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1 Context

The AGFORWARD research project (January-R6dédmber 2017), funded by the European

Commission, is promoting agroforestpractices 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 fieldest innovations (through participatory research) to impeothe
benefits and viability of agroforestry systems in Europe,

3. to evaluate innovative agroforestry designs and practices at & fidldn and landscape scale,
and

4. to promote the wider adoption of appropriate agroforestry systems in Europe througleypoli
development and dissemination.

This report contribugs to Objective 2, Deliverabled¥ 5SiF Af SR aeadisSy RSaONXA

FINRBF2NBadNE aeéaids yYdescdption doveS thé Sgiokcbldgp & thealehesa S Y

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

interactions, andthe biological bases for theproductivity, iii) the main marketable products, iv)

selected ecosystem services suchcagbon sequestration and biodiversignd v) discussion of the

economic valuef dehesa.

2 Background

¢tKS aSRAGSNNIYSIY ¢22RSR LI addaNBflyRa (y2é6y I a
are agroforestrysystems of high natural and cultural value (HNCV) that cover around 3.5 million
hectares of the soutiwestern Iberian Peninsulayhere they are the main land use systems
(Opermmann et al. 2012) and form one of the largest agroforestry system in E(Eabdiorn et al.

2006).

The importance of dehesas rests on both environmental smciceconomic 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 MartinBellido 1997)In addition, dehesas are a fundamental component of regional identity,
and are the source of highuality food products derived from livestock production. In addition,
dehesas have been valued at an international paiiaking level for their biodiversitygesthetic
gualities 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 comrwicigy
interest Dehesas are among the best presatview-intensity farming systems in Europe, and in
them the integration of traditional landise and biodiversity conservation is considered an
exemplary land use management.

Nevertheless, over the last few decades, dehesas and other agrosilvopastorahsyat&urope

have faced several threats due to intensive land use imposed by a concomitant change in the
technological and socieconomic conditions andinfavourableagricultural policies (Moreno and
Pulido 2009). Increased mechanisation and increase siogk rates, together with the
oversimplification of the management practices (notaalack of livestock herdinghave increased

at least three sources of environmental degradation: i) soil erosion rates due to changjes in
vegetationcover, soil propeties and hydrological processes (Schnabel €2@4); ii) overaged oak
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stands due to a prolayed lack of regeneration (Plieiger et al 2010) andii) loss of diversity at
various spatial scales iz et al 2013). In this context, the sustainabilityf the dehesa system has
been seriously questioned (Moreno and Pulido 2009), and a considerable debate concerning the
longterm persistence of dehesas has emerged, because the current low economic profitability of
most dehesa farms and because most standsehoveraged trees and saplings are extremely
scarce.

To help dehesa farmer to ovame current difficulties and threats th&niversity of Extremadura
organiseda stakeholder group focused on the Iberian dehas2014 The initial meeting was held

on 0 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 assaotured
guestionnaire a categorised list of constraints and opportunities, angrioritised number of

concerns and potentiahnovationsfor the development of Iberian dehesas were reported in the
arfSalz2y3yaddhtdm) G161 SK2t RSNI aSSiAyMoew20I2)NII 5SK
Further on the innovations to be tested by the Participatory Research and Development Network in

the course of the AGFORWARD project were repoitedanuary 2015n the Milestone 3 (2.2)

GWSLIE NI 2y Lyy20FGA2ya FT2NJ | ANBEEébba&NBy 2y RBG/ tzf
Finally, in October 2015 the experimental protocol to follow in the field test of the innovations were
NBLEZ2 NISR Ay (K Synthdsit & éé 2séfich and denetbpment protocols related to
agroforestry of high naturand cultural valué 6 a 2eNd530E5b,201%).

Here, we present a comprehensive system descriptiased ongeneral descriptions anddata
compiled from the literature Besides, the report includgata measured inwo well studied sites,
one studied INSAFE projecthftp://www1.montpellier.inra.fr/safe) by the research team (Cuatro
Lugares), and anothesurrenty studied inAGFORWAR@®arm 16 Majadas)or the latter casea
baselineassessment of the system functioning and productifythe different componentss
currently conduced to provide data for modelling exercisedlissing data will continue to be
sourced during 208. Some issues identifiekiey for dehesa persistence, suels a progressive soil
degradation and deficit of tree regeneratiolgng term vegetation dynami@and the role of the
woodyunderstory (atorral), are not addressed in this report.

