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• LONGER AND MORE SEVERE FIRE SEASON 
 

• HEAT WAVES & DROUGHT 
 

• LARGER EXPOSED AREAS  

CLIMATE CHANGE PROJECTIONS:  

                                   fire hazard & restoration 
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IPCC SREX (SMP) 2012 
CCD < 1mm 
SRES A2 
17 GCMs 
 

Changes in CDD interannual 
variability (standard  
deviation) in 20-year periods 
as compared to 1980-1999 
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PLANTATIONS (1992) 
Post-fire, south-facing slopes, degraded soils 
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Pinus halepensis 

Quercus coccifera 

Quercus ilex ssp. ballota 

Length of the largest drought period since planting (days) 
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R2 = 0.673 

Dry subhumid and semiarid areas 
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POST-FIRE SEEDLING PLANTATION 

Drought is the main cause of seedling mortality 
both for recruitment and in afforestation 

Presenter
Presentation Notes
The restoration of dry and semiarid areas through seedling plantation face with water stress as the main factor determining success. The length of the period without significant precipitation after planting is a key factor.
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SMALL CHANGES IN SOIL MOISTURE (approx. -  10%) 
…. can produce increased seedling mortality and reduced growth 

CEAM 

Presenter
Presentation Notes
may increase seedling mortality and growth of two key tree speciesR1 and R2 represent the application of one or two small water pulses during summer
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Plot: Crevillente (Alicante).  
Climate: Thermo-mediterranean semiarid  
Species: P. lentiscus, J. oxycedrus, Q. coccifera 
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TRANSPLANT SHOCK:  
ROOT GROWTH AFTER TRANSPLANTING  

Fonseca 1999 

Presenter
Presentation Notes
Transplant shock is related to 1) local meteorology after planting, 2) low seedling adaptation to stress, and 3) water shortage in the root plug and poor root development .A rapid root growth beyond the root plug soon after planting is a key feature for seedlings to overcome transplant shock. In this case, the three studied species showed plant water potentials at -4 to -6 MPa three months after planting, while one year later these values were between -2 and 0 MPa even at lower soil moisture percentages. This fact may be related to the development of new roots beyond the root plug and the planting hole as shown in the figure at the right.



Vallejo et al 2012 

TECHNICAL OPTIONS TO REDUCE WATER STRESS IN PLANTATIONS 

Table 11.2 Mediterranean restoration techniques concerned with water 
Objective Technique 

Increase water-use efficiency 

Selection of drought-tolerant 
species and ecotypes 
Seedling preconditioning 
Improve below-ground performance 
Improve nutritional status 

Increase water supply 
Soil preparation and amendment 
Irrigation 
Microsite selection 

Reduce water losses 

Tree shelters 
Mulching 
Microsite selection 
Control of competing species 
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Abbreviations: Qc: Quercus coccifera, Cs: Ceratonia siliqua, Pl: Pistacia lentiscus, Ta: Tetraclinis 
articulata, Ef: Ephedra fragilis, Rl: Rhamnus lycioides, Oe: Olea europaea sylvestris, Ph Pinus 
halepensis, Oq: Osyris quadripartita, Jo: Juniperus oxycedrus, Sg: Salsola genistoides, No: 
Nerium oleander, Taf: Tamarix africana, Ch : Chamaerops humilis,  So: Salsola oppositifolia, 
Ls: Lygeum spartum, St: Stipa tenacissima. 
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Presenter
Presentation Notes
. Data from July 200 . Dashed line indicates the average value for the whole Albatera catchment ).
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SPECIES SELECTION 
Water-use strategies and response to drought 
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SPECIES SELECTION 
Water-use strategies and response to drought 

