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Abstract

It tested the hypothesis that contrasting climate and elevations affect the growth and productivity of more than 47
cork oak populations in the Kroumirie (Mediterranean forest in the north west of Tunisia). Study increases the
terminal branches, nodes marked by annual leaf production, leaf number, life leaves, number of branches, their
length, diameter and biomass inform the annual productivity of trees and this by turning up the last 4 or 5 years.
Similarly, the study of dendrometric parameters and foliar structural parameters like the leaf mass per area
(LMA) are parameters the variability of which informs about the architectural plasticity. It observed a significant
difference in LMA, tree height and circumferences according to altitude and climate. Highest LMA values were
obtained at the less favourable sites. For terminal branches, only the biomass of four consecutive years reveal
significant differences between populations in response to climate and the altitudinal gradient. The results
indicate changes in the annual growth and productivity of these populations under near future drier and warmer
conditions. They also point to alterations in their competitive abilities, which could lead to changes in the

composition of this ecosystem in the long term.
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Introduction

Mediterranean vegetation includes more than one
hundred arboreal taxa (Le Houérou, 1980) including
the genus Quercus which play a major role like in
Tunisia (Quezel, 1976). The cork oak is the native
hardwood forest species the most represented in the
Tunisian territory. Tunisian cork oak forest exist in
the northwestern provinces starting from the
Mediterranean coast extending southwards over the
Kroumirie Mountains to the Mejerda Plain located
about 50 km inland (Boudy, 1955). From a climate
perspective, the cork oak is more Mediterraneo-
atlantic than Mediterranean species. Its absence in
the eastern Mediterranean is related to the length and
the intensity of summer drought and also to the
increased of continentality. On Emberger climagra-
mme, it situates in the warm and temperate variants
of humid and sub-humid Mediterranean bioclimates.
In Tunisia, this forest spans a gradient of temperature
and precipitation (500mm to 1500mm) and reaches

the southern limit of the range of this species.

Climate scenarios for the 21st century provided show
a tendency to decrease in summer rainfall and higher
temperatures suggesting that the forest could be affected
in terms of productivity and mortality. Climate projec-
tions predict drier and warmer conditions in the
Mediterranean basin in the next decades (Houghton et
al., 2001). They can have significant influences on tree
establishment and on forest structure and dynamics
(Barbero et al., 1990; Améztegui et al., 2010; Chauchard
et al., 2010; Gimmi et al., 2010). Factor that may limits
tree growth (Ogaya et al., 2003; Linares et al., 2010) and
forest regeneration (Pulido and Diaz, 2005). In addition,
inter-annual variability in precipitation and tempera-
tures significantly affects annual tree growth (Urbieta et
al,, 2008). The current climate changes appear as
factors aggravating the decline of Cork oak species.
Indeed, the cork oak forest is located in a region with
climatic conditions and natural binding affected by
periods of drought often acute, exacerbated by the
topography and varying in intensity from one year to
another (Braun-Blanquet et al., 1952; Quezel et al,

1980). This situation has become worse because of

the lack of natural regeneration and the technical

operations as protection and renewal.

Forest productivity is determined by the climate
(temperature and water stress) and properties of soil
(rich in nutrients, water content of the soil). It is
estimated by increases in height and trunk diameter
tree during national forest inventories (Urbieta et al.,
2008; Ennajah 2013). The frequency of these inven-
tories is quite long and does not provide an estimate
of the interannual variability of the productivity.
Dendrochronology (study tree rings on the cross
sections of trunks) provides an approach to this
interannual variability over long periods. This method
is very difficult to implement for hardwoods such as
cork oak, which the most external rings (and thus the
most recent) are difficult to read (Ennajah et al.,
2009b). An alternative method is the study of
increases in terminal branches, nodes marked by
annual leaf production (Llorens et al., 2009). Hence,
the present study deals with to estimate the spatial
and temporal variability of the productivity of cork
oaks in northern Tunisia on 4/5 years and to identify
the spatial pattern of productivity oak correlating
with analysis of interannual climate variability and

known soil properties.

Materials and Methods

Study Sites

The study area covers the whole of the Tunisian cork
oak (69780ha), 100km from east to west and 50km
from north to south. Elevations range from om to
1400m on the coast, and induces a temperature and
precipitation gradient. In this zone, the General
Directorate of Tunisian Forests sampled in 1995,
2005 and 2010, 977 plots in forest inventory (number
of trees, circumferences, heights, under wood, cork
etc.), so 350 plots are cork oak populations (Tunisian

National Forest Inventory, 2005).

In the study and from the forest inventory, it takes 47
cork oak provenances according to a gradient (Fig. 1)
with two factors: altitude and climate. In these

provenances, the plant materials were collected.
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Fig. 1. Study plots in the Kroumirie (North West

Tunisian forest).

