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Soils are one of the basic resources that make 

life on Earth possible. Food production is de-

pendent on their quality, as are many other ser-

vices that they provide, such as filtering water 

or retaining greenhouse gases. In more prac-

tical terms, food security and the competitive-

ness of agricultural companies depend on soils. 

Never the less,  sc ient i f ic  and technica l 

knowledge of soil distribution and characte-

ristics has not been given the importance that 

it deserves. To fill this gap in information, in 

the 1980s the Government of Catalonia’s Mi-

nistry of Agriculture, Livestock, Fisheries, Food 

(DARP) initiated a project to create a Soil Map 

(1:25,000) of Catalonia: a pioneering initiative 

within the state. As a result of this activity, we 

now have a detailed map of over 600,000 hec-

tares of the most important agricultural areas 

in our region.

The information that the detailed maps provide 

on soils is crucial. In fact, it is a prerequisite for 

farm management, agricultural and land use 

planning, and protection of the soil resource. 

The creation of soil maps is a vital task that 

the most advanced countries have completed 

gradually over the years, as a first step in their 

management.

We should remember that investments in soil 

maps are designed to improve yields and meet 

international production regulations, but are 

also important to find out what natural resour-

ces we have available to make agriculture more 

sustainable.
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The Soil Map (1:25,000) of Catalonia has been 

promoted by the DARP and the Cartographic 

and Geological Institute of Catalonia (ICGC), 

which has published 18 sheets of Geowork IV, 

as well as other publications on soil. All of this 

information is available in print, and in digital 

format on the websites of the DARP and the 

ICGC.

This Dossier Tècnic gathers the opinions of 

experts on the soils of Catalonia, from the 

university environment and the government. It 

highlights the importance of soils in daily life, 

discusses their protection and conservation as 

a non-renewable resource, and describes their 

properties and analyses to help farm mana-

gement, forestry production and protection of 

aquifers. In addition, this issue explains the Soil 

Map (1:25,000) of Catalonia, an intensive task 

carried out over a long period of time and co-

vering a large area. The Soil Map can be used 

to improve irrigation systems or adjust fertiliser 

application. Finally, it describes the direct uses 

of the Soil Map and its interaction with other 

agricultural information when costly decisions 

need to be taken, such as the introduction of 

a new crop to a farm, or evaluation of the most 

suitable soils for the purchase or rental of land 

for a particular use. 

Therefore, this is very useful information and 

we hope that the explanations given here will 

be accessible to those who are interested in 

learning about this resource, which is available 

to many but not always respected.

Finally, 2015 was the International Year of Soil. 

Around the world many events and actions 

were undertaken to raise public, media and 

government awareness of the importance of 

understanding this resource and managing it 

well. This Technical Dossier could be consi-

dered one of these actions. It is particularly 

important in a country such as ours in which 

the soil capital is limited and used intensively.

Meritxell Serret Aleu
Consellera d’Agricultura,
Ramaderia, Pesca i Alimentació
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SOIL AS A NATURAL RESOURCE
FORMATION AND PROTECTION

01 Soil, a resource?

Soil is a thin layer of living material who-

se thickness ranges from a few centimetres 

up to two or three metres. This layer covers 

the surface of our planet. It could be consi-

dered Earth’s skin; the interface where the 

atmosphere, hydrosphere, biosphere and lit-

hosphere converge. Consequently, it has ma-

jor impact on all the processes of interaction 

between these systems.

However, the soil is also a system in itself, 

and the object of study in soil science or 

edaphology. Soil supports life on the planet: 

it provides anchorage for roots; it is porous 

and retains water that plants can use; and it 

contains nutrients and makes them available 

to living organisms. It is a medium in which a 

vast number of animals and microorganisms 

live, which play an essential role in biochemi-

cal transformations, from nitrogen fixation to 

the decomposition and stabilisation of organic 

matter. Although it is not apparent, most of the 

Earth’s biodiversity is found within the soil, not 

above it. In addition to being the main source 

of food, soil produces biomass and can there-

fore store large amounts of carbon for a long 

time, and thus sequester atmospheric carbon.

 

Throughout history, humans have used soil as 

a dump for the waste that we generate. This 

waste is transformed, stabilised and filtered by 

the soil’s biological activity and porosity, which 

prevents water pollution. Interaction with hu-

manity over centuries and millenniums means 

that soil is also an archive that stores the tra-

ces of our past activities. Through its study 

we can gain unique information about the life 

and surroundings of our ancestors. Many na-

tural resources (peat, salt, coal, pigment and 

construction materials, among others) come 

directly from soil formation. Likewise, soil is a 

natural support for buildings, bridges, tunnels, 

roads and paths. The stability and durability of 

these structures depends largely on the soil 

characteristics. Due to the extremely high bi-

odiversity of organisms in the soil (‘there are 

more organisms in a spoonful of soil than peo-

ple on the planet’), which is still not completely 

known, microorganisms have recently been 

found in the soil that could produce new anti-

biotics effective against diseases that are re-

sistant to conventional antibiotics. These can 

only be cultivated in their original medium: soil.

 

All these functions of soil determine its qua-

lity, in other words, its capacity to carry out 

functions in an acceptable way. Clearly, not 

all soils are good for everything. Their quality 

depends on the function and the use that is 

under consideration. For instance, a saline soil 

that is bad quality for crops may be very useful 

as a gene pool of species that are adapted to 

salinity. Peatland is great for carbon seques-

tration, but stability problems may arise if buil-

dings are constructed on top of it. In terms of 

agricultural uses, there are good and bad soils 

for the cultivation of rice, vegetables and fruit 

trees, for example. Therefore, it is clear that 

Figure 1: Landscape value of soils, agrarian landscape of Gallecs, in the area of Vallès Occidental. The reddish colour is due to horizons enriched by clay. Author: Òscar Marín.

Els sòls són

un recurs natural

no renovable.
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rational land use planning and management of 

the territory, taking into account soils and their 

suitability for the required uses, leads to lo-

wer investments and spending on maintenan-

ce and, in short, enhances the durability and 

conservation of soil resources for the future.

02 A reactor under our feet

Like all natural systems, soil is a body, formed 

by a solid, porous matrix through which pass 

flows of matter and energy, which are what 

enable it to carry out its functions. it receives 

energy from the sun that is transformed into 

the living and dead biomass that is produced. 

This biomass undergoes various transforma-

tions: stabilisation as soil humus and minera-

lisation, which determines the final amount of 

organic matter in the soil. Solar energy also 

leads to flows of water in the soil, which eit-

her concentrate certain components or leach 

them to a greater depth or laterally. Water, 

along with temperature and the action of li-

ving organisms, weathers rocks and minerals. 

Therefore, soil acts as a reactor in which phy-

sical, chemical and biological processes con-

tinuously take place over timescales ranging 

from seconds to thousands of years, as part 

of a dynamic equilibrium.

The processes of soil formation, which is also 

called pedogenesis, are highly varied and com-

plex, and depend on specific combinations of 

factors such as climate, initial geological ma-

terial, vegetation, position in the landscape, 

and time. To these natural factors, we should 

add human activities such as the construction 

of stone terraces, the addition of fertilisers, irri-

gation, levelling of land, open cast mining and 

earthworks. These actions modify the soil, of-

ten dramatically, leading to its improvement or 

its degradation, and even sometimes its total 

disappearance. 