obligate resprouter obligate 
seeder 

At field capacity 

Presenter
Presentation Notes
The selection of species is also a key issue determining restoration success and especial attention should be paid in the future at the light of the coming scenarios, as we have previously seen. There are species that have the ability of withstand  higher water loss through leves before stomatal closure while other species are more sensitive to water stress (left, 1-relative water content). This feature is related to the species water use strategy and tolerance to dehydratation. Both graphs (stomatal conductance at the right) suggest that seeder species may withstand higher water stress (more tolerants) than resprouters. Differences in stomatal conductance reflect different water consumption, with low gs values in conservative species and high values in species needing a higher water support (soils with higher volume of water or plants with deeper root systems)., A; LUIS, VC; HERNÁNDEZ, E, LLORCA, M; PAUSAS, J.G; COCHARD, H. 2009. Características funcionales de especies rebrotadoras y no rebrotadoras en ecosistemas mediterráneos. IX Congreso de la AEET. 18-22 Octubre, Úbeda, Jaén.��Encarnación I. Hernández Lledó. 2010. Functional traits related to strategies of water use and drought resistance in Mediterranean species. Tesis doctoral Universidad de Alicante.��Per acabar de comentar la diapor de RWC y Gs dir de modo generic que les caracteristiques funcional de les especies poden determinar la resposta que tindran davant de alta disponibilitat d'aigua com de baixa. En el exemple, que es comparen varies especies amd dos estrategies contrastades, germinadores y rebrotadores,es veu que les especies tene diferent capacitat de tolerar la dehidratació bans de tancar estomes (1-RWC=deficit hidric celualar). Unes no suporten perdre molta aigua (especies amb una estrategia isohidrica) i tanquen estomes rapidament i altres suporten dehidratacions mes severes i continuen amb els estomes oberts (especies anisohidriques). Això estaria relacionat mab el fet que les especies isohidriques en condicions de deficit sever poden patiur mes danys que les anisohidriques que tindrien mecanismes de tolerar la deshidratació (al ta resistencia a la cavitació del xilema) o be de reparació dels danys (sistema fotosintetic eficient, antioxidants,.etc....).�Per un altre banda la conductancia estomática (Gs) ens indicaría com responen a la disponibilitat hídrica. Hi han especies que serien conservadores del aigua al sol, Gs baixes, i intentarien minimitzar la longitut del periode sec (relacionat amb un comportament isohidric), i altres especies serien mes consumidores del aigua de sol degut a que aprofiten mes els pulsos de precipitació i despres es dediquena  aguantar /aquestes especies estarien relacionades amb les que suporten deshidrtacións celialrs, anisohidriques). Be totes les interpretacions son complexes, però això seria un draft del que pasaria.�



Baeza et al. 2011  

Dynamics of total standing dead fuel after fire 
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obligate 
seeders 
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Quercus ilex:  
Risk of xylem cavitation among populations 
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EXPLORING PROVENANCES … 

Gil & Vilagrosa, unpublished 

Presenter
Presentation Notes
Treball colaboració amb E Gil. Efect de la procedència sobre la resistència a la cavitació. PLC50 (50% percentage loss of hydraulic conductivity in the xylem) es el potencial on es perd el 50% de la conductivitat hidràulica del xilema. La procedència CReal que es una de les zones més àrides es diferent significativament de Lazio i Veneto (italia), i les altres procedències quedarien pel mig. Són resultats provisionals per això. Es van cultivar en un common garden.
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Morcillo 2006, unpublised 

Presenter
Presentation Notes
Morcillo-Julia, L. 2006.  Plasticidad y fisiología en Quercus suber de diferentes procedencias.  Proyecto Final de Carrera de la licenciatura de Ciencias Ambientales (Universidad Miguel Hernández).



