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1 Context 

The AGFORWARD research project (January 2014-December 2017), funded by the European 

Commission, is promoting agroforestry practices in Europe that will advance sustainable rural 

development.  The project has four objectives: 

1. to understand the context and extent of agroforestry in Europe, 

2. to identify, develop and field-test innovations (through participatory research) to improve the 

benefits and viability of agroforestry systems in Europe,  

3. to evaluate innovative agroforestry designs and practices at a field-, farm- and landscape scale, 

and 

4. to promote the wider adoption of appropriate agroforestry systems in Europe through policy 

development and dissemination. 

This report contributes to Objective 2, Deliverable 2.4Υ ά5ŜǘŀƛƭŜŘ ǎȅǎǘŜƳ ŘŜǎŎǊƛǇǘƛƻƴ ƻŦ ŎŀǎŜ ǎǘǳŘȅ 

ŀƎǊƻŦƻǊŜǎǘǊȅ ǎȅǎǘŜƳǎέΦ  ¢ƘŜ ŘŜǘŀƛƭŜŘ ǎȅǎǘŜƳ description covers the i) agroecology of the dehesa 

territory (climate and soil); ii) the components (trees, pasture/forage crops and livestock), their 

interactions, and the biological bases for their productivity; iii) the main marketable products, iv) 

selected ecosystem services such as carbon sequestration and biodiversity, and v) discussion of the 

economic value of dehesas.   

 

2 Background 

¢ƘŜ aŜŘƛǘŜǊǊŀƴŜŀƴ ǿƻƻŘŜŘ ǇŀǎǘǳǊŜƭŀƴŘǎ ƪƴƻǿƴ ŀǎ άŘŜƘŜǎŀέ ƛƴ {Ǉŀƛƴ ŀƴŘ άƳƻƴǘŀŘƻέ ƛƴ tƻǊǘǳƎŀƭΣ 

are agroforestry systems of high natural and cultural value (HNCV) that cover around 3.5 million 

hectares of the south-western Iberian Peninsula, where they are the main land use systems 

(Opermmann et al. 2012) and form one of the largest agroforestry system in Europe (Eichhorn et al. 

2006). 

 

The importance of dehesas rests on both environmental and socio-economic values. First, dehesa 

plays a prominent role in the economy of rural areas in southwestern Spain (Escribano and Pulido 

1998; Campos 2004; Pereira et al. 2004), because they occupy about 50% of grazing lands (Campos 

and Martín-Bellido 1997). In addition, dehesas are a fundamental component of regional identity, 

and are the source of high-quality food products derived from livestock production. In addition, 

dehesas have been valued at an international policy-making level for their biodiversity, aesthetic 

qualities and potential for tourism and recreation. Dehesas support a large number of species and a 

high diversity of habitats, being listed in the EU habitat directive as habitat with community-wide 

interest. Dehesas are among the best preserved low-intensity farming systems in Europe, and in 

them the integration of traditional land-use and biodiversity conservation is considered an 

exemplary land use management. 

 

Nevertheless, over the last few decades, dehesas and other agrosilvopastoral systems in Europe 

have faced several threats due to intensive land use imposed by a concomitant change in the 

technological and socio-economic conditions and unfavourable agricultural policies (Moreno and 

Pulido 2009). Increased mechanisation and increase stocking rates, together with the 

oversimplification of the management practices (notably a lack of livestock herding), have increased 

at least three sources of environmental degradation: i) soil erosion rates due to changes in the 

vegetation cover, soil properties and hydrological processes (Schnabel et al. 2004); ii) over-aged oak 
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stands due to a prolonged lack of regeneration (Plieninger et al. 2010) and iii) loss of diversity at 

various spatial scales (Díaz et al. 2013). In this context, the sustainability of the dehesa system has 

been seriously questioned (Moreno and Pulido 2009), and a considerable debate concerning the 

long-term persistence of dehesas has emerged, because the current low economic profitability of 

most dehesa farms and because most stands have over-aged trees and saplings are extremely 

scarce.  

 

To help dehesa farmer to overcome current difficulties and threats the University of Extremadura 

organised a stakeholder group focused on the Iberian dehesa in 2014. The initial meeting was held 

on 30 May 2014 in Plasencia at the Forestry School of the University of Extremadura. From the 

discussion initiated among stakeholders, together with the responses given to a semi-structured 

questionnaire a categorised list of constraints and opportunities, and a prioritised number of 

concerns and potential innovations for the development of Iberian dehesas were reported in the 

aƛƭŜǎǘƻƴŜ н όнΦмύ άLƴƛǘƛŀƭ {ǘŀƪŜƘƻƭŘŜǊ aŜŜǘƛƴƎ wŜǇƻǊǘ 5ŜƘŜǎŀ ŦŀǊƳǎ ƛƴ {Ǉŀƛƴέ όMoreno 2014). 

Further on the innovations to be tested by the Participatory Research and Development Network in 

the course of the AGFORWARD project were reported in January 2015 in the Milestone 3 (2.2) 

άwŜǇƻǊǘ ƻƴ LƴƴƻǾŀǘƛƻƴǎ ŦƻǊ IƛƎƘ bŀǘǳǊŜ ŀƴŘ /ǳƭǘǳǊŀƭ ±ŀƭǳŜ !ƎǊƻŦƻǊŜǎǘǊȅέ όaƻǊŜƴƻ Ŝǘ ŀƭΦ нлмрŀύΦ 

Finally, in October 2015 the experimental protocol to follow in the field test of the innovations were 

ǊŜǇƻǊǘŜŘ ƛƴ ǘƘŜ aƛƭŜǎǘƻƴŜ о όнΦоύ άSynthesis of the research and development protocols related to 

agroforestry of high nature and cultural valueέ όaƻǊŜƴƻ et al. 2015b, 2015c).  

