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Water, that is often the main limiting factor of 
plant growth, is also the main factor directly or 
indirectly responsible for soil and land 
degradation processes

The soil moisture regime, determined by the 
changes in soil water content with time, is the 
main single factor conditioning plant growth and 
crop production

The processes of soil and water degradation, 
leading to desertification, are strongly linked to 
unfavorable changes in the hydrological processes
responsible for the soil water balance and for the 
soil moisture regime

These are affected by the climate conditions and 
variations, and by the changes in the use and 
management of soil and water resources



Soil quality paradigm?

Soil quality assessments of degradation have been
using in many cases mostly subjective perceptions
and soil quality indices, scored from empirical
judgements, generally narrow in scope and with a 
taxonomic bias, which do not allow to relate the
evaluation to the overall sustainability of alternate 
land use systems (production, control of
environmental impacts, etc).

This would be only possible if they were based on
clear and objective hydrological principles and
quantitative measurements or estimations of
hydrological parameters, aimed at problem solving.



The evaluation of soil and water degradation 
processes must allow to:

-design sustainable and productive land use 
and management strategies, which guarantee 
protection of the environment, 

-previewing the effects of different 
combinations of climate, slope and 
management, including extraordinary events 
with low return period.

That requires to change the present mostly 
empirical subjective and qualitative 
evaluations, by quantitative evaluations based 
on hydrological processes



The evaluations must take into consideration 
that soil degradation not only causes problems 
in-site, but it may cause serious probles off-
site.

AN HYDROLOGICAL APPROACH DOES 
FACILITATE A MORE INTEGRAL 
EVALUATION AT BOTH LEVELS



The main objective must be to evaluate such
hydrological processes, and to select and
develop methodologies and techniques to
correct or to control them under different
conditions of soils, topography and climate. 

This is required for suppressing or alleviating
the negative effects of soil and water 
degradation on sustainable agricultural
production, on the supply of water in adequate
quantity and quality for the different potential
uses, and on catastrophic events such as 
flooding, sedimentation, landslides, etc



Although the close interaction between the
conservation of the soil and water 
resources is increasingly being accepted, 
still in most of the cases they are evaluated
separately, and consequently the prediction
and prevention of the effects derived from
their degradation are inadequate in many
situations. 

This will become more important under the
previewed effects of global climatic
changes, which would mainly affect
hydrological processes in the land surface.



Global climate change prediction, although still rather
uncertain, will increase rainfall in some regions, while
others might become drier, in a rather uneven spatial
and time distribution. 

This may contribute to accelerate some land
degradation processes leading to larger runoff and
erosion, and to increased risks of floodings, 
landslides, mass movements and mud-flows in tropical 
regions, and to higher risks of crop production in 
subtropical and temperate regions.

But in any case, land use changes, including deforestations, and
other human activities leading to soil degradation processes may 
affect more the soil hydrological processes and their effects on
land degradation, than the previewed global climatic changes, or
may increase the influence of these changes.



The methods and techniques applicable for
predicting soil hydrological behavior under field
conditions should allow simple and direct
measurements, based on comprehensive physical
relations, and should take into consideration the
dynamic aspects of the soil hydrological
properties, highly dependent on soil structure). 

The objective has to be obtain approximations
acceptable within the limitations of the used
methodologies, which can provide practical
guidelines for field situations.











There are urgently required new methods and 
technologies for the effective evaluation of the soil 
physical properties required to simulate  ever 
increasing complex systems at field level, and to 
improve the present  methodologies of soil and 
water sampling. 

Field scale variation of physical properties needs to be 
understood. The spatial variability of processes tends to 
differ from the spatial variability of physical properties 
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The simple field techniques must be preferred, 
because of operational considerations, and
because they are more able to be adapted to the
required sample volume and spatial variation -
there are possible more replicate 
measurements- of soil hydraulic properties
under field conditions.

Although modern indirect techniques like remote 
sensing, computerized data processing, GIS and
simulation models may help in the required
evaluations, they will always require of actualized
and accurate direct measurements or estimations of
soil hydraulic parameters.



The increased requirements of more quantitative results
in probabilities and risks of soil degradation and its
influence on crop production and environmental
damage, may be partially satisfied with the use of
modeling, where the large number of important variables 
involved in the degradation processes, and their
interactions, may be integrated. 