3 Descriptionof System

3.1 The system

Dehesaagroecosystemare wood pasturesvhere trees, native grasses, crops, and livestock interact
positively under specific management practicBasically, dhesas result from a simplification, in
structure and species richness, of Mediterranean forests and shrublands, and are attained by
clearing of evergreen woodlandseducing 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 theyGatet £t SR aY2y il R24¢ @

Dehesas are characterized by the rearing of traditional livestock breeds at low stocking densities
(cattle, sheep, pigs, and goat$jor this reason the plant components of the system ai@naged
according tothe 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
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crops and improvedown pastureare alsocommon Trees dispersedn 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, prent 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 understoy, is also common in dehesas. This usually has high diversity (it is
frequent to find at least half a dozen of shrub species together, suchoasose, heather,
laurustine, strawberry tree, broojn These shrub species may have high nutritional intetésajef 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 Diaz 2005Nevertheless, this report will focus only oagture/crop and tree layers.

Figurel. Distribution of dehesas in Spain (in red). Elaborated from SIOSE (201n2) database
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Tablel. Main characteristics of the dehesas (adapted from Miguel et al. 2000)

Main characteristics of the dehesas

Productivity Low: 500-3000 forag units perhectare petyear(Ovied et al.
2013);1-4 sheep ha.
Complemens forest production or associated crops

Efficiency High

(production/resources used)

Variability High, bothspatid and temporal

Stability (productivity variation | High. Strong dependency on the variability of the annual

along the time) Mediterranean climate

Elasticity High.The system is able to recoverafimoderate 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, fuelwoodgharcoal, mushrooms, honey
Environmental Goods High valudandscape, msion control, genetic resources
(habitat of protectedspecies) carbon sink

Figure2. 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 agroecosystems where trees, pasture, livestock ahdmanbuilt
features are prominent
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3.2 Biophysicalcharacteristics

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 inteend interannual variability. Rainfall is
concentrated during the cooler months of the year and #és 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 atlte meanannual temperature ranges from 14 to 17.
During periods of dry and swny weather, with high evapotranspiration, plaavailable water is
quickly exhaustedm most years there is aater deficitbetweenJuneand September.The fypical
climate of the dehesa is characterizedrigure4 showing a fouimonth water deficit.
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Figured4 Seasonal variation of climatic variable in the Mediterranean territory

3.2.2 Soil

The dehesas are basically areas with undulatingelief andmoderate slopesThe plain areas are
often cultivated and the more mountainous or steep areas emeered withforest or shrubs. The
majority of the dehesas are between 350 and 55@.gl1., although in the provinces in the North
they are alsdrequently found at 80800 m altitude and in the South at less than 100 m of altitude.
Dehesas are usually found on acid soils (originating fsdimeous nature(slate, granites, quartz
rocks, with predominantly acid reaction)oor in nutrients and wit shallow soilgrarely > 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 asesult of erosion, transportation and sedimentation
processes from hills&s and seasonal streamBhe soil vithin a small are@an rangefrom red deep
soils witha thick clay soil layer (e.gquisok) to shalow, stony soils (e.g. leptos)| and ambisos
with different depths and developmentA diversity ofdehesa properties is likely to be found any
givenfarm.

Based on largscale monitoring of dehesa soils conducted in Extremadura region (54 soil profile
analysed), Schnabet al. (2013) repored the main characteristisof dehesas soilsThey havehin

OAS horizors ranging from 2 to 8 cm and a sharp lower lin8bil organic carbon content (SOC) is
generally low, with a mean value of 11.6 ¢'Kgpils are acid, with 80% s&mplesbeingstrongly to
moderately acid (pH= 5.0¢5.9). Theyhave low contents of exchangeable cations and available
phosphorus(Table2). Bulk density is fairlitigh, with an average of 1.52 g énrcorresponding 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 matteckyd
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Table2. 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 (ScheabéR013)

Soil property Mean Median Percentile Percentile Standard
0.1 0.9 deviation
Clay(%} 10.8 10.1 50.3 18.0 4.9
Silt (%) 38.9 40.0 18.5 53.2 12.5
Sand (%) 50.2 49.4 35.1 68.1 12.8
Rock fragments (%) 20.0 18.5 8.1 32.6 12.5
BD (g cr) 1.52 1.52 1.42 1.63 0.09
pH 5.43 5.40 4.99 5.87 0.46
CEC (cmol kY 8.3 8.0 4.1 11.9 3.3
Ca(cmol kg') 3.3 3.2 1.2 5.6 2.4
Mg (cmol kg) 1.0 0.7 0.2 2.0 1.1
K (cmol kg) 0.2 0.2 0.1 0.4 0.2
Na (cmol kg) 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) 1.0 0.9 0.4 1.7 0.6
P (g kg) 5.8 2.0 0.4 16.9 9.4
SOdg kg') 11.6 11.0 6.3 17.4 4.6

4Clay, silt and sand expressed as percentage weight of the fine fraction
® Rock fragments present the percentage weigh of the bulk sample

3.2.3 Canopycaused resourcergdients

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.lsolated oaks strongly reduce light availability floe plantsbeneath 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 witistance from the trunk, with 70% of the full
sunshine reaching plantt the edgeof the canopy, and 100% beyond about four times the canopy
radius(Figureb.). As a consequence of tree shade and interception of-leage radiationat night,

daily and seasonal variations of temperature are buffered undectr®py (Moreno et al. 2007a).