Plant material

The study was conducted in 2012. A sample of three

terminal branches was performed on

6 dominant

trees of each cork oak population. The sampling is

done in winter on 50 cork oak populations (Table 1),

after the growing season. On each branch, 4 units of

growth (U.C) are retained since 2009.

Table 1. Origin and geographic position of cork oak provenances.

Site name | Symbol Area Al;imtl;de Geographic coordonates
Widht N Length E
BZ1 Bellif I 122 37,03996 9,07805
BZ2 Bellif I 223 37,03308 9,06697
Bizerte BZ3 Bellif IT 107 37,04177 9,10572
BZ4 Bellif IT 196 37,04443 9,11546
BZ5 Sejnene 177 37,07799 9,15689
BJ1 Tabouba 346 36,89515 9,06742
BJ2 Tabouba 365 36,00243 9,06105
BJ3 Ain Zana 922 36,72037 8,86411
Beja BJ4 Mekna IT 286 36.93643 8.87633
BJ5 Mekna I 284 36.93272 8.83365
BJ6 MeknalV 483 36.91322 8.89949
BJ7 Dmeyene 280 37,05724 9,00317
BJS8 Khergalia 175 37,07287 9,05154
BJo9 Tabouba 205 36,88652 9,08545
Ain Drahem I
J1 (babouche) 651 36,78323 8,65622
J2 Tabarka III 340 36.82563 8.870038
Ain Drahem III
J3 862 36,7892 8,74219
(dar fatma)
Jg Bou Hertma 253 36,60094 8,77463
Ain Drahem III
Js 788 36,77903 8,72167
(dar fatma)
Jé6 El ghorra 613 36,56184 8,41147
Ain Drahem IX
J7 652 36,72729 8,70556
(bni mtir)
J8 Fernena I(Sidi Saaid) 401 36.64567 8.63349
Ouled Ali IT
J9 (El ghorra) 653 36,56963 8,40924
J1o Fernena I (Sidi Saaid) 354 36.64765 8.66519
J11 El ghorra 901 36,60356 8,42508
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Site name | Symbol Area Altimtl;de Geographic coordonates
Widht N Length E

Jendouba Ji14 Feyja III (Ain Soltane) 843 36,52215 8,33803
Ji5 Melloula I (Tabarka) 302 36,95787 8,7294
J16 hammem bourguiba 277 36.75609 8.59026
J17 Feyja VIII 716 36,45762 8,23812
J18 FeyjaV 646 36,47501 8,25268
J19 Ain Drahem X 493 36.73994 8.60806
J20 Tegma I 256 36,76607 8,50212
J21 Feyja II (mejene) 970 36,50176 8,26633
Ja22 Oued Zen I1I 595 36,7989 8,81555
J23 Oued Zen I 623 36,83615 8,81245
J24 hammem bourguiba 346 36.77497 8.61000
J2s Feyja II (mejene) 933 36,49895 8,26285
J26 El Feyja IV 810 36,5025 8,31047
Jay Melloula IV (Tabarka) 241 36,94517 8,70315
J28 Melloula II (Tabarka) 358 36,91328 8,67146
J29 A Dl?ahe.m = 593 36,70709 8,67126

(bni mtir)
J30 Bou Hertma 259 36,68874 8,77061
J31 Ain Drahem I 454 36.79930 8.66145
J32 Feyja VIII 769 36,45457 8,23906
J33 Mhamdia 224 36.89015 8.77727
J34 El ghorra 617 36,53453 8,4006
J35 El ghorra 589 36,55182 8,40693
Additional data levels were established at P<0.05. It was completed

The Directorate General of Water Resources has a
network of 45 rainfall stations. Regional climate
analysis was made using data of daily precipitation
over the period 2003-2012 from DGRE and daily
temperatures recorded via buttons Thermo Type 22L
(-40 / +85 ° C) located in the kroumirie. In addition
to this information, we used biometric measurements
from the DGF forest inventory (number of trees,

height and diameter).

Statistical analyses

The leaf
dendrometric parameters (DBH, H) were described
the software STATITCF (Ver.F). The

measureswere the object of an analysis of the variance

relationships  between traits, and

using

to one or two factors following the case, significance

by a multiple comparison of the averages by the test
of Newman-Keuls test (at 5%) according Dagnelie
(1986). The graphical exits are realized with the

software Excel 2000.

The

investigated variables were tested with a Principal

differences between populations for the
Component Analysis (PCA). An average value for each
trait was calculated. A dispersion and central
tendency descriptive analysis was applied to estimate

the variability existing in the collection.

Each unit several parameters are measured (length,
diameter, number of branches and leaves, leaf area

and weight) (Fig.2).
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Fig. 2. Twigs sampling and counting method of growth units.