 

Here, we present a comprehensive system description based on general descriptions and data 

compiled from the literature. Besides, the report include data measured in two well studied sites, 

one studied in SAFE project (http://www1.montpellier.inra.fr/safe) by the research team (Cuatro 

Lugares), and another currently studied in AGFORWARD (Farm 16 Majadas). For the latter case, a 

baseline assessment of the system functioning and productivity of the different components is 

currently conducted to provide data for modelling exercises. Missing data will continue to be 

sourced during 2016. Some issues identified key for dehesa persistence, such as a progressive soil 

degradation and deficit of tree regeneration, long term vegetation dynamic, and the role of the 

woody understory (matorral), are not addressed in this report.  

 

3 Description of System 

3.1 The system 

Dehesa agroecosystems are wood pastures where trees, native grasses, crops, and livestock interact 

positively under specific management practices. Basically, dehesas result from a simplification, in 

structure and species richness, of Mediterranean forests and shrublands, and are attained by 

clearing of evergreen woodlands, reducing tree density, eliminating shrub cover, and favouring the 

grass layer by means of grazing and crop culture. At present, dehesas occupy 2.3 million hectares in 

Spain and 0.7 million hectares in Portugal, where they are ŎŀƭƭŜŘ άƳƻƴǘŀŘƻǎέΦ  

 

Dehesas are characterized by the rearing of traditional livestock breeds at low stocking densities 

(cattle, sheep, pigs, and goats). For this reason the plant components of the system are managed 

according to the nutritional needs of the livestock. In a simple way the dehesa is structured in two 

plant layers, the herbaceous and the trees. The first generally consist of natural pasture although 

http://www1.montpellier.inra.fr/safe/
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crops and improved/sown pasture are also common. Trees, dispersed in low density,  are regularly 

pruned with the aim of maximising acorn production, providing leafy branches in summer and 

winter when the herbage production is low, and woodfuel for household use and sale. Trees also 

provide shelter from heat in summer, prevent soil erosion and desertification, enhance the 

vegetation and structural complexity of the ecosystem, provide habitat and resources for many 

species, and are an important food resource for livestock, especially for pigs.  

 

A third layer, shrub understory, is also common in dehesas. This usually has high diversity (it is 

frequent to find at least half a dozen of shrub species together, such as rockrose, heather, 

laurustine, strawberry tree, broom). These shrub species may have high nutritional interest (Hajer et 

al. 2004) both for the domestic livestock as well as for the game species. Recurrent shrub 

encroachment of dehesas may be needed to ensure the natural regeneration of the trees (Pulido 

and Díaz 2005). Nevertheless, this report will focus only on pasture/crop and tree layers.  

 

 
Figure 1. Distribution of dehesas in Spain (in red). Elaborated from SIOSE (2012) database. 
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Table 1. Main characteristics of the dehesas (adapted from Miguel et al. 2000) 
 

Main characteristics of the dehesas 

Productivity Low: 500-3000 forage units per hectare per year (Oviedo et al. 
2013); 1-4 sheep ha-1. 
Complements forest production or associated crops 

Efficiency 
(production/resources used) 

High 

Variability High, both spatial and temporal 

Stability (productivity variation 
along the time) 

High. Strong dependency on the variability of the annual 
Mediterranean climate 

Elasticity 
 

High. The system is able to recover after moderate human 
interventions 

Diversity High, biological as well as economic 

Direct Products 
 

Cereals, fodder/forage, meat (bovine, sheep, goat), cheese, 
hunting (partridge, rabbit, turtledove, deer, roe deer, wild 
boar), cork, fuelwood, charcoal, mushrooms, honey 

Environmental Goods  
 

High value landscape, erosion control, genetic resources 
(habitat of protected species), carbon sink 

 

 

 

 
Figure 2. Holm oak dehesas managed for a grassland understory using periodic cultivation. Some 
shrubs invade locally and periodically some patches.  
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Figure 3. Details of dehesa agro-ecosystems where trees, pasture, livestock and human-built 
features are prominent 
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3.2 Biophysical characteristics  

3.2.1 Climate 

The dehesa is mainly distributed in the southeast quadrant of the Iberian Peninsula where the 

climate is typically Mediterranean, with high climatic intra- and inter-annual variability. Rainfall is 

concentrated during the cooler months of the year and there is a long period of summer drought, 

with high temperatures and without relevant rain. The average rainfall in the areas where dehesas 

are found varies from 400 to 800 mm and the mean annual temperature ranges from 14 to 17̄C. 

During periods of dry and sunny weather, with high evapotranspiration, plant-available water is 

quickly exhausted. Im most years there is a water deficit between June and September. The typical 

climate of the dehesa is characterized in Figure 4 showing a four-month water deficit.  

 

  
Figure 4 Seasonal variation of climatic variable in the Mediterranean territory 
 

3.2.2 Soil 

The dehesas are basically in areas with undulating relief and moderate slopes. The plain areas are 

often cultivated and the more mountainous or steep areas are covered with forest or shrubs. The 

majority of the dehesas are between 350 and 550 m.a.s.l., although in the provinces in the North 

they are also frequently found at 800-900 m altitude and in the South at less than 100 m of altitude. 

Dehesas are usually found on acid soils (originating from siliceous nature (slate, granites, quartz 

rocks), with predominantly acid reaction), poor in nutrients and with shallow soils (rarely > 50 cm). 

This low fertility has limited the utilization for crops devoting most of the area to natural pasture. 

Soil variability is high in the dehesas as a result of erosion, transportation and sedimentation 

processes from hillsides and seasonal streams. The soil within a small area can range from red deep 

soils with a thick clay soil layer (e.g. luvisols) to shallow, stony soils (e.g. leptosols), and cambisols 

with different depths and development.  A diversity of dehesa properties is likely to be found on any 

given farm. 