Oaks are longjved trees, frequently more than 100 years old, and often @@ years of age. Over

an extended period, trees significantly affect thertility of the soil, mostly byecycling leaf litter

and by the turnover of nutrients that ammovedthrough theroot systems from deep in the soil and

out beyond the canopyTrees bring up nutrients from lower soil layers, inaccessible to herbaceous
vegetation, andnove 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 yaower of only

20% of the dehesa surface (Escudero 1992). Litterfall in dehesas is unusually high, with 1,900 kg ha
as compared to 1,600 kg han dense holm oak sites (Escudero 1992). Additionally, the turnover
rate on the soil surface of dehesa ecs®ms 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 8,0001km hitehesa 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

System description www.agforward.eu



mineralization is higher beneath than beyond the canopy cover, as Gallarao (@000) reported
for nitrogen dynamics.

In addition, trees areeffective at retaining atmospheric solutes due to their high surface area and
aerodynamic resistance, and throughfall and stemflavay contribute to soil nutrient inputs
Moreover, trees redce possible losses of nutrients by erosion and leactimgddition, part of the
nutrient accumulation in the subanopy soil could occur at the expense of the adjacent area given
that animals tend to concentrate below the tree canopies and the widedht®ot system of trees

in dehesas can bring nutrients from the asdaetween the treesAs a result, nutrients show higher
values beneath oaks than adjacent open areaGonzale8Bernaldez et al. 1969; Escudero 1985;
Puerto1992; Gallardo 2003vioreno et al. 20073. Soil nutrient content generallgiecreases rapidly
with distance and the influence of the trees disappears only a riestres beyond the canopy
projection (Moreno et al. 2013). The nutrient content in these savannoid soils depends largely on
the buildup of soil organic matter (SONFigure5.). Values below 10 gg* in the open and®0 gkg*
beneath the canopy are frequent (Moreno et al. 2007b; Fernasdeya et al. 2011).Nutrients
affected by biological mechanismsuch as avéble nitrogen, reflecthe spatial distribution of soil
organic matter. The same is true for other nutrients; but phosphorus, whichpiscipally
determined bygeochemical mechanisms, shows a highly variable spatial pattern more diokety

to physicavariations in soils and parent material (Gallardo 2003).
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Figure5. Distribution of resources under and around isolated holm oaks. Soil organic matter (SOM;
0¢30 cm depth); Maximum and minimum soil water content (SWC; measawed3 years at {100

cm depth); Light (Percentage of light transmitted measured by fish eye photograph method)? Min T
and Max T (Mean values of daily minimum temperature measured in coldest month and mean

values of daily maximum temperatures measuredhattest month, July)Adapted from Moreno et

al. (2007a).
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Figure6. Species composition, duration of green growth, and production may all differ under the oak
canopy as compared to outside the canopy as in these examplesNasth Extremaduran Spain in
midwinter (above) and early summer (below)

Oaks significantly modify soil physical properties beneath the canofpanish dehesas, increasing
soil waterholdingcapacity, macroporosity and infiltration rates comparedofmen areas (Joffre and
Rambal 1988; Puerto and Rico 198@bera and Moreno 200F.gexplained mostly bthe increase in
soil organic matter and the decreased bul&nsity near the trees. Changes in physical properties
explain much of the observed increasessoil water content (SWC) under tresver found by
Puerto and Rico (1989) and Joffre and Rambal (1993) thwulid (about 700 mm of annual rainfall)
holm oak dehesan contrast, Cubera and Moreno (2007a), @aguierdo et al(2009), andvioreno
and Rlo (2011) found decreased soil water content near dehesa evergraks, especially on the
driest sites and/or during the driest yearBhis phenomenon is attributed to decreased water input
because of interceptionand an increase in water loss througtanspiration under the canopy,
which couldoutweigh the positive effects of trees on watbolding capacity (Cubera adoreno
2007a). Eergreen oaks intercept rainfalin one holm oak example 30%f the rainfall was
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intercepted (LuisCalabuig (1992) anMateos and Schnabel (2002) reported values of &Gand
26.8% ofthe annual rainfall beingntercepted, respectively) andthe trees carmabsorb water from

the soil continuoushthroughout the year with moderately high transpiration rates in winter and
summer (Infante et al. 2003; David et al. 2004). The reasons for differences aiteagre 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