Direct measurements of runoff and soil loss
in the traditional erosion field plots, is a 
slow and costly process, due to the high
variability of climate and soils in time and
space, which makes it not practical in places 
where the resources are scarce and there are 
required short term solutions.



The presently used empirical models must be 
replaced with process based event models, which
require a better understanding of changing
hydrological properties as influenced by soil
management, cropping sequences, vegetation, and
climate. 

Simulation models based on hydrological processes
may be very helpful to integrate and to convert the
measured or estimated soil, climate, plant and
management parameters into predicted soil water 
balances and soil moisture regimes for each
particular combination of them, actual or previewed.



These models may be very simple, or they can 
be extremely complex.

Simulation errors derived from estimation
errors in soil properties and the sampling
costs are generally lower when simple models
are used for predicting water balance in space. 

Additionally, simpler models require fewer
input data, and therefore they allow larger
samples and sampling densities for a given
field measurement.



They may be used to predict the soil moisture
regime, including waterlogging, rainfall losses by 
surface runoff, and surface and internal drainage,  
under different conditions of soils, topography, 
climate, vegetation, crops and management. 

The predictions may be used to identify the more 
probable degradation processes, and for the
selection of the best alternatives, with more 
probabilities of success, of soil and water 
conservation practices for each combination of
soils, climate and topography.



Model “SOMORE” (Pla, 1997)



The simulation model SOMORE simulates the 
evolution of the soil water balance and regime in the 
soil

The predictions may be used to identify the more 
probable soil degradation processes, and for the 
selection of the best alternatives of soil and water 
conservation practices for each combination of soils, 
climate and topography
The main output of the model is the soil moisture 
regime at root depth, and the water losses by 
runoff and internal drainage

The predicted soil moisture regime may be 
interpreted in relation to problems of drought, at 
different times and growth stages of natural 
vegetation and crops
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Figure 3.- Soil moisture regime in the terraces of a vineyard (Anoia-Alt Penedés) during the 
year 1996 (Rain above average: 760 mm. Return Period: 5 years). Compacted layer (Ksat: 0,4 
mm/h) at 15 cm depth. No surface sealing (Minimum water intake rate: 20 mm/h)
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Such changes have mainly
affected the soil moisture
regime which especially under
Mediterranean climate is the
main factor determining the
quantity and quality of grape 
production
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The objective of this research has been:

-to study the effects on the soil moisture
regime of the soils of the changes in land
and crop management in three of the main
regions

Alt Penedés (Barcelona)

Priorat (Tarragona)

Costers del Segre (Lleida)

with vineyards dedicated to the production
of high quality wines and cava in Catalonia
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The main changes in land management in 
those three regions include:

-levelling and use of green cover in 
rainfed vineyards of the Alt Penedés

-terracing and tillage in rainfed
vineyards (ocassionally with a limited
complementary irrigation) of the Priorat

-complementary irrigation and use of
green covers in the Costers del Segre



PENEDÉS



PRIORAT



Splash

Runoff (Clean water)

Subsurface flow
and erosion

Internal
Drainage
(Seepage)

PRIORAT 
Steep slopes

No tillage. Flat stone pavement

Rain drops

Rock

Stones

Pavement

Clay

40

70

cm



Lanslides

PRIORAT
Terrazas con taludes inestables

Lluvias extremas

Rock

Stones

Soil



COSTERS 
DEL SEGRE



The climate in the three regions is
Mediterranean semiarid, with
average annual rainfall of:

-500 to 600 mm in the Alt Penedés
and Priorat regions

-300 mm in the Costers del Segre

very variable from one year to the
other, and mainly concentrated in 
the fall and spring seasons
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 Precipitacion Otoño
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Rain Costers del  Segre
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The soils in Alt Penedés and Costers
del Segre:

-mainly silty-loam textures

-derived of calcareous lutites

The soils in the Priorat:

-very stony (>50% coarse fraction)

-derived of slates

-calcareous only in the deeper soil
where the clay (smectites) content
slightly increases
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The studies included:

-the continuous registration in carefully selected
field sites of changes in the soil moisture regime, 
associated to:

·different rainfall amount and distribution

·differents soils and land and crop management

and its correspondence with the simulation for:

·different climate conditions (based on historical
records)

·hydrological properties (evaluated under field
conditions)

using the model SOMORE (Pla, 1997), based on
hydrological processes
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DEDUCTIONS

ANNUAL RAINFALL 

DAILY RAINFALL 

SOIL SURFACE CONDITIONS 
Rainfall infiltration rate 

Modifiable by 
management practices

SLOPE
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WATER PONDING

SURFACE
RUNOFF 

SURFACE
EROSION

WATERLOGGING

SURFACE DRAINAGEINFILTRATION 

SOIL ROOTING
DEPTH

Modifiable by
management 

practices 

INITIAL
SOIL 

MOISTURE
Day  “n”

INTERNAL 
DRAINAGE 

Ksat (Layer bellow
rooting depth)SOIL MOISTURE 

(Day  “n+1”) 

TILLAGE 
LIMITATIONS

MOISTURE
DEFICIT

IRRIGATION
REQUIREMENT

SOIL MOISTURE
 (Day  “n+1”)
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SOIL 
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(Ksat: Saturated hydraulic conductivity;   FC: Field Capacity;   PWP: Water retention at 1,5 Mpa) 
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Climate 
change (*)
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Model
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(Pla, 1997)



Slope Coarse Effective AWC         Rainfall K sat
% fraction rooting mm Infiltration (subsoil)

% depth mm/hour mm/hour
cm No cover Cover

____    ______   _________   _____  ______   ____    ______
PENEDÉS
NON LEVELED    10         <5          20     80        200      20         50           3
LEVELED               6        5-10        15     60        120            5         20          0,4

PRIORAT
SLOPES              50       50-60         0     40          61        >200     >200      >200
TERRACES           0       30-60       10    70          110       >100     >100      >100

COSTERS
DEL SEGRE
SLOPE              10-12    10-15       10    100       160           6          18          2,4
LOW LAND          0          8-10         5     55        110            1          6          1,3
FLAT LAND         0          5-7           5     50          90           10        45         30

(AWC: Available water capacity)
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CONCLUSIONS

-The recent changes in land and crop
management in dryland vineyards for wine
production in the Mediterranean regions of
NE Spain have mainly affected the hydrology
of the cropped lands. These effects could be 
increased under the previewed future
climate changes in the Mediterranean region

-The main effects are changes in the soil
moisture regime, which under Mediterranean
climate is the main factor affecting the
quantity and quality of wine production



-The previewed influences of the different
land and crop management practices on the
soil water regime are required to rationally
establish the basis for a more effective soil
and water management and conservation, 
leading to a more sustainale and regular 
production of high quality wines

-The soil water regime under the different
and variable climate, soils and land
management of the study sites could be 
reasonably well predicted with the adequate
simulation of the hydrological processes, 
based on climate information and on changes
in the soil water balance derived from the
soil hydrological properties properly
evaluated under field conditions



-Many of the available commercial equipments and
“standard” methodologies to evaluate soil physical and 
hydrological properties are useless or require major 
adaptations or changes to make adequate measurements 
in the field under the very particular soil 
characteristics, climate and topography in the areas 
with vineyards in the Mediterranean region. The same 
happens with the use of pedotransfer functions to 
deduce such properties.

-The use of data obtained with such equipment and
pedotransfer functions, without a critical validation
under the particular conditions of climate, topography
and soils where they are used, may lead to great errors
in the evaluation of the hydrological proceses and their
effects, related to different land management systems
in dryland vineyards.



It may be concluded that :

The processes of soil and water degradation are 
closely linked through unfavorable alterations in 
the hydrological processes determining the soil
water balance and the soil water regime. 

They are also conditioned by the climatic
conditions and by the use and management of the
soil and water resources. 

Therefore, an hydrological approach to the
evaluation and prediction of the conservation of
soil and water against degradation processes
would be essential for an adequate development, 
selection, and application of sustainable and
effective use and management practices.



New research approaches based on the
evaluation of the hydrological processes, 
under different scenarios on changing
climate, soil properties, and soil and crop
management, with the use of practical and
flexible models and computer based
programs, would help to select or develop
more adequate packages of technologies
to reduce soil and water degradation, and
to control their growing negative effects on
crop productivity, degradation of
ecosystems, and on derived catastrophic
events in the whole World
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