Based on large-scale monitoring of dehesa soils conducted in Extremadura region (54 soil profile 

analysed), Schnabel et al. (2013) reported the main characteristics of dehesas soils. They have thin 

άAέ horizons ranging from 2 to 8 cm and a sharp lower limit. Soil organic carbon content (SOC) is 

generally low, with a mean value of 11.6 g kg-1. Soils are acid, with 80% of samples being strongly to 

moderately acid (pH = 5.0ς5.9). They have low contents of exchangeable cations and available 

phosphorus (Table 2). Bulk density is fairly high, with an average of 1.52 g cm-3, corresponding to a 

total porosity of 43%. Soils of the surface horizons have a poorly developed crumb structure and 

aggregates are of low stability, mainly related to low content of organic matter and clay.  
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Table 2. Soil characteristics of dehesa soils in the region of Extremadura. Data refer to mean values 
of 0-10 cm depth of samples taken in 54 dehesa farms (Schnabel et al. 2013) 
 

Soil property Mean Median Percentile  
0.1 

Percentile  
0.9 

Standard  
deviation 

Clay (%)a 10.8 10.1 50.3 18.0 4.9 

Silt (%)a 38.9 40.0 18.5 53.2 12.5 

Sand (%)a 50.2 49.4 35.1 68.1 12.8 

Rock fragments (%)b 20.0 18.5 8.1 32.6 12.5 

BD (g cm-3) 1.52 1.52 1.42 1.63 0.09 

pH 5.43 5.40 4.99 5.87 0.46 

CEC (cmol kg-1) 8.3 8.0 4.1 11.9 3.3 

Ca (cmol kg-1) 3.3 3.2 1.2 5.6 2.4 

Mg (cmol kg-1) 1.0 0.7 0.2 2.0 1.1 

K (cmol kg-1) 0.2 0.2 0.1 0.4 0.2 

Na (cmol kg-1) 0.7 0.7 0.1 1.6 0.4 

Base saturation (%) 66.5 63.0 36.4 95.2 35.8 

N (g kg-1) 1.0 0.9 0.4 1.7 0.6 

P (g kg-1) 5.8 2.0 0.4 16.9 9.4 

SOC (g kg-1) 11.6 11.0 6.3 17.4 4.6 
a Clay, silt and sand expressed as percentage weight of the fine fraction 
b Rock fragments present the percentage weigh of the bulk sample 
 

 

3.2.3 Canopy-caused resource gradients 

In dehesas isolated trees have an important effect on the spatial and temporal heterogeneity of 

soils, which can determine the structure and function of the herbaceous and animal communities in 

the soil. Isolated oaks strongly reduce light availability for the plants beneath them. Montero et al. 

(2008) reported a 75% reduction in light close to the trunks of evergreen holm oaks in Spanish 

dehesa. Light availability increased rapidly with distance from the trunk, with 70% of the full 

sunshine reaching plants at the edge of the canopy, and 100% beyond about four times the canopy 

radius (Figure 5.). As a consequence of tree shade and interception of long-wave radiation at night, 

daily and seasonal variations of temperature are buffered under the canopy (Moreno et al. 2007a).  

Oaks are long-lived trees, frequently more than 100 years old, and often over 300 years of age. Over 

an extended period, trees significantly affect the fertility of the soil, mostly by recycling leaf litter 

and by the turnover of nutrients that are moved through the root systems from deep in the soil and 

out beyond the canopy. Trees bring up nutrients from lower soil layers, inaccessible to herbaceous 

vegetation, and move nutrients laterally from areas beyond the canopy. As a result, more than 50% 

of the nutrients are annually recycled beneath the canopy in dehesas with a canopy cover of only 

20% of the dehesa surface (Escudero 1992). Litterfall in dehesas is unusually high, with 1,900 kg ha-1 

as compared to 1,600 kg ha-1 in dense holm oak sites (Escudero 1992). Additionally, the turnover 

rate on the soil surface of dehesa ecosystems is unusually high (Escudero et al. 1985). Dehesa 

litterfall decomposes up to 24 times faster than that in dense forest. The amount of litterfall 

accumulated on the soil surface is estimated at, respectively, 400 and 8,000 kg ha-1 in dehesa and 

dense forest (Escudero et al. 1985). This rapid decomposition is explained by the action of 

herbivores, which can consume and recycle up to 85% of the plant mass, and also because net 
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mineralization is higher beneath than beyond the canopy cover, as Gallardo et al. (2000) reported 

for nitrogen dynamics. 

In addition, trees are effective at retaining atmospheric solutes due to their high surface area and 

aerodynamic resistance, and throughfall and stemflow may contribute to soil nutrient inputs. 

Moreover, trees reduce possible losses of nutrients by erosion and leaching. In addition, part of the 

nutrient accumulation in the sub-canopy soil could occur at the expense of the adjacent area given 

that animals tend to concentrate below the tree canopies and the wide lateral root system of trees 

in dehesas can bring nutrients from the areas between the trees. As a result, nutrients show higher 

values beneath oaks than in adjacent open areas (González-Bernáldez et al. 1969; Escudero 1985; 

Puerto 1992; Gallardo 2003; Moreno et al. 2007a). Soil nutrient content generally decreases rapidly 

with distance and the influence of the trees disappears only a few metres beyond the canopy 

projection (Moreno et al. 2013). The nutrient content in these savannoid soils depends largely on 

the build-up of soil organic matter (SOM; Figure 5.). Values below 10 g kg-1 in the open and 20 g kg-1 

beneath the canopy are frequent (Moreno et al. 2007b; Fernández-Moya et al. 2011). Nutrients 

affected by biological mechanisms, such as available nitrogen, reflect the spatial distribution of soil 

organic matter. The same is true for other nutrients; but phosphorus, which is principally 

determined by geochemical mechanisms, shows a highly variable spatial pattern more closely linked 

to physical variations in soils and parent material (Gallardo 2003). 

 

 
Figure 5. Distribution of resources under and around isolated holm oaks. Soil organic matter (SOM; 
0ς30 cm depth); Maximum and minimum soil water content (SWC; measured over 3 years at 0ς100 
cm depth); Light (Percentage of light transmitted measured by fish eye photograph method); Min Ta 
and Max Ta (Mean values of daily minimum temperature measured in coldest month and mean 
values of daily maximum temperatures measured in hottest month, July). Adapted from Moreno et 
al. (2007a). 
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Figure 6. Species composition, duration of green growth, and production may all differ under the oak 
canopy as compared to outside the canopy as in these examples from North Extremadura in Spain in 
midwinter (above) and early summer (below). 
 