Jatial separation between herbaceous plants and tree root systems hasrbperted by Joffre et
al. (1987, GomezGutiérrez et al(1989, Moreno et al.(2005)and Rolo and Moreno (2@L They
found that roots of native grasses were located mostly in the upper 3Caoih root length density
(RLD) decreased exponentially with depth to 70 (Emgure?.). In the same plots, holm oak had a
lower root density in the first 10 crof the soil, and oak root density remained almost uniform with
depth at a giverdistance from the tree.

The limited vertical overlap of herb and oak root profiles suggdebat competitiveeffects of
understory herbs are unimportant for tree water uptake in deheSabera and Moreno (2007a)
reported spatial separation between herbaceogplants and trees in relation to soil water uptake.
Soil dried uniformhbeneath and outide 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, aisistent with their root syem.
Joffre et al. (1987) reported similar values, wathnual and perennial grasses absorbing water from
the uppermost 40 and 60 cm dife soil, respectively.

By contrast, during summer drought holm oak trees show a high dependeneaten below 3 m
depth (Cubera and Moreno 2007a). The low dependence of toeesvater in the uppermost soil
layer was shown in an experimental irrigation trighere holm oak did not respond to irrigation in
terms of fecundity, acorn productioor shoot elongation Rulido et al. 2013. Thus, while water
limitation isan important feature in most dehesas, water consumed by grasses (and ceops)
probably does not cause significant water stress to mature dehesa treeg ifoots can reach deep
soil layers (Cubera and Mmro 2007a).
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Figure7. Rooting profiles of trees and native grasses in holm oak dehesa. Adapted from Moreno et
al. (2005)
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Table3. Environmental conditions and components in the series of dehesa farms that participle of the AGFORWARD research

Los Varales

Casablanca

LaCasilla

La Cabra

network.

Los Llanos

La Higaleja

Majadas

Coordinates | 40.1324 40.0312 39.7694 39.0598 39.8200 38.7720 40.1500 40.1635 39.4858 39.1908 38.9831 39.9403
(N, E) -6.5199 -6.6326 -5.9340 -6.8516 -5.5164 -6.8536 -6.1110 -6.2875 -7.1413 -6.7055 -5.0165 -5.7746
Area ha) 24 3 275 6 1.5 5.5 15 2.5 100 6 6.5 50
AMT() 154 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 | Ochraqualf | Ochraqualf | Xerochrept | Haploxeralf | Xerochrept | Xerochrept | Xerochrept | Xerochrept | Xerochrept | Haplaquept
Xerochrept Palexeralf Palexeralf Rhodoxeralf Ochraqualf
Acid, Acid Very acid Mid acid Very acid Neutral Veryacid Very acid Mid acid Mid acid Mid acid Very acid
Very low SO( Low SOC Moderate Moderate Very low SOQ Very low SOCJ Low SOC Moder. SOC | Low SOC Very low SOQ Very low SOQ Very low SOC
ClayLoam SandyLoam | SOCSand SOCSand Sandloam Sandyclay Sandyloam | Sandyloam | Sandyloam | Sandyloam | Sandyloam | Sandyclay
clayloam clayloam loam loam
Tree Q. ilex Q. ilex Q. ilex Q. ilex Q. ilex Q.ilex Q.ilex Q. pyrenaica | Q ilex(50%) | Q. ilex Q. ilex Q. ilex (90%)
Q.= <10t ha® <10t ha® 25t ha' 20t ha' 25t ha' 20t ha' 30t ha' 16t ha' Q. suber ?? tha’ 10t ha' Q. faginea
Quercu} (50%) (8%)Q.
(t= tree) 2222 thd Suber (2%)
26 t ha'
Understory | Natural Natural Natural Natural Natural Natural Natural Natural Natural Natural Natural Natural
pasture and | pasture pasture and | pasture pasture and | pasture and | pasture pasture, pasture and | pasture and | pasture and | pasture
shrublands sown shrublands | cereal crops sown sown sown sown
with Retama pasture rich with Retama pasture rich | pasture rich | pasturerich | pasture rich
sphaerocarp in legumes sphaerocarp in legumes& | in legumes in legumes in legumes
a andCytisus a shrublands
spp. of Cytisus
spp.
Animal Cattle Fighting bulls| 1.67 ewes Sheep and Cattle, Sheep and 0.37 cows, Cattle Cattle Cattle Sheep Cattle
05LUhal | 0.45LUhA | and 0.05 pigs 0.4 LU ha pigs, 1.5calves 0.3 LU ha
goat ha' 4 ewes and | and 0.25 pigs
0.5 pigshd | ha®
Contact Alfonso Victorino Enrique Angel Victor Arroyo | Angel Enrique Vega Alejandro Alejandro Alejandro Miguel Gerardo
Garcia Martin Rodriguez Rodriguez; Gubau, Albarran Rubio, Martin, Martin, Martin, Cabello Moreno
Cobaleda Garcia, Arias, agrodehesa | victorarroyo | Liso, quiguevegar | info@asedag| info@asedag| info@asedag| Cardefiosa gmoreno@u
sitocob@agm | oficina@vict | enrique.r.ari | @gmail.com | 92@hotmail. | angliso@une| @hotmail.co | ro.com ro.com ro.com alydecabello | nex.es
ail.com orinomartin. | as@gmail.co com x.es m @hotmail.co
com mo m
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3.3 Components of thesystem