Results

Regional climatic analysis

A detailed analysis for the climate at the three
governorates clearly reflected differences in
temperature and precipitation. Differences appear
between the governorates and between years (Fig
3).The mean monthly values of rainfall showed a
decrease from year to year for each governorate

especially in 2012.

However, 2009 is considered the wettest year with a
precipitation peak in April and Bizerte governorate
present the highest rainfall for four consecutive years.
A significant variability in the monthly rainfall in
autumn and spring periods was also noticed for ach
region each year (Fig. 3). There is a decrease in
precipitation in May and in August 2012 for each
governorate, which leads to an extension of summer

period and drought duration. Furthermore, in

November 2012, we note a significant decrease in the

precipitation for the three regions.

For the average monthly temperature, we note an
increase year by year especially in 2012. The highest
value is recorded at Jendouba followed by beja (in
August). Bizerte is also the coolest region with a

maximum of temperature in July (27, 72°C).

Morphological measurements
The mean values of the morphological parameters
(DBH and height) were significantly different among

0.05).
The results showed a significant variation according

cork oak populations (one way ANOVA, p <

to the altitude (Table 2 and 3): Population from J22
(oued zena) illustrated the highest DBH and height of
trees; whereas BJ4 (Mekna), J13 (Tegma), J21
(Feyja), and J34 (Ghorra) showed the lowest values of

morphological parameters.
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Fig. 3. Average monthly temperature and rainfull at the tree governorates (Jendouba, Beja and Bizerte). Data

were obtained from the nearest meteorological station.

Table 2. Quantitative parameters mesured in Cork Oak populations.

Site name Symbol Area DBH (m) Height (m)
BZ1 Bellif I 0,38 £ 0,38 3,48 + 0,86

BZ2 Bellif T 0,31+ 0,22 3,22 + 0,25

Bizerte BZ3 Bellif 1T 0,21 + 0,25 1,30 + 0,22
BZ4 Bellif 11 0,17 £ 0,15 1,13 £ 0,24

BZs5 Sejnene 0,32 + 0,49 2,73 + 0,51

BJ1 Tabouba 0,34 £ 0,23 2,75 + 0,29

Beja BJ2 Tabouba 0,26 + 0,71 3,80 £ 0,71
BJ3 Ain Zana 0,19 + 0,45 2,06 + 0,29

BJ4 Mekna IT 0,16 + 0,18 2,43 + 0,18
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Site name Symbol Area DBH (m) Height (m)
BJ5 Mekna I 0,28 + 0,52 5,28 £ 1,95
BJ6 MeknalV 0,20 + 0,34 2,36 £ 0,43
BJ7 Dmeyene 0,24 £ 0,51 4,18 £ 0,85
BJS8 Khergalia 0,45 + 0,49 6,36 + 0,80
BJo Tabouba 0,25 + 0,42 4,36 + 0,50

J1 Ain Drahem I (babouche) 0,23 + 0,54 2,64 + 0,37
J2 Tabarka III 0,24 + 0,51 4,18 + 0,85
J3 Ain Drahem III (dar fatma) 0,36 £ 0,13 9,77 £ 1,14
J4 Bou Hertma 0,27 £ 0,23 3,60 + 0,23
J5 Ain Drahem III (dar fatma) 0,37 £+ 0,51 8,20 + 0,67
Jendouba J6 El ghorra 0,34 + 0,57 4,88 + 0,61
J7 Ain Drahem IX (bni mtir) 0,30 + 0,37 6,69 + 0,52
J8 Fernena I (Sidi Saaid) 0,21 + 0,59 2,13 £ 0,57
Jog El ghorra 0,24 £ 0,39 3,70 + 1,25
J10 Fernena I (Sisi Saaid) 0,24 + 0,39 3,37 £ 0,74
J11 El ghorra 0,30 + 0,24 10,33 £ 1,82
J12 Tabarka III 0,24 £ 0,38 3,02 + 0,59
J13 Tegma I 0,16 £ 0,69 2,15 + 0,98
J14 Feyja III (Ain Soltane) 0,24 £ 0,54 4,18 £ 0,90
Ji5 Melloula I (Tabarka) 0,20 + 0,36 3,73 + 0,58
J16 hammem bourguiba 0,32 + 0,19 6,40 + 1,22
Jiy Feyja VIII 0,26 £ 0,57 4,20 + 1,76
J18 FeyjaV 0,23 + 0,52 4,23 £ 0,40
J19 Ain Drahem X 0,31+ 0,38 4,15 + 0,70
Jz20 Tegma I 0,27 + 0,21 3,60 £ 0,12
J21 Feyja II (mejene) 0,16 + 0,42 3,27 + 0,46
J22 Oued Zen 111 0,58 + 0,30 10,26 + 1,41
J23 Oued Zen I 0,29 + 0,56 6,34 £ 0,73
J24 hammem bourguiba 0,33 £ 0,29 6,40 + 1,92
J25 Feyja II (mejene) 0,32 £ 0,53 5,11 + 1,65
J26 El Feyja IV 0,33 + 0,21 4,12 £ 0,20
J27 Melloula IV (Tabarka) 0,37 + 0,51 8,2 + 0,68
J28 Melloula IT (Tabarka) 0,25 + 0,52 4,18 + 0,81
J29 bni mtir 0,36 £ 0,54 4,23 + 0,42
J3o Bou Hertma 0,21 + 0,45 2,13 + 0,57
J31 Ain Drahem I 0,32 £ 0,63 6,44 + 0,22
J32 Feyja VIII 0,22 + 0,22 2,28 + 0,65
J33 Mhamdia 0,27 + 0,34 3,62 £ 0,45
J34 Ouled Ali IT (El ghorra) 0,16 + 0,33 3,26 +£ 0,19
J35 Ouled Ali IT (El ghorra) 0,20 + 0,41 3,12 £ 0,39
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Table 3. Results of ANOVA for analysed varaibles.