 

Oaks significantly modify soil physical properties beneath the canopy in Spanish dehesas, increasing 

soil water-holding capacity, macroporosity and infiltration rates compared to open areas (Joffre and 

Rambal 1988; Puerto and Rico 1989; Cubera and Moreno 2007a), explained mostly by the increase in 

soil organic matter and the decreased bulk density near the trees. Changes in physical properties 

explain much of the observed increases in soil water content (SWC) under tree cover found by 

Puerto and Rico (1989) and Joffre and Rambal (1993) in sub-humid (about 700 mm of annual rainfall) 

holm oak dehesa. In contrast, Cubera and Moreno (2007a), Gea-Izquierdo et al. (2009), and Moreno 

and Rolo (2011) found decreased soil water content near dehesa evergreen oaks, especially on the 

driest sites and/or during the driest years. This phenomenon is attributed to decreased water input 

because of interception, and an increase in water loss through transpiration under the canopy, 

which could outweigh the positive effects of trees on water-holding capacity (Cubera and Moreno 

2007a). Evergreen oaks intercept rainfall; in one holm oak example 30% of the rainfall was 
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intercepted (Luis-Calabuig (1992) and Mateos and Schnabel (2002) reported values of 36.7% and 

26.8% of the annual rainfall being intercepted, respectively), and the trees can absorb water from 

the soil continuously throughout the year with moderately high transpiration rates in winter and 

summer (Infante et al. 2003; David et al. 2004). The reasons for differences among sites are not yet 

clear, although Moreno at al. (2013) hypothesize that the net effect of trees on soil moisture 

becomes negative with the increase of aridity. 

 

3.2.4 Rooting system 

Spatial separation between herbaceous plants and tree root systems has been reported by Joffre et 

al. (1987), Gómez-Gutiérrez et al. (1989), Moreno et al. (2005) and Rolo and Moreno (2012). They 

found that roots of native grasses were located mostly in the upper 30 cm, and root length density 

(RLD) decreased exponentially with depth to 70 cm (Figure 7.). In the same plots, holm oak had a 

lower root density in the first 10 cm of the soil, and oak root density remained almost uniform with 

depth at a given distance from the tree. 

 

The limited vertical overlap of herb and oak root profiles suggests that competitive effects of 

understory herbs are unimportant for tree water uptake in dehesa. Cubera and Moreno (2007a) 

reported spatial separation between herbaceous plants and trees in relation to soil water uptake. 

Soil dried uniformly beneath and outside the canopy only for the uppermost 50 cm of the soil, while 

at deeper layers soil water content increased with the distance from the tree trunk, indicating that 

herbaceous plants did not use water below 50 cm depth, as is consistent with their root system. 

Joffre et al. (1987) reported similar values, with annual and perennial grasses absorbing water from 

the uppermost 40 and 60 cm of the soil, respectively. 

 

By contrast, during summer drought holm oak trees show a high dependence on water below 3 m 

depth (Cubera and Moreno 2007a). The low dependence of trees on water in the uppermost soil 

layer was shown in an experimental irrigation trial, where holm oak did not respond to irrigation in 

terms of fecundity, acorn production or shoot elongation (Pulido et al. 2013). Thus, while water 

limitation is an important feature in most dehesas, water consumed by grasses (and cereal crops) 

probably does not cause significant water stress to mature dehesa trees if tree roots can reach deep 

soil layers (Cubera and Moreno 2007a). 
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Figure 7. Rooting profiles of trees and native grasses in holm oak dehesa. Adapted from Moreno et 
al. (2005).  
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Table 3. Environmental conditions and components in the series of dehesa farms that participle of the AGFORWARD research network. 
 

Site name Las Parras Monteviejo Atoquedo Valdesequera Dehesilla Los Varales Casablanca La Higaleja La Casilla La Cabra Los Llanos Majadas 

Coordinates 
(N, E) 

40.1324 
-6.5199 

40.0312 
-6.6326 

39.7694 
-5.9340 

39.0598 
-6.8516 

39.8200 
-5.5164 

38.7720 
-6.8536 

40.1500 
-6.1110 

40.1635 
-6.2875 

39.4858 
-7.1413 

39.1908 
-6.7055 

38.9831 
-5.0165 

39.9403 
-5.7746 

Area (ha) 24 3 275 6 1.5 5.5 15 2.5 100 6 6.5 50 

AMT ( )̄ 15.4 16.0 15.8 16.6 15.8 15.9 15.2 15.0 15.8 14.9 15.6 16.1 

AMP (mm) 739 649 546 523 640 543 715 771 577 721 628 753 

Soil Haploxeralf 
Xerochrept 
Acid,  
Very low SOC 
Clay-Loam 

Xerochrept 
 
Acid  
Low SOC 
Sandy-Loam 

Ochraqualf 
Palexeralf 
Very acid 
Moderate 
SOC; Sand-
clay-loam 

Ochraqualf 
Palexeralf 
Mid  acid 
Moderate 
SOC; Sand-
clay-loam 

Xerochrept 
 
Very acid 
Very low SOC 
Sand-loam 

Haploxeralf 
Rhodoxeralf 
Neutral  
Very low SOC 
Sandy-clay-
loam 

Xerochrept 
 
Very acid 
Low SOC 
Sandy-loam 

Xerochrept 
 
Very acid 
Moder. SOC 
Sandy-loam 

Xerochrept 
 
Mid acid 
Low SOC 
Sandy-loam 

Xerochrept 
 
Mid acid 
Very low SOC 
Sandy-loam 

Xerochrept 
 
Mid acid 
Very low SOC 
Sandy-loam 

Haplaquept 
Ochraqualf 
Very acid 
Very low SOC 
Sandy-clay-
loam 

Tree 
(Q. = 
Quercus) 
(t= tree) 

Q. ilex 
< 10 t ha

-1
 

Q. ilex 
< 10 t ha

-1
 

Q. ilex 
25 t ha

-1
 

Q. ilex 
20 t ha

-1
 

Q. ilex 
25 t ha

-1
 

Q.ilex 
20 t ha

-1
 

Q.ilex 
30 t ha

-1
 

Q. pyrenaica 
16 t ha

-1
 

Q ilex (50%) 
Q. suber 
(50%) 
???? t ha

-1
 

Q. ilex 
??  t ha

-1
 

Q. ilex 
10 t ha

-1
 

Q. ilex (90%) 
Q. faginea 
(8%) Q. 
Suber (2%) 
26 t ha

-1
 

Understory Natural 
pasture and 
shrublands 
with Retama 
sphaerocarp
a and Cytisus 
spp. 

