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• Evergreen, sclerophyllous species

• Pioneer, thermophilous and xerophilous species

• Listed in the EC Habitats Directive and into the

National Italian catalogue of historical landscapes

needing protection

• Main causes of tree loss: forest fires, diseases,

overgrazing, land abandonment and exploitation

Main functions of cork oak forests:

• Cork production (cork and wine industries)

• Habitats for rare and endangered species (animals but also plant species, 

in particular medicinal ones)

• Protection against erosion and resulting desertification

• Natural barrier against fire (weak combustion of cork)

• Roots properties: they retain rain water forming vital watersheds and absorb

nutrients from deep layers of soil

• Leaf litter as a good natural fertiliser





Climate time-series 1950-2000 (source: WorldClim)

Interpolated maps (1km2 resolution) of:

• Annual precipitation

• Minimum Temperature of the coldest month

• Maximum Temperature of the warmest month

Q. suber distribution at 1km2 resolution reconstructed from:

• National Forest Inventories (France, Spain, Portugal)

• Suberitalia National Project (Italy)

• Vegetation map (Morocco, Tunisia)

• Euforgen Network and personal communication (Algeria)  

Q. suber genetic characterization by means of:

• 95 populations throughout the natural range

• 410 trees

• PCR-RLFP at 5 chloroplast loci

• Processing phases in GIS environment (ArcMap 9.3)

• Spatial Analysis and Raster Calculator

• Forecasting projections

General Circulation Models and future scenarios (source: WorldClim and IPCC5)

• CCSM4, HADGEM2-ES, MIROC5

• Two Representative Concentration Pathways (rcp4.5 = SRES B1, rcp8.5 = SRES A1FI)

• Two Time Periods (2050 as average 2041/2060; 2070 as average 2061/2080)



Real and predicted ranges of the environmental layers within the zones defined 

as the most suitable for cork oak (Vessella et al., 2015)

Variable Min-Max

Annual mean temperature 8/19.9 °C

Max temp. Warmest month 21.9/31. 8 °C

Min temp coldest month -4.2/9 °C

Temperature annual range 15.1/36.2 °C

Annual precipitation 293-1512 mm

Prec. Wettest month 41-264 mm

Prec. Driest month 0-69 mm

Elevation 0-1984 m

Slope 0-22.4 %
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(1) Bejaia Region – Vegetation of Q. faginea/Q. suber (Algeria)  



(1) Bejaia Region – Vegetation of Q. faginea/Q. suber (Algeria)  



(2) Comune di Ostuni (Apulia, Italy)



(2) Comune di Ostuni (Apulia, Italy)



According to Italian Society for Forest Restoration, Forest restoration 

means all the active operations aimed to trigger the processes whereby 

optimal ecosystem functions and community composition in forests are 

returned to their native state.

Therefore, to conserve cork oak in a scenario of climatic warming,  and to 
restore the forest landscape of the species,  is required:

1. The conservation in situ, by means the establishment of protected
areas, and rehabilitation of cork oak stands in Algeria;

2. The cork oak germoplasm conservation ex situ and following
reforestation in Apulia



www.zephyr.project.eu

Zephyr project aims to introduce an innovative
technology inspired by the plant factory concept,
for the pre-cultivation of forest regeneration
materials in a zero-impact and cost friendly
production unit.

PROTOTYPE MAIN FEATURES:
•Artificial lights (LEDs)  
•Wireless sensors for monitoring main environmental 
parameters (humidity and nutrients of soil; air 
temperature and humidity)
•Automated control system
•3D cultivation (rotating multi-shelves)
•Solar panels
•Water recycling system for irrigation



3 STEPS OF LIGHT ANALYSIS

1. Analysis of light conditions promoting cork oak regeneration in a 

cork oak forest (quantity, quality and photoperiod)

2. Comparison between 6  different commercial LED lights providing

wide continuous spectra in order to define the best one for cork oak

propagation

3. Evaluation of main differences in terms of growth performance 

between natural and artificial light

The protocol for the cultivation of cork oak by means

Zephyr technology has been developed simulating the 

conditions of temperature, humidity and soil composition, 

occurring in a natural forest. Main attention has been

devoted to the light conditions.
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ANNUAL PHOTOPERIOD REFERRED TO CORK OAK RANGE (A) AND A C. ITALIAN SITE (B)
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Commercial LEDs generally used

for growing vegetables (in our

study provided by Valoya ®) 

have low PAR intensity if

compared to sunlight and almost

totally absence of UV (< 400 nm) 

and INFRARED light (> 700 nm )
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reduction

(%)

Days between germination

and emergence
79 12 84%
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Possible site for the conservation of the rare Apulian haplotype of cork oak, 

according to the "replacement" approach, sensu Stanturf