SPECIES DIVERSIFICATION 

Planting woody resprouters 
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WOODY RESPROUERS RECOVER FASTER AFTER BURNING 
& ARE LESS FLAMMABLE 



Pistacia lentiscus  Arbutus unedo  Rhamnus alaternus 
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DIVERSIFYING NATIVE SPECIES IN AFFORESTATION SPECIES DIVERSIFICATION 



CONSTRAINTS FOR LAND RESTORATION IN DRY 
MEDITERRANEAN CONDITIONS 

CLIMATE 
• PREDICTIBLE: SUMMER DROUGHT 
• LESS PREDICTIBLE: OUT-OF-SEASON 

DROUGHTS 

SOIL 
• SHALLOW/STONY/DISCONTINUOUS 
• POOR STRUCTURE (PRONE TO 

SURFACE CRUSTING: SILTY SOILS) 
• POOR BIOLOGICAL FERTILITY AND SOM 
• LOW NUTRIENT CONTENT 

DISTURBANCE REGIME 
• FIRE (RECURRENT) 
• GRAZING (FIRE-GRAZING CYCLES)  
• EXTREME CLIMATIC EVENTS 

CEAM 



TRYING TO IMPROVE SEEDLING 
PERFORMANCE IN THE FIELD 

Overcoming transplanting shock 

CEAM 



SEEDLING QUALITY 
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  DP (drought preconditioning)  produced smaller 
seedlings with higher R:S ratio. 

Nursery 

Drought preconditioning 
Quercus suber 
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Control Drought-
preconditioned 



Field 

Drought preconditioning 
Quercus suber 
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  DP showed a tendency to improve survival. 
 

  DP increased the root colonization in the field, deeper in the soil 
and with greater root biomass. 

DP: drought preconditioned 
CW: control watering 
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Presenter
Presentation Notes
Ambas gráficas son del mismo experimento. El trabajo analiza el efecto de la reducción en la frecuencia de riego (endurecimientro hídrico) y la fertilización sobre el desarrollo y características morfológicas de brinzales de alcornoque (Quercus suber). �La primera figura muestra la supervivencia de los 4 tratamientos. Se aplicaron dos regímenes de riego: un riego moderado (CW) y un riego mínimo (DP), combinados factorialmente con una fertilización adicional (N-P-K, 0-52-34) con fósforo y potasio (+F) y sin fertilización adicional (-F). �En la segunda figura solo muestran los resultados relacionados con el efecto del endurecimiento. Por eso solo muestra los tratamientos de riego sin fertilización (CW-F y DP-F).�



Quercus spp 
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USE OF DEEP CONTAINER FOR Quercus 

18 cm 
30 cm 



ACCLIMATING ROOT SYSTEMS TO CC: 
 Use of deep container to improve 
root colonization of seedlings 

Quercus ilex     

CCS -18 cm CCL -30 
cm 
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3 month 

18 month 

Presenter
Presentation Notes
A deeper container for plant culture in the nursery favors the development of a longer pivot root, a higher rooting depth in plantations, higher capacity for water transport through roots, and more number and biomass of roots in deeper soil layers where soil moisture is longer lasting. As a consequence, plant water potential is enhancedNew root biomass (dry weight) by depth. A: Excavation of Q. suber seedlings 3 months after outplanting. B: Excavation of Q. ilex seedlings 18 months after outplanting. Significant differences: * p<0.05 and ** p<0.01.



HYDROGELS 

CEAM 

Water manipulation of growing medium: addition of 

hydrogel and clay in the substrate 



Use of hydrogel in seedlings of Quercus suber (cork oak) 

Chirino et al., 2010 
Increase seedling survival in the field 
(Q. suber; S. Espadán) 
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IMPROVING NURSERY  SUBSTRATE: 

Presenter
Presentation Notes
The hydrogel mixed at 1.5% (w/w) with a peat-based substrate increased seedlings survival in the field.CS: control substrate; HS: hydrogel Stockosorb (HS) at two doses (0.7 and 1.5% w/w; Sepiolite (4/35) clay (ASG, 10% v/v) The figure in the right represents mortality of 1 year old seedlings grown with control substrate and with hydrogel 1% subjected to a 30 days drought cycle. Those grown with hydrogel delayed mortality a few days in relation to control seedlings in both species showing higher resistance to drought.