As a result of these many combinations of fac-

tors, soils are organised and ordered internally 

into horizons, which are layers of varying thi-

ckness that are approximately parallel to the 

surface and have different compositions and 

physical properties. In addition, soils vary from 

one place to another, not randomly but in a 

systematic way: soils in the Pyrenees are very 

different from those of the Ebro Delta, soils of 

the dry plains inland are very different from tho-

se of the volcanic region of La Garrotxa. Often 

soils differ over very short distances, as can be 

seen along road embankments along an axis.

03 Quality and soil degradation

As the formation of soil horizons is very slow 

(from thousands to hundreds of thousands 

of years), soil is a non-renewable resource, 

on a human timescale. Consequently, soils, 

particularly if they are of good quality, can be 

considered heritage of the towns that in a 

territory. Thus, the black soils or chernozems 

of the steppe, which are ideal for cereal pro-

duction, were the source of wealth in Russia 

and the Ukraine. The same kinds of soils are 

found in the US Corn Belt or the Argentini-

an pampas. Similarly, the excellent soils of 

the Nile Delta and alluvial plain, which were 

enriched every year by silt from floods, were 

one reason for the splendour of the Egyptian 

civilisation.

 

However, as they are dynamic systems, soils are 

also vulnerable to environmental pressure (was-

te dumping, compactation, loss of plant cover, 

inadequate irrigation, and others). This leads to 

a loss of quality or even disappearance of the 

soil due to erosion or other forms of degradation 

such as salination, acidification, pollution or loss 

of nutrients. Not all soils are equally vulnerable 

under the same pressure: some are more resili-

ent and recover when the pressure disappears, 

but in most cases the soil is fragile and often 

does not return to its initial state. This is the case 

of soils that are not very deep that erode after a 

forest fire. 

Soil is an incredibly robust system in which many 

substances can break down, which makes 

them less hazardous. This quality of ‘cleaning’ 

materials has led to soil frequently being used 

as a dump for organic and inorganic waste. If 

the amount of substances dumped exceeds the 

soil’s capacity to destroy them, the soil will be 

degraded and its biological activity will be con-

siderably reduced. Soil is most severely affected 

when it is sealed in by constructions or infras-

tructure, which often occurs in industrialised 

countries. Once soil has been sealed by asphalt 

or buildings, it is totally lost and cannot carry out 

the functions that we expect of it.

Figure 2: Soils on loess, at Tivissa. Loess is a silty material transported by the wind during the glacial period. As the age of the soil 
deposits can be determined (in the order of dozens of thousands of years), these soils are a unique source of information on types of 
climate, vegetation and relief during the Quaternary period. Author: Rosa M. Poch

Els sòls són sistemes 

dinàmics i per tant 

vulnerables; certes 

pressions ambientals en 

provoquen la pèrdua 

de qualitat, la seva 

desaparació per erosió 

o altres formes de 

degradació.
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Soil degradation, which is defined as loss 

of its capacity to carry out its functions, has 

caused the disappearance of many civilisati-

onss that could not sustain their populations 

due to a massive decline in agricultural pro-

duction (Porta & Poch, 2011). One example 

is the Mesopotamian Empire, which develo-

ped on the soils of the terraces of the Tigris 

and Euphrates. Continuous irrigation of the 

soils led to salination, which was worsened 

by a lack of maintenance of the irrigation 

channels that were rendered useless by the 

accumulation of sediment. The decline of the 

Aztecs and Mayans is associated with the 

disappearance of soils due to erosion, pro-

bably caused by over exploitation of sloped 

areas when the population increased. Closer 

to home, the excessive exploitation of soils 

in North Africa by the Roman Empire and the 

subsequent erosion was one of the reasons 

behind its fall. 

Agricultural production, or a support that pro-

tects biomass, is one of the most important cri-

teria of soil quality, but not the only one. If we 

take into account various functions, we can see 

that different types of soil are valuable, as shown 

in Table 1 for the case of Catalonia.

04 How to protect and conserve soil

The slow rate of soil formation processes 

on the human timescale means that the 

strategy for soil use should be focused on 

conservation, rather than rehabilitation or 

restoration. Rehabilitation and restoration are 

only appropriate in places where the soil has 

been dramatically altered or disappeared, 

for example, in soils affected by open cast 

mining or mining activities in general; or 

artificial slopes beside linear infrastructure 

such as motorways or railways. In these 

cases, the soil must be ‘remade’ so that 

vegetation can be established. This is 

possible because only a small surface area 

is affected in these cases, and because 

environmental legislation determines that the 

environmental impact of works should be 

minimised. For soil rehabilitation, Catalonia 

has successfully used organic waste, such 

as sewage sludge, urban waste compost 

Figure 3: The change to an irrigation system such as the one shown in this image of Les Garrigues may eliminate very effective soil conservation techniques such as stone terraces, leaving large areas 
with little control of runoff that are more susceptible to erosion. Author: Rosa M. Poch.

Table 1: Potential criteria for classifying a soil as valuable (expanded version of Alcañiz et al., 2005)

Function/
characteristic

Territorial 
range

Classification Observations and examples from Catalonia

Production General Prime farmlands 
Vall d’en Bas, Delta del Llobregat, alluvial terraces 

of the fastest-flowing rivers.

Local Unique farmlands

Importance to the municipality or province, as it 
can be used to produce quality, specialised crops: 

grapes, asparagus, potatoes, beans and peas, 
among others, that are associated with a specific 

form of management.

Singularity Local Soil heritage
Volcanic soils of Olot, peatlands of the Ebro Delta, 

soil containing travertine gypsum in Algerri, podzols 
in the Pyrenees.

Environmental General Environmental assurance
Part of valuable and/or fragile ecosystems. Key 
environmental function, for example, to protect 

aquifers and prevent erosion.

Educational Local Typical soils Profiles of representative, accessible soils in a 
zone/region (benchmark or reference soils).

Conservation of 
biodiversity General Soils as a habitat and 

gene pool

Close relationship between specific soils and 
threatened species that are adapted to extreme 

environments (very acidic soils, saline soils, chalky 
soils), which maintain gene pools. 

Landscape General Aesthetic Colours in the landscape
(Segarra, Vallès, Alt Camp).

Paleoenvironmental 
record Local Paleosols

Peatlands of the Pyrenees, soils buried under stone 
terraces in Les Garrigues, loess in El Baix Ebre, soil 

in the high terraces of rivers.
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or pig slurry, which helps to reestablish the 

biological activity in inert mineral substrates. 

In the remaining cases, soil heritage that is mainly 

used for agricultural and forestry purposes 

must be managed so that its properties are 

not diminished. Soil conservation measures 

in Catalonia refer in particular to those that 

are designed to combat water erosion, which 

is one of the main processes of degradation. 

This is due to the high aggressiveness (erosion 

potential) of rain, which is characteristic of 

the Mediterranean climate; the marked relief 

in Catalonia; and the lack of organic matter 

in many agricultural soils, which reduces their 

capacity to withstand erosion.

Soil conservation measures are classified 

according to the component of erosion that 

they affect. A first group include measures to 

manage plant cover, which is the layer that 

protects the soil from the impact of rain drops. 

This group includes the management of stubble, 

herbaceous cover for tree crops and all kinds 

of mulch. A second group of measures are 

those that improve the resistance of aggregates 

(clods) of soil to the impact of raindrops or flows 

of surface runoff. This includes the entire group 

of organic soil amendments (manure, sewage 

sludge, green manure, livestock bedding, 

and others) that act as aggregates of mineral 

particles, to strengthen the soil structure. It also 

includes all conservation crop techniques (no-

crop, minimum crop, etc.) that are designed 

to reduce physical changes in the soil due to 

working it. This promotes the action of soil fauna 

as the main generator of porosity and reduces 

the energy cost of machinery. A third group of 

measures are those that are specifically focused 

on controlling surface runoff so that erosion 

does not occur as a result of runoff volume 

or speed. Suitable design of farms, surface 

drainage channels, ditches on terraces, dykes 

and small reservoirs are included in this group 

and help to prevent forms of erosion such as 

channels, rills, torrents and ravines.