3.3.1 Herbaceous pasture

Dehesa psturesare rich inannualplant speciesand exhibit ahigh temporal and spatialariability.
The maximum production of the herbaceous pasture is obtained in spring (aroundai@%ytumn,
while pasture growth iat aminimumin winterand summer(Figure8).
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Figure8. Seasonal evolution of green and dry pasture biomass in Majadas dehesa farm (Spain).
Source: Unpublished datAi(haudCarrara; CEAM, Valencia; Spain).

The most important natural pastures of the dehesa may be divided functionahlyda groups. The

first (common annual pasturgsoccupy the shallower/poorer soils of the dehesasich usually
covers most of the dehesahis is composed almost exclusively of annual and short species that has
been stabilized by grazing and/or by cultivation. Dryiregursprematurely at the end of spring.
These are pastures with annual production of between 1000 and 2700 kg Dyeh& depending

on thesite condition and year (L6p&Xiaz et al2009)

The second type of natural pasture is knowmaajadal This is a pasture composed of annual and
very dense bannual species, small in size and usually of good nutritional quality,ecrdst the
intense and continuous action of the livestock, where the presence of gramifaabulbosaiand

the legume Trifolium subterraneumis noticeable. Its creatiorwas due to the traditional
management of sheepfoldShis consistof concentrating tle presence of the animals in one area
for 2-3 consecutive nights so that the animals may fertilize it with their manure/duhbe dry
matter productionin the majadal (around 3000 kg hayear?) is generally higher than the first type
because this has laigher capacity of rsprouting. Its palatabilitand nutritional qualityis superior
because the subterranean clover contributes to the increase in the protein content through the
pasture. However, thenajadalesare not only important due to it productivgualities but above all,

to its strategic value, that is determined by tvieatures in spring the subterranean clover dries

f SYyad3dKAfe& yR LINPOARSAE Yy AYLRNIFYG ljdzr yaGAGe
is higher because of lactatioIn autumn,Poa bulbosas the specieshat 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 psalstrate bases and where the phenomenon of
seasonal abnormal existence of watar humidity in the soil or suwil (not very prolonged and
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ceases in summer) occur, a third type of natural pasture develops knowallgsares These are
mostly made up of bannuals 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 qualisynot high ast lackslegumes. However it

is the only grazing area that remains green during the long period of summer. That is why they may
play an importantcontribution to shorten the summer scarcity of food and thus reduce the cost of
the owner and increase the gsibilities ofseltsufficiencyin the dehesa. The annual production of
vallicaress usual between 1500 and 2500 kg DM*a

Table4. Major features othe dehesa natural pastures (Olea and San Miguel 2006)

Character Description
Natural Major role Providing fodder for livestock

pastures | communities | Usually annual grasslandselianthemetaliaThereBrometalia
Sisymbrietalia Edaphenygrophilous perennial grasslands
(Agrostietalig grow on valley beds and withermmd-summer. The
2LIJGAYdzYy INIaatl yR O 2Poefaiabilipsde
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 10002700 kgha' a* (DM). Majadapastures usually around 3000
kgha' a® DM, with early growth start in autumn and late witherir

Yearly Spring: 6670%
distribution of | Summer: 0%
the fresh Autumn:1520%

fodder yield Winter: 515%
Highly variable due to a very high climatic variability

Management | Legumes are essential due to theiofin supply andheir

goals nutritional quality is high enougfor the maintenance
requirements of livestock. Supplementary feedirgthen be
avoided orreduced (Olea et al. 1989; Olea and Viguera 1998).