Natural 
pasture 

Natural 
pasture and 
sown 
pasture rich 
in legumes 

Natural 
pasture 

Natural 
pasture and 
shrublands 
with Retama 
sphaerocarp
a 

Natural 
pasture and 
cereal crops 

Natural 
pasture 

Natural 
pasture, 
sown 
pasture rich 
in legumes & 
shrublands 
of Cytisus 
spp. 

Natural 
pasture and 
sown 
pasture rich 
in legumes 

Natural 
pasture and 
sown 
pasture rich 
in legumes 

Natural 
pasture and 
sown 
pasture rich 
in legumes 

Natural 
pasture 

Animal Cattle 
0.5 LU ha-1 

Fighting bulls 
0.45 LU ha

-1
 

1.67 ewes 
and 0.05 
goat ha

 -1
 

Sheep and 
pigs 

Cattle, 
0.4 LU ha

-1
 

Sheep and 
pigs, 
4 ewes and 
0.5 pigs ha

-1
 

0.37 cows, 
1.5 calves  
and 0.25 pigs 
ha

-1
 

Cattle Cattle Cattle Sheep Cattle 
0.3 LU ha

-1
 

Contact Alfonso 
García 
Cobaleda 
sitocob@gm
ail.com 

Victorino 
Martín 
García, 
oficina@vict
orinomartin.
com 

Enrique 
Rodríguez-
Arias, 
enrique.r.ari
as@gmail.co
m0 

Angel 
Rodriguez; 
agrodehesa
@gmail.com 

Victor Arroyo 
Gubau, 
victorarroyo
92@hotmail.
com 

Ángel 
Albarrán 
Liso, 
angliso@une
x.es 
 

Enrique Vega 
Rubio, 
quiquevegar
@hotmail.co
m 

Alejandro 
Martín, 
info@asedag
ro.com 

Alejandro 
Martín, 
info@asedag
ro.com 

Alejandro 
Martín, 
info@asedag
ro.com 

Miguel 
Cabello 
Cardeñosa, 
alydecabello
@hotmail.co
m 

Gerardo 
Moreno 
gmoreno@u
nex.es 
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3.3 Components of the system  

3.3.1 Herbaceous pasture  

Dehesa pastures are rich in annual plant species and exhibit a high temporal and spatial variability. 

The maximum production of the herbaceous pasture is obtained in spring (around 70%) and autumn, 

while pasture growth is at a minimum in winter and summer (Figure 8).  

 

Figure 8. Seasonal evolution of green and dry pasture biomass in Majadas dehesa farm (Spain). 
Source: Unpublished data (Arnaud Carrara; CEAM, Valencia; Spain). 
 

The most important natural pastures of the dehesa may be divided functionally in three groups. The 

first (common annual pastures) occupy the shallower/poorer soils of the dehesas, which usually 

covers most of the dehesa. This is composed almost exclusively of annual and short species that has 

been stabilized by grazing and/or by cultivation. Drying occurs prematurely at the end of spring. 

These are pastures with annual production of between 1000 and 2700 kg DM ha-1 year-1 depending 

on the site condition and year (López-Díaz et al. 2009).  

 

The second type of natural pasture is known as majadal. This is a pasture composed of annual and 

very dense bi-annual species, small in size and usually of good nutritional quality, created by the 

intense and continuous action of the livestock, where the presence of gramineum Poa bulbosais and 

the legume Trifolium subterraneum is noticeable. Its creation was due to the traditional 

management of sheepfolds. This consists of concentrating the presence of the animals in one area 

for 2-3 consecutive nights so that the animals may fertilize it with their manure/dung.  The dry 

matter production in the majadal (around 3000 kg ha-1 year-1) is generally higher than the first type 

because this has a higher capacity of re-sprouting. Its palatability and nutritional quality is superior 

because the subterranean clover contributes to the increase in the protein content through the 

pasture. However, the majadales are not only important due to it productive qualities but above all, 

to its strategic value, that is determined by two features: in spring the subterranean clover dries 

ƭŜƴƎǘƘƛƭȅ ŀƴŘ ǇǊƻǾƛŘŜǎ ŀƴ ƛƳǇƻǊǘŀƴǘ ǉǳŀƴǘƛǘȅ ƻŦ ŘƛƎŜǎǘƛōƭŜ ƳŀǘǘŜǊ ǿƘŜƴ ǘƘŜ ŀƴƛƳŀƭǎΩ ƴŜŜŘ ŦƻǊ ǇǊƻǘŜƛƴ 

is higher because of lactation. In autumn, Poa bulbosa is the species that readily resprouts after the 

first rains and consequently determines the start of the autumn grazing period and the end of the 

artificial supplementation.  

 

In the depressions of the dehesas located in poor substrate bases and where the phenomenon of 

seasonal abnormal existence of water or humidity in the soil or subsoil (not very prolonged and 
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ceases in summer) occur, a third type of natural pasture develops known as vallicares. These are 

mostly made up of bi-annuals that flower at the end of the spring and dries in the middle of summer 

with abundant tall gramineous and few legumes. Its pastoral value is average because although its 

productivity is high, its palatability and nutritional quality is not high as it lacks legumes. However it 

is the only grazing area that remains green during the long period of summer. That is why they may 

play an important contribution to shorten the summer scarcity of food and thus reduce the cost of 

the owner and increase the possibilities of self-sufficiency in the dehesa. The annual production of 

vallicares is usually between 1500 and 2500 kg DM ha-1. 