If we know the properties of our soils and the 

threats that could cause loss of quality, we can 

design the most suitable measures to conserve 

and manage these resources, so that we can 

pass them on to future generations in the best 

conditions for their use. 
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IMPORTANT SOIL PROPERTIES FOR 
SUSTAINABLE AGRICULTURAL PRODUCTION 
AN OVERVIEW

01 Introduction

In practice, a wide range of users need a 

description of soil properties. These inclu-

de farmers who manage the land directly, 

companies that provide agricultural services, 

companies that manage organic or mineral 

fertilisers, consultancies or engineering firms 

that want to measure certain soil properties, 

and government bodies that need objective 

data for mapping, statistics, monitoring or 

regulatory control. Soils are also studied by 

universities, research, experimentation and 

agricultural extension centres; the data are 

an important part of their work. Therefore, 

there is a clear demand for information about 

soils from a wide range of users.

In all of these cases, soil properties need to 

be measured and described for characteri-

sation, handling, agronomic management, 

monitoring and experimental results.

In this article, we summarise the soil proper-

ties that have the greatest impact on agri-

cultural production. We describe where and 

how this information can be obtained, des-

cribe the most important laboratory analyti-

cal methods, and include some practical 

examples that illustrate the relevance of soil 

information.

02 Is soil information really re-
quired? 

The question is relevant, as many agricultural 

lands are managed without a suitable base of 

information or even without any information 

on the soils. It is not unusual to see blank 

faces when someone requests the analytical 

records for a field; or asks how often analy-

ses are carried out; or what the phosphorus 

levels are in that field of millet in which some 

leaves are violet coloured; or what happens 

with the salination risk in irrigated land. It 

is difficult to manage the land in a way that 

provides the best economic, qualitative and 

environmental performance if we do not have 

any soil data. Clearly, in practice it is not enti-

rely true that land is managed ‘without data’. 

Behind each decision is empirical knowledge, 

accumulated over the years through trial and 

error, which keeps things going. However, 

in today’s highly competitive world, in which 

there are greater environmental concerns, it 

is advisable to manage soil with great care 

and precision and use objective, accurate, 

reliable data that we can save on a computer 

and relate to yield and quality.

This need for information is based on a very 

clear fact: soils are not a uniform layer. They 

are different. Their properties, the variability 

in each profile, and the distribution in the 

landscape is related to the driving forces or 

forming factors (Figure 1) and the way the 

‘manager’ has handled the land: the farmer, 

livestock breeder, forester, as well as ‘ma-

nagers’ associated with the urban environ-

ment, industry and even land use planners 

(Figure 2).

Cases such as that seen in Figure 2 are found 

frequently. The description of soil properties 

meets a need for this knowledge. We should 

know the properties at the study point, and 

we should know the distribution of charac-

teristics throughout the landscape, as they 

may require a different kind of management. 

Taking on board the fact that ‘soils are diffe-

Figure 1: These plane trees were planted at the same time: the growth curve reveals the diversity of the soils. Segrià (Lleida). Author: J. Porta



DOSSIERN82

DOSSIERTÈCNIC

08

rent’ and therefore require ad hoc manage-

ment is the first step towards measuring their 

properties in the field and in the laboratory.

03 Where and how can soil in-
formation be obtained

Some of the properties and characteristics 

of soils are practically permanent (surfa-

ce stoniness, texture, calcium carbonate 

content in chalky soils, mineralogy of com-

ponents, among others). Others vary on a 

much shorter time scale, over the course of 

years (organic matter content, soil structu-

re, etc.); a year (water content, soluble salt 

content and nutrients); or even over a day 

(surface temperature of the soil).

The more permanent properties and gene-

ral characteristics can be determined from 

a detailed soil map of a farm. This Techni-

cal Dossier looks at soil mapping in Catalo-

nia, an activity that has been undertaken by 

the Catalan Ministry of Agriculture for many 

years, and is now the responsibility of the 

Cartographic and Geological Institute of Ca-

talonia. Detailed soil maps are not available 

for all of the provinces of Catalonia, but they 

can be found for the most important agricul-

tural areas. These maps are scale 1:25,000. 

Therefore, some detailed information has to 

be excluded. However, they are a good star-

ting point. For example, they can be used to 

find out where it would not be a good idea to 

establish a peach tree orchard due to lack of 

oxygen for roots. 

04 What dtata are required to 
make decisions?

A wide range of people use soil information, and 

their objectives are also very diverse. Therefore, 

the focus of a study must be adapted to each 

case. A description of horizons in a soil profi-

le is a mapping project, required to draw up a 

soil map. The information differs from the data 

on nutrient content that is required to adapt a 

fertiliser plan. The design of an irrigation system 

should be focused on properties related to the 

storage and movement of water through the 

soil, which differs from the information required 

for an organic amendment plan. To monitor the 

risk of salination in the perimeter of an irrigation 

system, specific analyses are required. Nevert-

heless, a series of general, common properties 

that can be measured and recorded are of prac-

tical use in a range of tasks. To present them, we 

can divide them into two groups: data obtained 

in situ from the field, and data generated in the 

laboratory.

04.01 Data obtained in situ

The description and measurement of soil pro-

perties in the field is a key stage of soil studies. 

It is essential to soil mapping. In many of the 

demands for soil information, it is advisable to 

observe and measure some of the properties 

directly in the field. Some of the main properti-

es that can be directly observed are: 

• 	Observations of the environment, soil 

landscape: where the soil is found

• 	General and local relief and slope: charac-

teristics of the land

•	 Surface stoniness and rocky outcrops: de-

termining factors

•	 Evidence of erosion processes: loss of or-

ganic matter and nutrients

• 	Drainage problems: lack of oxygen and 

root suffocation

•	 Effective soil depth: volume that can be 

explored by roots

• 	Essential characteristics of soil horizons, 

detail of the properties of the surface horizon

• 	Crop status: visual diagnosis

Figure 3: Comparison of the depth of soils in two very different cases In the image on the left, the effective depth of the soil is limited 
to a few centimetres due to the presence of rock near the surface. In the image on the right, the auger penetrates to a depth of 100 
cm in a clayey soil. The difference in the behaviour and potential of the root system of plants will be very great. Author: M. Aran.

Figure 2: Example: phosphorus content (Olsen P, ppm = mg P/kg of soil) in soils in an area of the Ebro Valley. The content varies 
widely. Some soils lack phosphorus (< 10 ppm), whilst others have very high levels (> 40 ppm). The practice of phosphate fertilisation 
must be clearly differentiated in each case for optimum soil management. These results are due to management of mineral or organic 
additions that do not take into account the P levels in the soils.
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THE SOILS OF CATALONIA

DOSSIERN82 09

• 	Evidence of salinity problems: presence of 

halophytic plants and saline efflorescence

Observation of the surroundings at the con-

trol point are a first step in the assessment 

of soils and help us to situate the point in a 

specific soil landscape. Properties such as 

the relief and the slope of the soil are related 

to infiltration capacity, erosion risk, mechani-

cal work and exposure.

The depth of the soil, its effective depth, can 

be used to calculate the volume that can be 

explored by the roots, which may be limited 

by layers of materials that impede the normal 

progression of the root system. This depth 

has a considerable influence on the availabi-

lity and absorption of nutrients and the avai-

lability of rain or irrigation water (Figure 3).