Sustainable but intensive grazing aimed at increasing the pasty
guality and at recycling limiting nutrients

P fertilization (25 to 35 kB,Os ha' during the first year and 185
thereafter) aimed at favouring legumes, whenever their abunda
Improvement | is high enough to ensure good results (Moreno et al. 1993, 199
The available P level should be high enough2 &pm, Olsen
method (Granda et al. 1991). Superphosphate is the usual ptod
but natural phosphates (ecological products) are also showing
good results (Olea et al. 2005)

Deciduous and evergreen oaks affect the production, species composition, chematay and
phenology of the understory in Iberian dehesas (GonZBmnatez et al. 1969; Alonso et al. 1979;
Puerto et al. 1987; Calabuig and Gomé&82; Moreno 2008; Gekxquierdo et al. 2009¥larafion et
al. 2009;FernandezMoya et al. 2011Rivest et al. 2011a).his common featurés explained by the
spatial heterogeneity bresources created by the presence sifattered trees in these systems.
Grasses are dominant beneath the canopy, while legumes and forbs becmreeabundant in the
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less fertile interspaces (Marafidon 1986; Puerto 1992). Tifference may be explained bie
increased content of soil nitrogen and thatrogen mineralization rate beneath oak canopy
(Gallardo et al. 2000), whidhvoursgrasses as they need more soil nitrogen to thrive, while legumes
and forbsare less dependent on soil nitrogen (Joffre 1p9he herbaceous understory has a higher
content of some nutrients (mainly Bnd K) in plants beneath than outside the canopy (Gonzalez
Berndldez et al. 196%uerto 1992; Moreno et al. 2007a, b). However, the understory responds to
increased nutrient avtability mostly through increasedgrowth and changes in botanical
composition and not sonuch throughincreases in planhutrient concentrations (Ge&quierdo et

al. 2010; Rolo et al. 2012).

A longer growing season beneath the tree canopy, with anegastart in winterand later drying in
summer, is reported (Alonso et al. 1979; Puerto et al. 1987, 108@buig y Gémez 1992). Warmer
temperatures beneath canopwould allow continued understory growth in winter compared to
open pasture (Moreno et aR007a). Dominant grasses beneath a dehesa canopy dry out later in
summer than forbs and legumes that are dominant outside of the canopy beagasses are
capable of using water from deeper soil layers (Joffre et al. Hgure9.).
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Figure9. Temporal evolution of forage yield at three distances from holm oak trees. Note the
decrease of pasture yield beneath the canopyd éme temporal difference for the maximum yield.
Adapted from Puerto (1992).

The net effect of trees on understory productidepends on the balance of positivey, facilitative
effects and negative, or competitive effects (Marafion et28l09 Table5). Studies reveal that the
effect of trees on the understory in open oaloodlands is highly variable, ranging from decreased
to increased prodction (seeexamples in Puerto 1992). Theection and magnitude of these effects
depends on environmental factors likerecipitation, soil type and fertility as well as biological
factors like the species ithe understory the kind of oaks, amount of capy cover, tree ageand

the root architecture of the interacting plants in the communitRigest et al. 2013 In a
manipulative experiment conducted in three dehesas, Moreno (2008) faladpasture yield was
higher beneath the canopy. But in fertilizadd wateredplots pasture yield was significantly higher
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under artificial shade (50% ftdunlight)than under the canopy, showing that shade, despite the
negativeinfluence of reducing light for photosynthesis, probably played a greater positive role by
reducing damage to photosynthetic apparatus fremo much light (photoinhibitioh Indeed, it has
been pointed out that in a Mediterraneadimate, maximum production of dehesa understory is
obtained with around 30 %f overstory cover (Etienne 20P5

Table5. Compilation of data on pasture production in dehesas comparing beneath canopy, in the
peripheral area and our of the influence of the trees

Source Production Production Production
beneath in the with no
trees peripheral trees

area (kg ha)

1992 Puerto Salamanca province 1982 2559 3495 3994

1992 Puerto Salamanca province ? 3062.3 3074 3097.3

2009 LépeLarrascand Roig | Toledo province 2008 1492.7 1962.4

2009 Cubera et al. Herdade daMitra, 2001 313+37 163+43

Portugal
2009 Cubera et al. Herdade da Mitra, 2002 204+ 30 121+31
Portugal

2009 Gedzquierdo North of the Extremadurg 2004 3013 2479 1905,3

2009 Gedzquierdo North of the Extremadurg 2005 9773 958 841,5

2009Gealzquierdo North of the Extremadurg 2006 25947 2562 2013,8

2011 Fernandeioya Toledo province 2008 15525 19735 2508

2011a Rivest et al. North of the Extremadurg 2007 | 1800+100 | 2200+ 100 | 2500+ 100

