.2 Composition of the Organic C, N and P
Compounds

Nitrogen is one of the most abundant nutrients in the study
zone, particularly in Galicia; however, it is frequently one of
the limiting factors for plant growth; this is because nearly
98 % of the total soil N is in organic forms and therefore not
directly available for plants, but it is needed for these forms
to be mineralized by the microbial population. The same
occurs with the pool of the organic C, formed by labile and
resistant compounds to the microbial attack, and that of the
organic P. Consequently, the C, N and P mineralization
capacity is an important biochemical property because
organic C is a source of energy for microorganisms, and
organic N and P are sources of nutrients for plants and
microorganisms. Besides, P is another limiting factor due to
its rapid immobilization by Al.

The composition of the organic pools of C, N and P in
soils of the Temperate Humid Zone of northwestern Spain
has been identified. The organic C pool consists of (1) labile
compounds, among them hydrosoluble C or dissolved
organic C (DOC); microbial C that represents 1-5 % of the
soil organic C (SOC) and 2 % of the total C; amino acids and
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amino sugars; carbohydrates, with a turnover of decades that
represent 5-25 % of the SOC and about 2 % of the total C
and that play an important role in the formation of aggre-
gates and then in soil structure; (2) less labile forms, such as
lipids; (3) more stable organic compounds, such as unhu-
mified and humified (fulvic and humic acids) organic matter;
and (4) compounds recalcitrant to the microbial attack, such
as some cellulosic compounds, humines and lignine (Fer-
nandez et al. 2001; Martin et al. 2011).

The organic N pool was studied by Gonzalez-Prieto and
Carballas (1988, 1991), using their own method of succes-
sive acid hydrolysis with HCI of various concentrations at
various temperatures, and by Prieto Ferndndez and Carballas
(2000), identifying: (1) labile N forms, such as solubilized
ammoniacal N, amino-acids and amino-sugars, amides and
total hydrolysable N; (2) less labile forms, such as hydro-
lysable unknown N; and (3) forms recalcitrant to the
microbial attack, such as non-hydrolysable N or residual N.
Finally, Trasar-Cepeda et al. (1989, 1990) have studied the
numerous P forms.

3.5.3.3 Metabolic Activity of the Microorganisms
As indicated above, the metabolic activity in the study zone
is low. Although the metabolic activities of the microor-
ganisms mainly depend on the composition of the microbial
population, they also depend on the characteristics of the
substrate (Gonzalez-Prieto et al. 1991). Nevertheless, from
the results of two ambitious studies (Gonzalez-Prieto et al.
1992, 1996) whose aim was to study the N mineralization
capacity and the factors that influence this process in: (1) 41
temperate humid-zone soils developed on acid igneous
rocks, acid and basic sediments, acid metamorphic rocks,
basic and ultrabasic rocks, and limestone; and (2) a large
variety (112 soils) of native (35 under forest, 22 bushland)
and agricultural (32 under pasture, 33 cultivated) soils rep-
resenting several climatic zones in Galicia, various types of
acid, basic, ultrabasic and calcareous parent materials and
soils such as Rankers and Rendzines (Leptosols), Fluvisols,
Andosols, Podzols, Luvisols, Cambisols and Regosols (FAO
1974), some facts could be generalized.

The net N mineralization rate is in the 0.30-5.32 % range
of the total N, being both the net N mineralization and net N
mineralization rate significantly higher in forest soils than in
soils under shrubs or in agricultural soils. The net N min-
eralization rate of pasture and cultivated soils is similar to
that of bush soils, but the available inorganic N is lower.
Ammonification largely predominates over the nitrification
process, except in some agricultural soils. On the other hand,
net N mineralization predominates over net N immobiliza-
tion, which is more frequent in agricultural soils than in
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native soils. This behavior could be explained by the com-
position of the microbial population, with an abundance of
ammonifiers and scarcity of nitrifiers and denitrifiers as well.

The main soil factors affecting the organic N dynamics
were identified by statistical analyses. Thus, the net N
mineralization rate varies according to soil parent materials
in this order:

Soils over acid rocks > soils over sediments > soils over
basic rocks or limestone.

Moreover, the highest net N mineralization and available
inorganic N are found in soils developed on acid rocks. The
highest N mineralization capacity is found in soils with low
C and N contents, particularly in native soils, in which N
mineralization increases as the C/N ratio increases. The N
mineralization is higher in soils with low pH and base sat-
uration than in soils with high pH and base saturation values,
which sometimes favor N immobilization. Soils with a
content of Al hydroxides > 1 % show lower net N miner-
alization rates than soils with Al hydroxide contents < 1 %,
although net N mineralization and available inorganic N
does not differ between these groups. Finally, the net N
mineralization rate in silty soils is significantly lower than in
sandy and clayic soils, although soil texture explains only a
low percentage of the differences in N mineralization
between soils.

As in the case of organic N, the soils of the study zone
exhibit low potential activity for mineralization of the
organic C, whose habitual percentage of total C mineralized
(coefficient of C mineralization) is in the 2.8-3.2 % range of
the total C, the variability being mainly due to differences in
the SOM quality and, to a smaller extent, to differences in
the SOM content.

Consequently, the accumulation of SOM (organic C and
N compounds) seems to be due to poor mineralization,
which was caused (in decreasing order of importance), by
the low quality of the SOM, high exchangeable H* levels,
high Al and Fe hydroxides contents and, to a lesser extent
although more markedly in cropped soils, by a silty clay
texture and exchangeable AI**.

The pattern of the mineralization kinetics of the organic C
and N, rapid rhythm until week 4 or 6 and slower afterwards,
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fitted the equations of first (for C and N) or second order (for
C) that permit knowing the values of the C and N potentially
mineralizable and the mineralization speed of the labile and
the recalcitrant pools of C and N, as well as the mean live,
which is the time needed for the mineralization of half the C
or N potentially mineralizable, that in the case of N is in the
range of 9—147 days (mean value: 38 days) (Carballas M.
et al. 1979; Prieto Fernandez et al. 1993; Fernandez et al.
1999; Gonzalez-Prieto and Villar 2003).

The pools of the C and N that are potentially mineralizable,
which are formed by the more labile organic C and N com-
pounds, are very small and represent a very low percentage of
the total organic C or N (2.1-1.3 % in the case of N), whereas
the pools of the recalcitrant organic C and N, represent a high
percentage of the total organic C and N. This could explain
the low percentages of C and N mineralization and the
accumulation of organic matter and nitrogen in these soils,
and permit thinking that the variations of the process observed
in these soils are likely due to differences in the size and the
kinetics of this small compartment, which is more sensitive to
external influences—such as humidity and temperature—
than the higher C and N recalcitrant pools. Therefore, it is
likely that the low percentages of mineralization are mainly
due to the scarcity of labile organic C and N.

All the behavior of the N mineralization indices supports
the hypothesis of Gonzalez-Prieto and Carballas (1991) on
the existence of two pools or compartments, a recalcitrant
one formed by N compounds stabilized by interaction with
free Al oxides, and a labile one, composed of N compounds
that did not form complexes with Al due to the lack of free
Al oxides already consumed; the latter compounds would be
mineralized in the first weeks of the incubation, or easily
mineralized in the field, producing available N for plants or
microorganisms.

Appendix

See Tables 3.3 to 3.16.
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