The arrangement and characteristics of the 

soil horizons can be used to assess the 

potential for root development, the move-

ment of water in the soil, and the potential 

for internal drainage in the case or rain or 

irrigation. The characteristics of the surface 

horizon are very important: risk of soil sea-

ling, type and degree of structure, effects of 

erosion, description of organic remains, infil-

tration and root development.

Knowledge of these characteristics and pro-

perties can be used to put laboratory infor-

mation into a specific context, to enhance 

understanding of the problem, and to make 

better use of the data and their interrelati-

ons. The observation process in the field 

is designed to provide data on the external 

properties of soils in a plot, and to provide 

a representative sample of the soils in the 

study (Figure 4). 

04.02 Soil properties measured in the 
laboratory. The required data

The description of properties in situ should 

be completed with laboratory analyses, 

which generate quantitative data on very 

specific properties that describe and define 

soils and their influence on plant growth and 

crop yield.

These analytical data are obtained via qui-

te specific laboratory procedures for each 

of the properties, which is a laborious task. 

Analytical methods and their use are a com-

plex area, due to the fact that there are many 

possible variants and standardisation is es-

sential to assess the results. Furthermore, 

intercalibration tests are required, and the 

results need to be interpreted. For the pur-

poses of this dossier, we consider analytical 

determinations made using the Official Met-

hods for Soil Analysis (MAPA, 1992), which 

are essential guidelines. The same methods 

are used in most European laboratories. 

Laboratory work is based on a good, re-

presentative sample. It must be subject to 

rigorous control procedures by the labora-

tory itself and by external bodies, through 

internal control activities, standard samples, 

statistical control, intercalibration exercises, 

recognition and accreditation. All of these 

activities aim to ensure the reliability and 

accuracy of the data. We should be familiar 

with all these aspects before we decide who 

to entrust with our analyses.

04.02.01 Obtaining and preparing the 
sample

When the sample reaches the laboratory, it 

should be dried at a temperature between 

35ºC and 40ºC, then homogenised and sif-

ted to 2 mm. In this stage, the percentage of 

large elements can be estimated (larger than 

2 mm) if the sample has been taken for this 

purpose. Subsequent analyses are carried 

out on what is known as ‘fine earth’ or the 

fraction with particle size below 2 mm. In the 

case of nitrate analysis, a specific sampling 

procedure and analysis is required, due to 

the instability of this component.

04.02.02 pH and electrical conductivity

The pH and the electrical conductivity (an 

initial test of salinity) are two determinations 

that can be used to measure the acidity/

alkalinity of soil (pH) and the content of solu-

ble salts (electrical conductivity, EC). These 

tests are carried out on a suspension of soil: 

water in the proportion of 1:2.5 (pH) or 1:5 

(EC), respectively. The results are very useful 

in the characterisation and assessment of 

soils, given the importance of the properti-

es involved and the inferences that can be 

made. For example, EC1/5 values between 

0.5 and 1 dS/m at 25ºC could be indica-

tors of levels of salinity that are potentially 

damaging to certain plants. pH values that 

are very far from neutral increase the risk of 

a wide range of problems caused by excess 

acidity or alkalinity.

04.02.03 Calcium carbonate equivalent 
content and active limestone

The content of calcium carbonate equivalent, 

CaCO3, is a permanent property of soil. It is 

an indicator of the geological material from 

which the soil was formed, or of soil proces-

Figure 4: Observation of the area surrounding a control point in the field and careful soil sampling are essential. For example, the presence 
of stone walls, as in the the figure on the left, is an indicator of the possible potential of the soil and the degree of control of erosion. 
It is essential to take a representative sample in the field observation stage (see the image on the right). The image on the right shows 
a sample obtained with an Edelman auger, in which two horizons are mixed (Ap and BK), which could make it difficult to interpret the 
results. It is crucial to obtain a representative sample. Author: M. Aran.
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ses associated with the movement of calcium 

carbonate in solution through the soil profile in 

semi-arid and arid regions (Figure 5). Calcium 

carbonate equivalent is analysed using a vo-

lumetric method (measurement of CO2 emit-

ted after attack with a solution of hydrochloric 

acid). It can also be measured using a po-

tentiometric method, with assessment using 

standard methods, among others. The analy-

sis should be carried out for each soil horizon, 

once for each soil unit. The resulting values 

should be considered in the future. 

The determination of active limestone, which 

is considered a chemically more active fracti-

on of calcium carbonate, is of interest due to 

its potential to induce iron chlorosis, particu-

larly in sensitive species (vines, peach trees 

and others). This analysis should be done up 

to the rooting zone before planting to choose 

the right rootstock and, if necessary, diagno-

se chlorosis problems in a plantation.

04.02.04 Organic matter

Organic matter is determined by measuring 

oxidisable organic carbon. The value obtai-

ned provides a measure of relatively stable 

organic matter in the soil. This component 

has an impact on the soil structure, water 

storage, and the retention and supply of nu-

trients to plants. In Catalonia, the normal le-

vels are between 1% (worked, drier land) and 

3% (irrigated areas). This analysis should be 

undertaken at least every five years in con-

ventional agriculture. In organic agriculture it 

should be carried out more frequently, as this 

kind of farming is based strongly on nutrients 

released by organic matter and their role in 

soil structure. It is also important to know 

the value of the C:N ratio, which should be 

around 10 in agricultural soils. 

In this case, the Walkley-Black method is 

used, which consists of oxidation of organic 

carbon using an oxidising agent (potassium 

dichromate). This method measures the ex-

cess of dichromate to find out the amount of 

oxidised organic carbon. Then, the figure is 

corrected to transform the result into easily 

oxidisable organic matter. The result has a 

practical impact on the determination of soil 

properties and the capacity of soil to genera-

te nutrients. Organic matter acts as a reser-

ve of nutrients for plants, which are released 

in the mineralisation process. 

04.02.05 Measurement of grain size

The grain size composition of soils, otherwi-

se known as the ‘texture’, is one of the most 

important properties for users in qualitative 

terms. The impact of grain size on the soil’s 

work and on the retention of rain or irrigati-

on water is very clear. The capacity to retain 

nutrients also varies greatly between ‘large’ 

or more sandy textures and ‘heavy’ textures, 

that is, soils with more clay. The effects of 

the type of texture on hydraulic conductivity 

and soil percolation are also relevant and 

easily seen in the soil management post-

irrigation or post-rain.

Grain size is determined in the laboratory by 

obtaining the sand fraction by sifting and the 

silt and clay fractions by sedimentation. The 

most common technique used is the Robin-

Figure 5: Content of calcium carbonate equivalent in a set of samples from Catalonia. a wide range of results can be seen 
from non-chalky soils to extremely chalky soils.

Figure 6: Distribution of texture classification in an irrigated farm. The schedule and amount of irrigation can be adjusted depending 
on the soil texture classification. The capacity to retain available water can range between 9 to 11 cm/m in the sandiest soils and 
between 16-19 cm/m in the finest soils.
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son pipette method. First, organic matter in 

the sample is broken down and dispersed, 

sand is recovered by sifting, then there is a 

sedimentation process and pipetting of the 

silt and clay fractions. The texture classifica-

tion is obtained from the weight of the three 

fractions and their percentage distribution, 

with the help of a texture triangle. The USDA 

classification is the most commonly used in 

our environment (Figure 6).

As can be seen, analysis of texture is labo-

rious and there are shortcuts that a labora-

tory client should be aware of so that they 

know which product they are buying. Textu-

re can be determined ‘by touch’, by rubbing 

a wet sample between your fingers. With a 

little practice, this technique can be perfec-

ted, but it does not provide numerical data. 