THE USE OF TREE-SHELTER 
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Olea europaea 
2005, 2 year 
 



Growth dynamics of Quercus ilex ssp ballota 
seedlings and acorns in relation to some field 
and nursery treatments 

Months since February 1997
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Tree-shelters limitations 
• Inside the tube, temperature increases a 

few ºC with respect to ambient 
• for temperature > 40-45ºC PSII (Fv/Fm) 

efficiency decreases ⇒ stress in the 
photosynthetic system 

  
• Slightly decreases R:S ratio 

 
• In moist conditions, excessive stem 

elongation (etiolation) and weakening 
CEAM 

Presenter
Presentation Notes
Ahilamiento (ahilado) etiolation



Mechanical  hole with backhoe Spider 

SOIL PREPARATION 



Increase Runoff 

Reduce Evaporation 

 

Enhance Infiltration 
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TECHNIQUES TO IMPROVE WATER AVAILABILITY  
TO SEEDLING 



water harvesting 
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Improved Microcatchment (IM) 

Microcatchment (M) 

Control 

CEAM 

Dry 
well 

Clay 
pot 

Dry 
well 

Presenter
Presentation Notes
Improved microcatchment= microcatchment consisted in two small lateral channels (1-2 m long each) ending in the planting hole and aimed at collecting runoff water. They were implemented with a 0.5 x 0.5 m waterproof sheet deployed just upslope of the planted seedling.
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IMPROVED MICROCATCHMENT  
RAIN WATER CAPTURE EFFICIENCY 

Rain events < 10 mm 

CEAM 

Presenter
Presentation Notes
But, do these techniques work?Focusing on runoff production and capture, we observed a trend to a larger amount of captured water in the microcatchments (M) and, especially, in the improved microcatnhments (IM). In case of low intensity rainfall events (bottom graphs), it’s especially remarkable the amount of runoff produced and captured. The more intense the rain event the higher the amount of water recorded, but in low intensity events it is more interesting the effect of IM as the volume of water reaching the hole is 5-fold that in control treatment.



Survival of Olea europaea seedlings 2 years after planting in two experimental semiarid stations 

* 

EFFECT ON PLANTED SEEDLINGS 
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Presenter
Presentation Notes
Seedling survival was sensitive to field techniques in the harsher location (Crevillente). IM, DW and, especially, CP were the most effective treatments in improving seedling survival, from 64% of control to 94% in CP.In Albatera, where rainfall in the studied period was 10% higher than in Crevillente, all treatments showed a very high survival of olea europaea seedlings (abiove 93%).+C and –C refer to application of composted sewage sludge in selected treatments



Enhanced 
accumulation of 
roots, organic matter 
faunal activity 
Preferential water flow 

Dry wells 

Presenter
Presentation Notes
Detalle de la realización del los pasos preferenciales de agua del tratamiento pozo seco (arriba) y lo que se ve tras el desentierro. Parece que si que funciona como paso preferencial de agua, MO, bichos…a la derecha las raíces de la planta. Gran parte colonizaban los alrededores de los pozos.



Pinus halepensis
(20 months after planting)

Application Dose (Mg ha-1)
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Soil amendments: Biosolids 
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Pinus halepensis
(20 months after planting)

Application Dose (Mg ha-1)
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Soil amendments: Biosolids 
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2000s 

1990s 
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THE COST OF PLANTATION QUALITY IMPROVEMENT 
SEEDLING SURVIVAL VS DROUGHT DURATION 

 1st PLANTATION YEAR 

Vallejo et al., 2012 

x2$ 



ALBATERA SITE (SE SPAIN) P ≈ 280 mm 

MEDIUM-TERM EFFECTS OF PLANTATIONS 
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ALBATERA: Functional analysis 
Six years after afforestation 
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Presenter
Presentation Notes
In degraded areas (control), planted and reference in the same region and similar site conditions
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ALBATERA: Functional analysis 
Six years after afforestation 



The role of extant 
vegetation: 

facilitation or 
competition? 