2011a Rivest et al. North of the Extremadurg 2008 | 1400+100 | 2000+ 100 | 2600 200

2011a Rivest et al. North of the Extremadurg 2009 450+50 500+ 50 700+ 50

2011a Rivest et al. North of the Extremadurg 2010 1900+70 | 1900+70 | 1800+70

2014 Dubbert et al. Lisboa, Portugal 2011 2880 2960

2015 Carranza et al. Estremoz, Portugal 2011 4392.2 4278.3

& 2013

2015 LépeLarrasco et al. |Oropesa, Toledo 2008 855 1043

2015 LépeLarrasco et al. |Oropesa, Toledo 2009 206 918

2015 LépeLarrasco et al. |Oropesa, Toledo 2010 1784 1687

Although asparse canopy can produce more understory growth, treesirdercept a certain
proportion of solar radiation that could be used for photosynthesid take up water and nutrients,
making them unavailable for understory plants. As a consequence, many ofsagnificant
reduction of pasture yield beneath oak canopy compared to open padtaw® been reported,
especially with eergreen oaksRuerto 1992; Nunes et al. 2005; Rivest et al. 2011ddim oak).
These studies confirm that trees compete for resms with the understory. Ithe three dehesa
experiments conducted by Moreno (2008), when the main nutri@dt P, K) limitations were
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removed through fertilization, artificial shade producachigher understory yield than tree shade,
suggesting that nedwve effects, such asompetition for soil watemmay limit production under the
canopy The stress gradient hypothesis has not been confirmed for dehedalllOiG = a2 NBy 2 Q&
experiment indicated the opposite. Understory yield bene#tle canopy was igher than in the
adjacent open grassland, but differencdecreased with the aridity of the siteSimilarly, Gea
Izquierdo et al. (2009eported a positive effect of oak canopy on dehesa pasture yield in average
climatic years, but the interaction chaegd with increasing abiotic water stress. In a gpar, the
higher fertility beneath the canopy could not be used for plant groblcause of the lack afiater

and the effect of the oak canopy was neutral. Teereased positive effect of trees witridity in
Spanish dehesas indicates thatmpetition for soil water is an outstanding factor in the balance of
positive andhegative effects of trees on pasture.

3.3.2 Foragecrops
Some of the major features of dehesa crops and sown pasture are presented ir6Table

Table7. Major features of the dehesa crops and sown pastures (Olea and San Miguel 2006)

\ Character Major features of tle crops and sown pasture in tldehesa
Qops Major role Complementing the fodder yield of natural pastures, both insseal
distribution and quality
Types Cereal crops: oat, barley, rye, wheat, triticale. They complement t

fodder yield of naturapastures both in seasonal distribution
(summer, late winter) and quality (energy). Grain is the most valug
product. It is usually collected, but it may also be harvested by dir
summer grazing, since transhumance is no longer being carried o
Strawis also collected or grazed. Sometimes, there is a late winte
grazing period of leafy biomass followed by a resting season until
summer grain harvest. Sown pastuaa® usuallygrazd or cut. In the
first case, legumes are essential, so subterrandavec (Trifolium
subterraneun and other autereseeding legume species are the ba
for permanent sown pastures (Olea et al. 2005). They complemern
the fodder yield of natural pastures in quality (protein) and, to a
lesser degree, in seasonal distributi@ir dry biomass and seeds). |1
the second case, vetetereal (oat, triticale, barley), with a 3:1 weigt
rate and conservation as hay, is the usual choice. Howeasarm
multiflorumand winter cereals are also a choice. Hay is @sed
summer and wintefodder.

Production Cereal crops: grain (10GBDOO0 lg ha'), straw (20066000 kgha™)
(average Sown pastures:egume rich pemanent pastures: around 3000 kg D
climatic year) | ha'; vetch-cereal: 300-6000 kg DMha™*