What is not acceptable is for a laboratory to 

assess texture by touch, then use the trian-

gle to obtain numerical ‘results’ and charge 

for an analysis of the exact determination of 

fractions. Another shortcut consists of de-

termining two fractions correctly and then 

calculating the third fraction of grain size 

by subtracting from one hundred. This last 

option is easier to do than determining the 

three fractions, therefore it should cost less. 

Nothing is free, therefore you should ask the 

laboratory which method they use and what 

they are going to charge.

As soil texture does not change over time (or 

changes very little, unless the land is irriga-

ted with water with a high sludge content), 

we should not worry about spending money 

on this analysis if it is carried out rigorously. 

We should save the results on a computer or 

tablet for future activities on the same land, 

without needing to repeat this analysis.   

04.02.06 Macronutrients. Key elements: 
nitrogen, phosphorus and potassium

Soil properties do not necessarily have a 

one-to-one effect on the plant’s behaviour. In 

fact, there may be considerable interrelations 

between properties. Therefore, an analysis 

must consider the entire set of properties if 

it is to be accurate. However, if there are no 

other determining factors, the soil nutrient 

content has a major impact on agricultural 

production. Nutrients are the key to fertilisa-

tion and therefore to profitable production. 

They also affect quality and environmental 

aspects.

For example, there are many studies on the 

behaviour of nitrogen in the soil, and in many 

areas specific regulations are implemented 

whose aim is to optimise its use as a nutrient 

and minimise its impact. Analytical monito-

ring provides systematic information on the 

mineral nitrogen content in the soil (Figure 7).

There are various forms of nitrogen in soils. Mi-

neral forms (nitric and ammoniacal) are of parti-

cular interest in fertilisers, as this is the fraction 

that is most readily absorbed by the plant. Fre-

quent monitoring of the nitrate content of soil is 

essential to carefully adjust nitrogen fertilisation, 

taking into account variability in the soil profile 

due to the properties of soils, the rate of ex-

traction by plants, and the rate of leaching. It is 

essential not to cause physiological imbalances 

in the plants, not to lose nitrates through water 

drainage from the soil to surface groundwater 

and, of course, to optimise nitrogen fertilisation.

Phosphorus and potassium are the other 

two key macroelements in plant nutrition. 

Plants need large amounts of them, in ad-

Figure 7: Example: average levels of nitrates in the soil in a very intensive agricultural area (left) and a more extensive agricultural 
area (right). In the area of intensive agriculture, the contents are higher overall. This means that the management of nitrogen fertiliser 
should be more demanding in areas with high contributions.
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dition to nitrogen. Export of 300 kg/ha of 

potassium (K) is common in certain intensive 

crop systems.

Phosphorus levels are determined using the 

Olsen method that determines the amount 

of P available to the plant within the pool of 

the forms of P in the soil. The analysis of po-

tassium content is based on extraction with 

ammonium acetate, which is also known as 

assimilable or exchangeable potassium, ba-

sed on the process described in the method. 

In both cases, these are key determinations 

in the plan for nutrition of the plants and fer-

tilisation (Figure 8).

04.2.7. Other relevant properties in soil 
analysis

The list of recommendable analyses also 

includes, in many cases, cation exchange 

capacity and interchangeable cations (Met-

son method); determination of the content 

and type of salts by determining cations and 

anions in an extract of saturated paste; de-

termination of micronutrients by the action 

of various extractants, whether through the 

analysis of soils or leaves; the total content 

of heavy metals through acid extraction; the 

water retention capacity available between 

different potentials; the index of chlorosis 

power; as well as other specific determina-

tions depending on the soil context and the 

problem.

05 Conclusions

Determination of the soil properties means 

obtaining field data with assistance, if ne-

cessary, and obtaining data from an expert, 

reliable laboratory. Both sets of data are 

required to provide the information needed 

to take a technical path towards quality pro-

duction that is feasible, economically sustai-

nable in the long-term, and respectful to the 

environment, which are all requirements for 

sustainable development.

Recognition of the importance of soil pro-

perties and adapting the management to 

the characteristics and properties measured 

in the field and the laboratory is a working 

method that is highly justified in advanced, 

science-based agriculture. Experimentation 

supports this systematically: decisions rela-

ting to soil properties are more cost effective 

when they are supported by objective infor-

mation from the field and the laboratory. 

Ensuring the feasibility of a new plantation 

(a soil map combined with field and labora-

tory data); determining the right amount of 

water to add in terms of quantity and time 

(soil data combined with the use of sensors); 

promoting the protection of soils from erosi-

on and conserving water (implementation of 

measures to control runoff that are compati-

ble with mechanisation); adapting and bene-

fiting from agricultural and livestock waste, 

improving the control of salinity (salination 

stress occurs if the irrigation water contains 

salts; therefore salinity should be monitored 

in irrigated fields); and avoiding a shortfall or 

excess of macro- and micronutrients (that 

can be verified by an analysis of soils and le-

aves) are all examples of operations in which 

suitable information about the soil is of im-

mediate use.

This essential information, which is not diffi-

cult to obtain or hard to interpret, has a very 

high cost-benefit ratio and is of great use in 

sustainable agriculture. Information on each 

plot can be stored in a computer, together 

with data on management and production. 

This information complements the experi-

ence accumulated empirically over many 

Figure 8 Examples: average levels of phosphorus (P Olsen ppm) in soil in an area with intensive agriculture (left) and in an area with a high 
concentration of livestock waste production(right). Doses need to be adjusted depending on the results obtained for the scale of the plot.
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years, the farmer’s knowledge, from which 

technicians learn and to which they contri-

bute, to make progress on the basis of what 

farmers already know. 
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THE SOIL MAP (1:25000) OF CATALONIA

01 Introduction

The concept of soil has different meanings de-

pending on the field of activity of the person 

who defines it: farmer, engineer, planner, geo-

logist, politician, among others. The European 

Commission has defined soil as the upper layer 

of the Earth’s crust that is comprised of a mix of 

mineral particles, organic matter, water, air and 

living organisms. 

This mix, which is located at the interface of 

lithosphere, hydrosphere and atmosphere, is 

a natural living body that is dynamic and non-

renewable in the short- to mid-term. It has a 

series of functions that tend to be divided into 

two major groups, one that is more ecological 

and another that is closely associated with hu-

man activities.

The importance of soil information is reflected 

in the large number of specific applications that 

can be generated for basic, georeferenced in-

formation about soils. Examples of these ap-

plications are maps to interpret soil characte-

ristics (texture classifications, pH levels, salinity 

levels, and water retention capacity, among 

others), and maps for evaluation that can be 

used to analyse any situation that involves soil 

information (assessment of the productive ca-

pacity of the soil, erosion risk, adaptability of 

irrigation systems, suitability of land, etc.).

For many years, specialists have worked to 

develop suitable, efficient methods for determi-

ning and illustrating the spatial distribution of 

soils in the landscape. Soil mapping is a term 

that describes the processes of understanding 

and predicting this spatial distribution of soil. 

These processes include the description of 

profiles, sampling, analysis of soil properties (in 

the field and in the laboratory), the interpretati-

on of results and, finally, the creation of maps. 

Therefore, soil maps are the documents that 

best show the different kinds of soil in an area, 

their morphological characteristics, physi-

cochemical properties and spatial distribution.