 

Table 4. Major features of the dehesa natural pastures (Olea and San Miguel 2006) 
 

 Character Description 

Natural 
pastures 

Major role Providing fodder for livestock 

Communities Usually annual grasslands: Helianthemetalia, Thero-Brometalia, 
Sisymbrietalia.  Edapho-hygrophilous perennial grasslands 
(Agrostietalia) grow on valley beds and wither in mid-summer.  The 
ƻǇǘƛƳǳƳ ƎǊŀǎǎƭŀƴŘ ŎƻƳƳǳƴƛǘȅ ƛǎ ǘƘŜ ȫƳŀƧŀŘŀƭΩ όPoetalia bulbosae), 
a dense sward of annuals and perennials with a rather high 
representation of legumes (protein) created and maintained by 
intensive and continuous livestock grazing. 

Production 1000-2700 kg ha-1 a-1 (DM). Majadal pastures usually around 3000 
kg ha-1 a-1 DM, with early growth start in autumn and late withering 

Yearly 
distribution of 
the fresh 
fodder yield 

Spring: 60-70% 
Summer: 0% 
Autumn:15-20% 
Winter: 5-15% 
Highly variable due to a very high climatic variability  

Management 
goals 

Legumes are essential due to their protein supply and their 
nutritional quality is high enough for the maintenance 
requirements of livestock. Supplementary feeding can then be 
avoided or reduced (Olea et al. 1989; Olea and Viguera 1998). 

Improvement 

Sustainable but intensive grazing aimed at increasing the pasture 
quality and at recycling limiting nutrients 
P fertilization (25 to 35 kg P2O5 ha-1 during the first year and 18-25 
thereafter) aimed at favouring legumes, whenever their abundance 
is high enough to ensure good results (Moreno et al. 1993, 1994). 
The available P level should be high enough: 8-12 ppm, Olsen 
method (Granda et al. 1991). Superphosphate is the usual product, 
but natural phosphates (ecological products) are also showing 
good results (Olea et al. 2005) 

 

Deciduous and evergreen oaks affect the production, species composition, chemical quality and 

phenology of the understory in Iberian dehesas (González Bernáldez et al. 1969; Alonso et al. 1979; 

Puerto et al. 1987; Calabuig and Gómez 1992; Moreno 2008; Gea-Izquierdo et al. 2009; Marañón et 

al. 2009; Fernández-Moya et al. 2011; Rivest et al. 2011a). This common feature is explained by the 

spatial heterogeneity of resources created by the presence of scattered trees in these systems. 

Grasses are dominant beneath the canopy, while legumes and forbs become more abundant in the 
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less fertile interspaces (Marañón 1986; Puerto 1992). This difference may be explained by the 

increased content of soil nitrogen and the nitrogen mineralization rate beneath oak canopy 

(Gallardo et al. 2000), which favours grasses as they need more soil nitrogen to thrive, while legumes 

and forbs are less dependent on soil nitrogen (Joffre 1990). The herbaceous understory has a higher 

content of some nutrients (mainly N and K) in plants beneath than outside the canopy (González-

Bernáldez et al. 1969; Puerto 1992; Moreno et al. 2007a, b). However, the understory responds to 

increased nutrient availability mostly through increased growth and changes in botanical 

composition and not so much through increases in plant nutrient concentrations (Gea-Izquierdo et 

al. 2010; Rolo et al. 2012). 

 

A longer growing season beneath the tree canopy, with an earlier start in winter and later drying in 

summer, is reported (Alonso et al. 1979; Puerto et al. 1987, 1990; Calabuig y Gómez 1992). Warmer 

temperatures beneath canopy would allow continued understory growth in winter compared to 

open pasture (Moreno et al. 2007a). Dominant grasses beneath a dehesa canopy dry out later in 

summer than forbs and legumes that are dominant outside of the canopy because grasses are 

capable of using water from deeper soil layers (Joffre et al. 1987; Figure 9.). 

 

 

Figure 9. Temporal evolution of forage yield at three distances from holm oak trees. Note the 
decrease of pasture yield beneath the canopy, and the temporal difference for the maximum yield. 
Adapted from Puerto (1992). 
 

The net effect of trees on understory production depends on the balance of positive, or facilitative 

effects and negative, or competitive effects (Marañón et al. 2009; Table 5). Studies reveal that the 

effect of trees on the understory in open oak woodlands is highly variable, ranging from decreased 

to increased production (see examples in Puerto 1992). The direction and magnitude of these effects 

depends on environmental factors like precipitation, soil type and fertility as well as biological 

factors like the species in the understory, the kind of oaks, amount of canopy cover, tree age, and 

the root architecture of the interacting plants in the community (Rivest et al. 2013). In a 

manipulative experiment conducted in three dehesas, Moreno (2008) found that pasture yield was 

higher beneath the canopy. But in fertilized and watered plots pasture yield was significantly higher 



17 

System description   www.agforward.eu 

under artificial shade (50% full-sunlight) than under the canopy, showing that shade, despite the 

negative influence of reducing light for photosynthesis, probably played a greater positive role by 

reducing damage to photosynthetic apparatus from too much light (photoinhibition). Indeed, it has 

been pointed out that in a Mediterranean climate, maximum production of dehesa understory is 

obtained with around 30 % of overstory cover (Etienne 2005). 

 

Table 5. Compilation of data on pasture production in dehesas comparing beneath canopy, in the 
peripheral area and our of the influence of the trees 
 

Source Site Year Production  

beneath 

trees 

(kg ha
-1
) 

Production 

in the 

peripheral 

area 

(kg ha
-1
) 

Production 

with no 

trees 

(kg ha
-1
) 

1992 Puerto Salamanca province 1982 2559 3495 3994 

1992 Puerto Salamanca province ? 3062.3 3074 3097.3 

2009 López-Carrasco and Roig Toledo province 2008 1492.7 1962.4  

2009 Cubera et al.
 

Herdade da Mitra, 

Portugal 

2001 313 ± 37  163 ± 43 

2009 Cubera et al. Herdade da Mitra, 

Portugal 

2002 204 ± 30  121 ± 31 

2009 Gea-Izquierdo North of the Extremadura 2004 3013 2479 1905,3 

2009 Gea-Izquierdo North of the Extremadura 2005 977.3 958 841,5 

2009 Gea-Izquierdo North of the Extremadura 2006 2594.7 2562 2013,8 

2011 Fernández-Moya Toledo province 2008 1552.5 1973.5 2508 

2011a Rivest et al.  North of the Extremadura 2007 1800 ± 100 2200 ± 100 2500 ± 100 

2011a Rivest et al. 
 