CEAM 



Gómez-Aparicio et al 2004 



Quercus suber, post-summer survival. S. Espadà (Castelló, Spain) 

Pérez-Devesa et al. (2008). For. Ecol. Manage. 255: 374-386. 



PLANT-PLANT INTERACTIONS. ALPHA GRASS STEPPES 



PH 

PC 

PM 
OC 

Alpha grass steppe restoration 

We carried out a 
manipulative experiment to 
evaluate the importance of 
competition by pines, 
competition by the 
herbaceous understorey, and 
all other factors pooled 

PC: pine control; OC: open control; PM: dead pine; PH: herbicide for grasses  
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Maestre et al., 2004 

Alpha grass steppe restoration 

Competition by grasses seems to be the most limiting 
factor for the establishment of woody resprouters 
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PLANT-PLANT INTERACTIONS. ALPHA GRASS STEPPES 

Which are the main drivers of alpha grass facilitation? 
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Alpha grass steppe restoration 

Alpha grass has a consistent positive effect on the 
establishment of woody seedlings 
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Alpha grass steppe restoration 

Shadow is the main control of facilitation 
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La Hunde site (Ayora, Valencia, Spain) 
 
Secondary pine woodlands. 
Stand densities: low, medium and high.  
Three replicates (zones): 9 plots and 60 seedlings/plot 

Field plantations 2011 

TREATMENTS 

HIGH DENSITY (HD) MEDIUM DENSITY (MD) LOW DENSTITY (LD) 
Stand density: 600-900 

trees/ha 
GSF = 0.38 

Stand density: 500-700 
trees/ha 

GSF = 0.44 

Stand density:100-300 
trees/ha 

GSF = 0.75 
 
 
 
 
 
 
 

Presenter
Presentation Notes
Global Site Factor (GSF) indicates the proportion of global solar radiation at long year in a siteThe results observed show a gradual decrease of GSF from low density to high density, which is agree with the results PAR; Therefore, the seedlings planted in low density treatment receive more solar radiation and PARGSF was measure with a hemispheric camera



Q. ilex             R. alaternus        Q. faginea 

A. unedo             F. ornus        A. granatense 

Species Life form Leaf habit 

Arbutus unedo Shrub Evergreen 

Rhamnus alaternus Shrub Evergreen 

Quercus ilex Tree Evergreen 

Quercus faginea Tree Deciduous 

Fraxinus ornus Tree Deciduous 

Acer granatense Tree Deciduous 

REINTRODUCING RESPROUTERS UNDER PINE CANOPY 

Presenter
Presentation Notes
The objective of this task was evaluating a set of morphological and functional traits in several Mediterranean species in relation to drought and shade tolerance and its relationship with changing conditions. Species studied ranged between: (1) tree deciduous drought-sensitive species; and (2) shrubs and trees evergreen with functional characteristics adapted to tolerate water limitations (Table 1).



Results. Survival and RGR per treatment 

SURVIVAL (%)  
post-transplanting shock 
HD MD LD 
97.7 96.4 99.0 

p = 0.805 ns 
Treatment
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Presentation Notes
Results:Survival by treatment > 96%. Survival no showed significance differences between treatments.Although was not observed significance differences in RGR-Height, seedlings in HD, tend to show higher height. This can be due to shading effect and plant response to search the lightIn contrast, respect to RGR-basal diameter, the seedlings in HD showed the lower values. A higher competition for resources can to explain this result



CONCLUSIONS 
• Available ecological restoration technology 

allows for reintroducing native plants and 
recovery critical ecosystem functions for many 
Mediterranean lands  

• Higher inputs are required for highly degraded 
ecosystems, higher stress conditions 
 

…but 
 

• We need understanding the thresholds for cost-
effective restoration, both in biophysical and 
socieconomic terms  
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