In 1983, the Government of Catalonia’s Ministry 

of Agriculture, Livestock, Fisheries and Food 

(DARP) started a project to obtain a 1:25,000 

scale soil map of the areas of most agricultu-

ral interest. After some time, the project was 

named the Soil Map (1:25,000) of Catalonia 

(Herrero et al., 1993).

The strengths and weaknesses associated with 

the approach of this project were maintained 

until 2007, when, under Law 19/2005 of the 

Parliament of Catalonia, the Geological Institute 

of Catalonia (IGC) was created. The functions 

of this Institute include promoting and carrying 

out actions related to knowledge, prospecting 

and information on soil within the jurisdiction of 

the Government of Catalonia.

Since 2013, these functions have been taken 

on by the new Cartographic and Geologi-

cal Institute of Catalonia (ICGC). Through the 

ICGC’s geological mapping programmes and 

specifically Geowork IV: Soil Map, the Insti-

tute has continued to work on and promo-

te the project that was initially started by the 

DARP, under a collaboration agreement signed 

between the two institutions.

02 Soil study and mapping

The study of soil in the field starts with a syste-

matic description and characterisation of soil 

morphology (Figure 2). Figure 2: Soil profile. The morphologies can be seen.

Figure 1: Fragment del mapa de sòls corresponent al full de Vilafranca del Penedès 419-2-2.
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The description of soil generally includes the 

following blocks of information: 

- General information: reference of the profile, 

date of the description, people who undertook 

the description, location, etc.

- Description of the place: position of the soil 

in the toposequence, morphology of the place, 

presence of outcrops, surface stoniness, pa-

rent material and underlying material, vegetati-

on and use of the area.

- Description of the soil profile, horizon by hori-

zon: soil depth, thickness of the different hori-

zons, characteristics of the boundaries betwe-

en horizons, moisture content at the time of the 

description, colour, flecks, grain size or texture, 

content of large elements, structure, consis-

tency, compactness, presence of cracks, se-

condary accumulations, biological activity, root 

system, anthropic activities, field tests to verify 

working hypotheses and make a more accura-

te diagnosis.

A macromorphological study of soil is comple-

mented by characterisation of its hydrological 

properties (water retention capacity, infiltration, 

hydraulic conductivity) in the field, and deter-

mination of the bulk densities of the different 

horizons (Figure 3).

In the laboratory, a physicochemical charac-

terisation is carried out on samples collected 

during the description of the soil profiles. Re-

search studies may use other more specia-

lised techniques (micromorphology, electron 

microscopy, X-ray diffraction, nuclear magnetic 

resonance, fluorescence, differential thermal 

analysis, image analysis, etc.) to study soil or-

ganisation and the nature of soil components 

in greater depth.

To establish the different types of soils that are 

shown on the maps, an approach proposed by 

Dokutxàiev is generally used, which was rigo-

rously described by Jenny in 1941. According 

to this model, soil is the result of the combined 

action of some processes of formation (addi-

tions, losses, transformations and transloca-

tions) on a series of ecological factors of soil 

formation (parent material, position in the relief, 

living organisms, climate and time).

These types of soils comprise the taxonomic 

units of the soil map; that is, the units for clas-

sifying this entity.

The taxonomic units are defined for each map-

ping project, according to the objectives of the 

scale of the work, and they share a range of 

unique characteristics. However, over time, as 

the mapping progresses and new information 

is analysed, these ranges are adapted. For this 

reason, most of the soil classification systems 

are open and can be modified easily. 

The spatial distribution of the different kinds of 

soils is represented on the maps by delinea-

tions, which are also called polygons or tiles, 

that are represented in the same way: colour, 

pattern, code or symbol. All of the delineations 

formed by the same type of soils, which are 

therefore represented in the same way, consti-

tute one mapping unit. 

Mapping units are comprised of one or several 

main or predominant kinds of soils and other 

types of soils that cannot be represented on the 

map, at the scale of work, due to the small sur-

face that they occupy. These other kinds of soils 

are called inclusions or impurities on the map.

The ICGC soil maps use two types of mapping 

units (Figure 4):

Figure 3: Some complementary determinations for soil characterisation: hydraulic conductivity using a Guelph permeameter, and determination of the bulk densities of a horizon.

Figure 4: Types of mapping unit in the DARP-ICGC maps.
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- Consociations. These are mapping units 

with a predominance of one type of soil in over 

50% of the surface area. In addition, the sur-

face occupied by dissimilar soils is less than 

25%.

- Complexes. These are mapping units with 

a predominance, in over 75% of the surface 

area, of the types of soils that give their name 

to the unit. 

Similar soils are defined as soils that belong to 

a different type to that represented on the map, 

but respond similarly to use and management; 

and dissimilar soils are those that belong to 

another type of soil to that represented on the 

map, and respond very differently to manage-

ment and use.

On the maps, the graphic representation of 

soils shows clear limits between delineations, 

although in practice soils tend to present con-

tinuous, more or less gradual lateral variation. 

In addition, this variation is not generally the 

same for all the characteristics that define the 

different types of soils. Therefore, when we use 

a soil map we must take into account that the 

limits in the field may not be as clear as they 

appear from the lines and polygons that repre-

sent them.

Today, all of the data that are compiled and 

generated during the creation of maps are 

included in geographic information systems. 

These enable the capture, storage, upda-

ting, editing, analysis and presentation of 

data.

03 Soil Map (1:25 000) of Catalonia

The sheets provide information on the spatial 

distribution of the different types of soil that ap-

pear in the region, their morphology (soil depth, 

presence and distribution of genetic horizons, 

colour, texture, large element content, struc-

ture, consistency, compactness, human and 

biological activity, presence of cutans and ac-

cumulations), on their chemical characteristics 

(soil reaction, electrical conductivity, organic 

matter content, carbonate content, cation exc-

hange capacity) and their physical characteris-

tics (grain size and bulk density).

Traditionally, soil maps are divided into two 

parts: the map itself, and an explanatory report. 

Figure 5: Soil Map 1:25 000 of Catalonia (MSC25M). Sheet on Térmens 359-2-2 (64-28). The elements that form part of the sheet are: 1.- Title Page, 2.- Soil map on the scale of 1:25,000, 3.- Legend, 4.- Description 
of the main types of soils, 5.- Summary of the method, 6.- Table of the physicochemical properties of the main types of soils, 7.- Map diagrams at scale 1:100,000, 8.- Diagram of classes of land capability, at scale 
1:5,000, 9.- Credits and authors, 10.- Legend for the topographic base of the map.
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Both should be considered complementary 

documents. The Bellvís series, which was cre-

ated some time ago, is one of the best exam-

ples of what a soil map should be like.

To make the tasks of editing easier and to 

adapt to ICGC publishing policies, the Soil 

Map (1:25,000) of Catalonia (MSC25M) uses 

a more simplified presentation in sheet format. 

The main soil elements are represented with a 

suitable resolution for land use planning. The 

304 sheets covering the territory of Catalonia 

are continuous with adjacent sheets, in map-

ping terms. Therefore, they should be conside-

red one soil map. 

The soil information that is included in the 

sheets is drawn from mapping work and other 

past and recent soil studies carried out directly 

on the land; chemical analysis of samples gat-

hered during these studies; field work under-

taken to determine physical characteristics; 

and the analysis and interpretation of aerial 

photographs from past and recent flights, ort-

hophoto maps, and digital models of the eleva-

tion of land generated by the ICGC. 

Information on the MSC25M sheets is organi-

sed in such a way that it can be interpreted at 

different levels: the most basic, in which a user 

identifies the type of soils at a specific point in 

the territory (two dimensions); predictions of 

what can be found at depth at a specific point, 

using the sequence of horizons for the type of 

soils (three dimensions); and the suitability of 

the soils for different potential situations (soil 

assessment, four dimensions).