North of the Extremadura 2008 1400 ± 100 2000 ± 100 2600 ± 200 

2011a Rivest et al.  North of the Extremadura 2009 450 ± 50 500 ± 50 700 ± 50 

2011a Rivest et al.  North of the Extremadura 2010 1900 ± 70 1900 ± 70 1800 ± 70 

2014 Dubbert et al. Lisboa, Portugal 2011 2880  2960 

2015 Carranza et al. Estremoz, Portugal 2011 

& 2013 

4392.2  4278.3 

2015 López-Carrasco et al. Oropesa, Toledo 2008 855  1043 

2015 López-Carrasco et al. Oropesa, Toledo 2009 206  918 

2015 López-Carrasco et al. Oropesa, Toledo 2010 1784  1687 

 

Although a sparse canopy can produce more understory growth, trees do intercept a certain 

proportion of solar radiation that could be used for photosynthesis and take up water and nutrients, 

making them unavailable for understory plants. As a consequence, many cases of significant 

reduction of pasture yield beneath oak canopy compared to open pasture have been reported, 

especially with evergreen oaks (Puerto 1992; Nunes et al. 2005; Rivest et al. 2011a for holm oak). 

These studies confirm that trees compete for resources with the understory. In the three dehesa 

experiments conducted by Moreno (2008), when the main nutrient (N, P, K) limitations were 
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removed through fertilization, artificial shade produced a higher understory yield than tree shade, 

suggesting that negative effects, such as competition for soil water may limit production under the 

canopy.  The stress gradient hypothesis has not been confirmed for dehesa. In ŦŀŎǘΣ aƻǊŜƴƻΩǎ όнллуύ 

experiment indicated the opposite. Understory yield beneath the canopy was higher than in the 

adjacent open grassland, but differences decreased with the aridity of the sites. Similarly, Gea-

Izquierdo et al. (2009) reported a positive effect of oak canopy on dehesa pasture yield in average 

climatic years, but the interaction changed with increasing abiotic water stress. In a dry year, the 

higher fertility beneath the canopy could not be used for plant growth because of the lack of water 

and the effect of the oak canopy was neutral. The decreased positive effect of trees with aridity in 

Spanish dehesas indicates that competition for soil water is an outstanding factor in the balance of 

positive and negative effects of trees on pasture.  

 

3.3.2 Forage crops 

Some of the major features of dehesa crops and sown pasture are presented in Table 6. 
 

Table 7. Major features of the dehesa crops and sown pastures (Olea and San Miguel 2006) 
 

 Character Major features of the crops and sown pasture in the dehesa 

Crops Major role Complementing the fodder yield of natural pastures, both in seasonal 
distribution and quality  

Types  
 

Cereal crops: oat, barley, rye, wheat, triticale. They complement the 
fodder yield of natural pastures both in seasonal distribution 
(summer, late winter) and quality (energy). Grain is the most valuable 
product. It is usually collected, but it may also be harvested by direct 
summer grazing, since transhumance is no longer being carried out. 
Straw is also collected or grazed. Sometimes, there is a late winter 
grazing period of leafy biomass followed by a resting season until the 
summer grain harvest. Sown pastures are usually grazed or cut. In the 
first case, legumes are essential, so subterranean clover (Trifolium 
subterraneum) and other auto-reseeding legume species are the basis 
for permanent sown pastures (Olea et al. 2005). They complement 
the fodder yield of natural pastures in quality (protein) and, to a 
lesser degree, in seasonal distribution (air dry biomass and seeds). In 
the second case, vetch-cereal (oat, triticale, barley), with a 3:1 weight 
rate and conservation as hay, is the usual choice. However Lolium 
multiflorum and winter cereals are also a choice. Hay is used as 
summer and winter fodder.   

Production 
(average 
climatic year) 

Cereal crops: grain (1000-3000 kg ha-1), straw (2000-5000 kg ha-1) 
Sown pastures:  legume rich permanent pastures: around 3000 kg DM 
ha-1; vetch-cereal: 3000-6000 kg DM ha-1  

Management  
 

Two-three tilling treatments before sowing (late winter, late spring, 
early autumn) followed by early autumn sowing.  Fertilization: cereal 
crops: N-P-K usually 200-300 kg ha-1 (8-24-8 or 15-15-15); legume rich 
permanent pastures: P (at least 35-40 kg P2O5 ha-1 before sowing) 
Vetch-cereal: N-P-K usually 200-300 kg ha-1 of 8-24-8; legume rich 
permanent pastures should be sown only when natural pastures 
show a very low abundance of legumes. In any other case, P 
fertilization becomes a better option. 
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The presence of periods with low or scarce production in the dehesa (summer and winter) 

frequently forces owners to plant pasture or fodder crops that may be used during these periods. 

These are planted on the best soils of the farms where the topography allows mechanization (and 

occasionally irrigation). Widely used cultivated forage in the dehesas include cereals like barley, oats 

and wheat (for the production of dried grains in summer), or rye (consumed green at the end of 

winter and spring). Typical production levels are 1000-3000 kg ha-1 for grains and 2000-5000 kg ha-1 

for biomass.  Other sown species include a mix of species of the genus Vicia (Vicia sativa or Vicia 

villosa) and Avena sativa, which can produce 3000-6000 kg ha-1 of hay per year, and cultivated 

forages of annual grasses like Lolium multiflorum for hay production. Lastly, planted pasture mixes 

typically include a low content of grasses with diverse legumes that regenerate naturally, such as 

subterranean clover (Trifolium subterraneum). These pastures are grazed or harvested with annual 

production levels of around 3000 kg ha-1. These pastures are only sown when the proportion of the 

legumes in the original pasture is very low. If not, the fertilization with phosphorus would be 

sufficient (Olea and San Miguel 2006).  