Management | Twothree tillingtreatments before sowing (late winter, late spring,
early autumn)ollowed by arly autumn sowing Fertilization: ereal
crops: NP-K usually 20800 kgha' (8-24-8 or 1515-15); legume rich
permanent pastures: P (at least-88 kg BOs ha before sowim)
Vetchcereal: NP-K usually 2000 kgha® 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 forcesowners to plant pasture or fodder crops that may be used durireg¢hperiods.
These are plantedrothe best soils of the farmshere thetopography #ows mechanization gnd
occasionally irrigation)WMdely used cultivated forage in the dehesasludecereals like barley, oats
and wheat(for the production ofdried grains in summér or rye (consumed green at the end of
winter and spring Typical prduction levels ard 0003000 kg ha for grains and 2006000 kg ha

for biomass. Other sown species include mix of species of the gend4cia (Vicia sativaor Vicia
villosg and Avena sativawhich can produce30006000 kg ha of hay per year, and divated
forages of annual geseslike Lolium multiflorumfor hay production Lastly, plargd pasture mixes
typically include a low content of grasses widiverse legumes that regenerate naturalgych as
subterranean cloverTtifolium subterraneuh These pastures are grazed or harvestgith annual
production levels ofround 3000 kg Ha These pastures are only sown when fireportion of the
legumesin the original pasture is very low. If not, the fertilization with phosphorus would be
sufficient (Olea and San Miguel 2006).

3.3.3 Treelayer

Treestypically between 20 and 40 trees per hectare-8%% canopy ground coJeare maintained

not only to protectthe soil and the herbaceous layer but also to provide diverse products to the
system (fruits, fuel wood, cork, foddefable8). The most frequent species at®lm oak (Quercus
rotundifolia) and the cork oakQuercus subgy 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 prodigef fruits (ow-tanninscontent acorrs or sweet
acorng while the second are very much appreciated for its production of cork. Other species present
in the more humid dehesas are different oak3uércus fagineand Q. pyrenaicaand ashEraxinus
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 clestaned
sativa), and junipersJuniperussp.) and pinesRinussp.). Coifers are generally only for protection
purposes (Migueét 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, irggit 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 scalesrithg 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 impsiyeificantly 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 predawrand midday water potentials, G@ccumulation, and
transpiration rates were significantly higher in trees growing in low tree density areas (20 trées ha
compared to those in high tree density areas (100 tre€§ hay contrast, in humid dehesas (anhua
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 seaBague10.). 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,
Ubeda et al. (@04) 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 compagdédnse holm oak forest
(Pulido and Diaz 2005).

Table8. Major features of the dehesa tree layer and its management (Olea and San Miguel 2006)

' Character

Major features of thecrops and sown pasture in tldehesa

Tree layer | Majorrole Stability,structure, landscape, climate, shelter, biodiversity, C
fixation, cultural benefitsand fodder Perenniakclerophyllous
species might bé&dder reserves for livestock and wildlife

Species Quercus ilex rotundifoliG=Q.ilex ballotg, Q. subeKsclerophyllous
and perennial)Q. fagineaQ. pyrenaicgsemideciduous) and
other less important species.

Density (15) 20¢ 100 (200) adult treeba*

Crown (5) 10¢ 50 (70)%

Basal area 2¢10 (15) mha’

Products: Fuelwood: 8066000 kgDM ha™ per rotation

Mean annual | Browse (pruning or direct browsing0@1500 kg DMha* from

yield pruning.
Acorn: (100) 20@ 600 (800) kdna*, with inter-annual variations
(Olea et al. 2004; Lopézarrasco et al. 2005) Cork (o@lysube):
500-1500 (2000) kipa* per rotation
Theimportance of acorns usually increaseith the age of the
dehesa, while browsing decreases.

Silvicultural Regeneration felling: tree senescence (150 yearQfsuberand

rotations 250-300 years for other species)
Pruning: 1615 years debarking: 912 years

Threats The lack or shortage of natural regeneration of trees in many
dehesas isn importantthreat. This is exacerbated lilge sudden
dyingoff of many trees known as ‘ca&
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Figure10. Mean values for CQaccumulation 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 layemroductivity. browseand acorns

The typical fruit of the dehesa is the acowhoseconsumptionby livesbckis important in the areas
with mild winters. The highest qualityacorrs are obtained fromholm oak, followed by that of
Portuguese oakQuercus fagineacork oak Quercus subgrandpyreneanoak Quercus pyrenaiga
Acorn isa food sourcdow in protein and rich in carbohydrates that are easily transformed fat
that is why they are given tfully developedanimals for fattening (Escribano and Pulido 1998)s
are the best consumes of acorn in the dehesasand the Iberian breed can eat themithout
supplements. Foother livestock species, acarcan only be used tsupplementa diet. Annual
acorn production is ighly variabk in the dehesaput a typicalmean value foiholm oakwould be
500 kg hd, with values up ta800 kg hd in some casegTable8). Other studies predict long term
production equivdent to 100 kg ha a® (Figure1l). In cork oakmean annuakcorn production is
around 408600kg ha' or 18-20 kg tre€'.

Figurell. YieldSAFE estimation of acorn producti@@ork oak) for Badajoz and Caceres sj@®us
Duranet al.2015
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