Each sheet is comprised of a soil map, a set of 

graphic elements (photographs, diagrams and 

tables) and texts to understand the soil charac-

teristics in the represented territory. Therefore, 

these are documents with internal consistency 

that contain all of the information required to 

read and interpret them correctly (Figure 4).

The main element of the sheet is the soil map 

1:25,000. This map contains a series of deline-

ations that represent areas with different soils, 

and some headings that refer to the main soils 

within each delineation.

The soil map legend consists of a list, organi-

sed under headings, of all the map units inclu-

ded in the soil map. The legend was drawn up 

using a combination of three letters that refer to 

the name of the type of soils.

Wherever possible, the map units include 

consociations of the main types of soil on the 

sheet, as defined in the Soil Survey Manual 

(SSS, 1993). When this was not possible due 

to variability in soil distribution, complexes were 

mapped.

The types of soils defined in the MSC25M were 

determined on the basis of the parent material, 

the effective rooting depth, the kind of draina-

ge, the horizons that have been determined 

and their arrangement, the texture or grain size 

of the horizons, and the content of large ele-

ments. Soil types were classified on the basis 

of the US Department of Agriculture’s (USDA) 

Soil Taxonomy system. To standardise and har-

monise the information, they were correlated 

with soil groups in the World Reference Basis 

for soil resources, endorsed by the Internatio-

nal Union of Soil Sciences (IUSS). 

The sheets in the MSC25M series present a 

detailed description of the main types of soils 

that are present. To make this description cle-

arer, a photograph of the sample that is consi-

dered the most representative of the zone has 

been included. In addition, the sheets contain 

a table summarising some of the most nota-

ble physicochemical characteristics of each 

soil type. These characteristics were determi-

ned using analytical methods approved by the 

Ministry of Agriculture’s Committee for Official 

Methods of Analysis and Laboratories (MAPA, 

1986). 

On the sheet, there is also a brief summary of 

the method used to create the map and the cri-

teria used to define and describe the different 

types of soil and map units.

The map diagrams that are included facilitate 

the interpretation and visualisation of some 

important soil characteristics that appear on 

the map: soil depth, available water retention 

capacity, underlying material and drainage, 

among others. In the diagram of land capability 

classes, the aim is to provide a simple assess-

ment of the production potential of the map 

units, which is why this aspect is presented on 

a bigger scale.

A soil map always has an interpretative com-

ponent and therefore the authors of the map 

should be indicated, as well as everyone who 

has made it possible to publish the sheets, and 

the dates on which various tasks were under-

taken.

The sheets of MSC25M are distributed in print, 

and online in a vectorial and geoPDF format on 

the ICGC website.

Finally, we should indicate that the websites of 

the DARP, the ICGC and the Institute for Ca-

talan Studies include very valuable information 

that could complement and enrich the infor-

mation presented in the sheets of the Soil Map 

(1:25,000) of Catalonia.
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THE SOIL MAP AS A TOOL FOR DECISION-
MAKING AND LAND USE PLANNING 

01 Introduction

As we have seen in this monograph, soil 

has many intrinsic physical and chemical 

properties. In addition, some extrinsic pro-

perties such as slope, orientation of the plot 

and surface stoniness should be taken into 

account in soil assessments issued on sui-

table crops or on a specific agricultural or 

other land use.

The user friendliness of technological tools, 

the amount of digital information that is cur-

rently available, and the opportunity to study 

it together has led to results that are presen-

ted below.

From an agricultural perspective, there are 

increasing demands for product quality and 

respect for the environment. Consequently, 

agricultural production needs to be differen-

tiated. It must be carried out in a suitable 

place, from the perspective of climate and 

soil. The aim is to produce quality products 

with as little added as possible. The identifi -

cation of highly suitable areas for agricultural 

use should be essential in the land use plans 

for a territory. This information leads expert 

planners and/or politicians to promote agri-

cultural use and prioritise it over demands 

for the unceasing ‘consumption’ of land for 

other uses.

The aim of a soil assessment is to identify and 

compare the most promising types of uses in 

relation to specifi c units of the territory.

A soil assessment can be carried out using 

a soil map in which the properties that are 

described are very stable over time.

02 Study of unique properties

After a study of soil maps, we can represent 

isolated properties, such as levels of salinity/

sodicity, drainage (Figure 1) or active limestone 

content (Figure 2) for a specifi c rooting depth. 

These are specifi c subject maps, such as those 

that represent a chemical or physical characte-

ristic in the entire mapped area. 

For most crops, we need land that is free of 

salinity. Therefore, a map of the soil’s electrical 

conductivity will help to fi nd quality land with 

lower salt levels.

Users may need to know these and other pro-

perties. For example, good drainage is needed to 

plant fruit trees. A search for suitable land for alfal-

fa, millet or other crops should take into account 

that these crops need a lot of water to develop. 

Figure 1: Classes of drainage in soils
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Figure 2: Content of active limestone (%) in soils.

Therefore, the land should have good water re-

tention or must be irrigated more frequently.

If we want to plant fruit trees or grapevines, 

we should use suitable rootstock depending 

on the content of active limestone in the soil 

(Figure 2).

03 Assessment of soils for crops

Soils were assessed for crops using the FAO 

method. In addition to soil properties, this met-

hod examines climate criteria, slope maps and 

geomorphology. Soil information is drawn from 

1:25,000 scale soil maps created by the DARP 

over the last three decades, and crop informa-

tion provided by specialists from the Institute 

of Agrifood Research and Technology (IRTA), 

cooperatives, the Plant Protection Association 

(ADV) and crop experts that assess each case.

A comparison of the qualities of the land and 

the requirements for use shows the degree of 

suitability in each case. There are three classes:

• Recommended (the crop is very suitable for 

the map unit under assessment).

• Usable (special management of the crop and/

or plot is required).

• Not recommended (limitations make it inadvi-

sable to use the species or variety).

The use of soil information at this scale (1:25,000) 

provides general assessment maps for a large 

area, such as a province, a designation of ori-

gin, or a municipal area. If we wish to assess a 

particular farm, more detailed soil information is 

required, for example, at scale 1:5,000.

Figure 3 shows the varying suitability of soils in 

the same area of DO Penedès for two objecti-

ves: a Chardonnay crop for white wine and for 

cava production. Figure 4 illustrates that very 

little of the municipal area of Sant Climent de 

Llobregat is recommended or usable for a crop 

of cherry trees for wood.

In any case, the availability of soil properties in a 

georeferenced, consolidated database should 

help to meet the public’s information needs in 

the future, to switch crops, change from dry 

farming to irrigation, etc.

04 “The best soils”

As we have seen in the previous section, the 

same soil could be highly suitable for one agri-

cultural or forestry use, but not so good for 

another (Figure 3). Consequently, we cannot 

classify a soil as good or bad: a deep, avera-
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ge texture soil without stones may be ideas for 

producing millet, but could be very bad for gra-

pe production for wine. 

Despite this premise, everyone wants to clas-

sify soil from the best to the worst, particularly 

land use planners, land registry offi ces and 

agricultural services companies, among others. 

Within the wide range of existing assessment 

systems (Boixadera i Porta, 1991), Land Capa-

bility Classifi cation and Prime Farmlands have 

been selected as the most interesting, given 

that we are concerned with agricultural use.

The fi rst is a category system, drawn up by the 

US Department of Agriculture (USDA). It groups 

soil units according to their current productivity 

characteristics, without degradation of the soil 

resource in the medium to long-term (Klingebiel 

& Montgomery, 1961), and without referring to 

a specifi c crop or practice.