 

3.3.3 Tree layer 

Trees, typically between 20 and 40 trees per hectare (10-50% canopy ground cover), are maintained 

not only to protect the soil and the herbaceous layer but also to provide diverse products to the 

system (fruits, fuel wood, cork, fodder) (Table 8). The most frequent species are holm oak (Quercus 

rotundifolia) and the cork oak (Quercus suber), both xerofitic evergreens. The holm oaks are in the 

interior regions and the cork oaks are present in more temperate and humid regions, with more 

Atlantic influence. The first are very good producers of fruits (low-tannins-content acorns or sweet 

acorns) while the second are very much appreciated for its production of cork. Other species present 

in the more humid dehesas are different oaks (Quercus faginea and Q. pyrenaica) and ash (Fraxinus 

agustifolia). These tree species are valued for fodder (branches are pruned for food in periods of 

pasture scarcity). Also present, although marginally, are various species such as chestnut (Catanea 

sativa), and junipers (Juniperus sp.) and pines (Pinus sp.). Conifers are generally only for protection 

purposes (Miguel et al. 2000).  

 

The low density allows trees to survive and continue to produce even in severe drought conditions. 

Wider spacing between trees implies greater water availability for each tree, resulting in a reduction 

of the duration and intensity of tree water stress compared to trees growing in more closed forests 

of the same regions. Numerous authors report higher water potential and photosynthetic and 

transpiration rates at leaf and tree scales during the summer for holm and cork oaks in the dehesa, 

as compared to closed stands (Joffre and Rambal 1993; Infante et al. 2003; David et al. 2004; 

Moreno and Cubera 2008). Also the absence of shrub understory improves significantly the water 

potential and photosynthetic of dehesa trees (Rolo and Moreno 2011). The spacing of trees is more 

critical in the driest open woodlands. Moreno and Cubera (2008) reported that in dry dehesas 

(annual rainfall < 500 mm), both predawn and midday water potentials, CO2 accumulation, and 

transpiration rates were significantly higher in trees growing in low tree density areas (20 trees ha-1) 

compared to those in high tree density areas (100 trees ha-1). By contrast, in humid dehesas (annual 

rainfall 700 mm), differences in both water potentials and CO2 accumulation among tree densities 

were very small and emerged only at the end of the dry season (Figure 10.).  Indeed, Joffre et al. 
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(1999) reported for Spanish dehesas that mean oak density increases with rainfall at a large 

geographical scale. Apart from the direct positive effect of low tree density on tree water status, 

Úbeda et al. (2004) reported a clear benefit of forest clearance on the leaf nutrient content in cork 

oak. As a result of the improved hydric and nutritional status of trees in dehesas the production of 

acorns was 10 times higher in a managed holm oak dehesa compared to a dense holm oak forest 

(Pulido and Díaz 2005). 

 

Table 8. Major features of the dehesa tree layer and its management (Olea and San Miguel 2006) 
 

 Character Major features of the crops and sown pasture in the dehesa 

Tree layer Major role Stability, structure, landscape, climate, shelter, biodiversity, C 
fixation, cultural benefits, and fodder. Perennial sclerophyllous 
species might be fodder reserves for livestock and wildlife 

Species Quercus ilex rotundifolia (=Q. ilex ballota), Q. suber (sclerophyllous 
and perennial), Q. faginea, Q. pyrenaica (semi-deciduous) and 
other less important species. 

Density (15) 20 ς 100 (200) adult trees ha-1 

Crown (5) 10 ς 50 (70)% 

Basal area 2 ς 10 (15) m2 ha-1 

Products: 
Mean annual 
yield 

Fuelwood: 800-5000 kg DM ha-1 per rotation 
Browse (pruning or direct browsing): 400-1500 kg DM ha-1  from 
pruning.  
Acorn:  (100) 200 ς 600 (800) kg ha-1, with inter-annual variations 
(Olea et al. 2004; López-Carrasco et al. 2005)  Cork (only Q. suber): 
500-1500 (2000) kg ha-1 per rotation 
The importance of acorns usually increases with the age of the 
dehesa, while browsing decreases. 

Silvicultural 
rotations 

Regeneration felling: tree senescence (150 years for Q. suber and 
250-300 years for other species) 
Pruning: 10-15 years; debarking: 9-12 years 

 Threats The lack or shortage of natural regeneration of trees in many 
dehesas is an important threat. This is exacerbated by the sudden 
dying-off of many trees known as `seca  ́
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Figure 10. Mean values for CO2 accumulation rates in mature holm oak growing in dehesa with a 
canopy cover below 20% (black square or triangle) and dense coppice with canopy cover above 90% 
(open square or triangle). Adapted from Moreno and Cubera (2008). 
 

3.3.4 Tree layer productivity: browse and acorns 

The typical fruit of the dehesa is the acorn, whose consumption by livestock is important in the areas 

with mild winters. The highest quality acorns are obtained from holm oak, followed by that of 

Portuguese oak (Quercus faginea), cork oak (Quercus suber) and pyrenean oak (Quercus pyrenaica). 

Acorn is a food source low in protein and rich in carbohydrates that are easily transformed into fat 

that is why they are given to fully developed animals for fattening (Escribano and Pulido 1998). Pigs 

are the best consumers of acorn in the dehesas, and the Iberian breed can eat them without 

supplements. For other livestock species, acorns can only be used to supplement a diet. Annual 

acorn production is highly variable in the dehesa, but a typical mean value for holm oak would be 

500 kg ha-1, with values up to 800 kg ha-1 in some cases (Table 8). Other studies predict long term 

production equivalent to 100 kg ha-1 a-1 (Figure 11). In cork oak, mean annual acorn production is 

around 400-600 kg ha-1 or 18 -20 kg tree-1. 

 
 
 

 
Figure 11. Yield-SAFE estimation of acorn production (cork oak) for Badajoz and Cáceres sites (Crous-
Duran et al. 2015) 




































