The system is based on establishing a limited 

number of categories, indicated by Roman nu-

merals, ranked in increasing order of limitations 

and decreasing suitability and types of recom-

mended uses.

The system has been adapted by the Soil Con-

servation Service (MAPA, 1974), to establish 

eight land capability classes (Table 1). The land 

capability subclasses are designated with a 

sub-index that accompanies the class number, 

and indicates the main limiting factor (soils, ero-

sion, drainage, etc.).

CLASS LAND CAPABILITY OBSERVATIONS

I Suitable for crops. Few limitations restrict its use

II Suitable for crops with slight limitations. Minimal conservation practices are required.

III Suitable for crops with stronger limitations than the 
above class.

Moderate conservation practices are required.

IV Suitable for occasional or very limited crops. Very careful management is required.

V Only suitable for pasture and forestry. Crops should not be cultivated.

VI Only suitable for pasture and forestry. Crops should not be cultivated. Suitable for woods and pastures. 

VII Not suitable for crops, pastures or forestry. Crops should not be cultivated. Suitable for pastures and woods.

VIII Not suitable for crops, pastures or forestry. Crops should not be cultivated.

Table 1. Meaning of the Land Capability Classes (MAPA, 1974).

Figure 3: Assessment of soils in the municipal area of Sant Climent de Llobregat for a cherry tree orchard for wood.
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Chardonnay white wine
Figure 4: : Assessment of the same geographic area for two types of wine production: Chardonnay for cava, and Chardonnay 
for non-sparkling white wine.

Chardonnay white wine

The United States Agricultural Department 

(USDA, 1983) includes various types of agri-

cultural soils of special interest, including Prime 

Farmlands, which are defi ned as the best land 

for the production of food, fodder, fi bres and 

oleaginous crops.

According to USDA criteria, for soil to be consi-

dered Prime Farmlands they must have:

a) A suitable water supply.

b) A warm temperature regime and a growing 

season that is long enough for crops that are 

suitable for the area.

c) A pH of water (1/1) that is between 4.5 and 

8.5 in the root zone.

d) A water table that is deep enough during the 

crop growing period.

e) An exchangeable sodium percentage (ESP) 

under 15, and electrical conductivity of satu-

ration extract that is less than 4dS/m at 25ºC 

within the root zone.

f) No fl oods one of every two years.

g) A product of the factor of soil erodibility (K) 

for the slope percentage under 2.0.

h) Hydraulic conductivity that is at least 0.036 

m/day in the fi rst 50 cm.

i) A surface horizon with less than 10% of elements 

larger than 7.5 cm in their largest dimension.

These soils have physical and chemical pro-

perties that are favourable to obtain good crop 

yields, in a sustained way.

As can be seen in Figure 5, which shows the 

soils in the municipal area of Riudellots de la 

Selva according to the two systems of assess-

ment, the prime farmlands coincide with land 

capability classes I and Ia.
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Figure 5: Assessment of soils from the Riudellots municipal area (La Selva), according to the Land Capability Classes and Prime Farmlands.

Riudellots de la Selva Soil Map
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THE INTERVIEW

www.ruralcat.net

“CONSULTING THE SOIL MAP CAN LEAD TO 
SUBSTANTIAL SAVINGS IN ANALYSES”

Francesc Domingo Olivé is an agricultural 

engineer who works for the Mas Badia 

Foundation in applied research and 

dissemination on well-considered, 

sustainable use of livestock waste in 

crop fertilisation.

Francesc Domingo Olivé
PhD in Agricultural Engineering 
Mas Badia Foundation
La Tallada d’Empordà (Baix Empordà) 

Excerpt from the interview published in www.ruralcat.net

On a farm, the cost of fertilisation is one of the 

biggest expenses. In this interview, we talk with 

Francesc Domingo about the Soil Map as an effec-

tive tool for fertiliser recommendations. Francesc is 

an agricultural engineer at the Mas Badia Foundati-

on, and a specialist in fertilisation, use of livestock 

waste and soil management.

Should soil characteristics be considered in 
fertiliser recommendations? 

Soil is the medium from which plants draw nu-

trients, to which we can add what they need to 

grow and develop. So, yes, we need to know the 

soil characteristics when we recommend fertili-

sers for crops. 

Is the Soil Map a useful tool to obtain the pa-
rameters needed to recommend fertilisers? 

Yes, because it provides useful information on 

some characteristics that could be of interest. 

However, it does not provide all the necessary in-

formation. The Soil Map of Catalonia essentially 

refl ects the properties of soil that are more per-

manent, that do not vary much in the long term. 

In general, these properties infl uence recommen-

dations indirectly (texture, depth, water retention, 

acidity or alkalinity, limestone, drainage and sali-

nity, among others).

This Soil Map does not include the most impor-

tant information on nutrient content, because this 

is directly related to the management of each plot 

over the years. There may be enormous variations 

between two adjacent plots or even within the 

same plot, depending on the history of fertilisation 

(use of livestock waste and fertiliser, amount and 

types) and the crops that have been grown.

Could fertiliser recommendations be impro-
ved with good soil information?

To make suitable fertiliser recommendations, we 

need to know about the soil in which the crop will 

be grown, through information available in the Soil 

Map, observation, direct studies or other alterna-

tives. Fertiliser recommendations made without 

minimum knowledge of the soil in the plot are 

unacceptable, bad technical practice. 

“Consulting the soil map before planning sam-

pling could help to improve and rationalise the 

sampling process, and lead to savings and more 

accurate information.”

Could consulting the Soil Map help to save 
on some soil analyses?

Yes, consulting the Soil Map could lead to subs-

tantial savings when we carry out soil analyses. 

Often, we request the determination of parame-

ters of soil samples without refl ecting too deeply 

on whether they are necessary or whether we can 

fi nd this information some other way. Soil proper-

ties that are invariable over time can be found out 

by consulting the Map; there’s no need to analyse 

them again or repeatedly. Consulting the soil map 

before planning sampling could help to improve 

and rationalise the sampling process, and lead to 

savings and more accurate information. 

In addition, when faced with a crop development 

problem, consulting the Soil Map could help 

to provide guidance on the possible cause (for 

example, salinity, drainage, etc.) and which spe-

cifi c analyses should be carried out. This would 

save time and money.

How can the Soil Map improve irrigation?

Although this is an aspect that has not been exami-

ned in depth, I think the soil map could improve all 

stages of irrigation, from general planning to daily 

management of the irrigation of agricultural plots. 

The Soil map contains important information for 

careful management of irrigation, such as the tex-

ture of the different layers and the rooting depth, 

which determine the capacity of each soil type to 

store water for plants, the drainage capacity, the 

abundance of salts, and other factors. All of the-

se aspects could help to defi ne the most suitable 

areas for irrigation, select an irrigation system, 

determine sectors to make watering as even as 

possible, and decide on the amount of water to 

apply and the frequency.

What do you think of the work done by the DARP 
and the ICGC on studying the soils of Catalonia?

I consider that these institutions have made a 

great effort, when this information is not generally 

highly valued, and with a lack of funds, particularly 

during this time of recession. But what is impor-

tant is that, as a result of this effort, a soil map is 

available for most of the main agricultural areas of 

Catalonia on a large enough scale to extract use-

ful information for soil management. The availabi-

lity of this information for the entire territory would 

put us on the same level as the most developed 

countries in the world. This is one of the objectives 

that we must attain in the medium term. The other 

would be to provide tools to increase the use of 

this information. 