Variables Source of variation DL MC F
DBH Altitude 15 6180,24 80788,6%**
H Altitude 15 5303,77 2657,28%**
Leaf biomass Altitude 47 1799,43 64052,12%%*

Year 1 157566,6 119,0022%%*
Altitude x Year 47 1439,449 51238,33%**
Wood biomass Altitude 47 536,3939 15160,27%**
Year 1 3003,659 123356,3%**
Altitude x Year 47 109,2535 3087,87%%*
LMA Altitude 81 1893,6 7,819%*
Year 1 0 o NS
Altitude x Year 47 182 1,27 NS

*** : significant difference at the 0,0001

NS : not significant difference

In this study, it provides evidence for the significance
of reduced leaf mass per area (LMA) in the less
favourable sites (Fig. 4). Plant leaf parameter (LMA)
differed significantly between populations (Table 3)
and not between years. Populations from BZ3 (Bellif,
107m of altitude), BJ7 (Dmeyene, 280 m), J27 (Feyja,
716m), J3 (Dar Fatma, 862m) and J21 (Mejene,
970m) presented higher LMA, consistent with the
hypothesis of cork oak response to unfavourable
conditions for growth. However, it is noted that LMA
decreased in medium altitude especially in Fernana
populations (J8 at 401m and Ji0 at 454m) and

increased in very low and high altitude.

Fernana populations are found in an Ain Drahem

region of Jendouba (Kroumirie Mountains)
characterized by a rather humid climate with cold
winters and modest warm summers (Fig. 5). They
have average values of growth (DBH and height)

compared with the rest of populations.
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Fig. 4. LMA (leaf mass per area) of Q. suber

populations according to the altitude.
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Fig. 5. Annual course of (a) precipitation and (b) air
temperature at the three stations Tabarka (6858.21'N,
008853.41E, 50 m) (diamonds), Ain Draham
(triangles) (36846.98'N, 008843.79'E, 800 m), and
Jendouba (squares) (36838.84’N, 008839.56’E, 340
m);in northern Tunisia (Jendouba Governorate)
representing subhumid, humid, and semi-arid
climate conditions, respectively (Gounot and Le
Houerou 1967). Data are monthly means + SD over a
Direction

38-year period (1975-2012) (source

Generale des Ressources en Eau, Tunis).

Mean length of Growth units from 2009 till 2012
were found to be highly in cork oak populations
located at medium altitude like Fernana populations
(J8 and J10) (Fig. 6). However, Bellif, Babouch and
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Bni Mtir Populations (BZ3, BZ5, J1 and J7) showed Fernana populations. Similarly, bellif, Babouch and

also highly significant values of length growth units. bni Mtir populations have highly significant values of
u.c biomasses (Fig.7).

These results are confirmed by the biomass values of

u.c increasing at medium altitudes especially in
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Fig. 6. Mean length of growth units (u.c) from 2009 till 2012 of cork oak populations.
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Fig. 7. Growth units biomasses of cork oak populations according to the Altitude.
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Fig. 8. Foliar biomass per growth unit according to the altitude.
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For the foliar biomass production, ANOVA revealed
highly significant differences between populations
and years (Table.3). In 2012, populations at medium
altitude (350 till 5900m) presented maximum leaf
production especially in Fernana sites. The cork oak is
an evergreen species (2-3 years), however according
to our results; some cork oak populations have kept a
few leaves for a period of 4 years. Indeed, in 2009, we
found leaves in some u.c as in Tabbouba populations
(BJ1, BJ9), Melloula (J27) and Feyja populations
(J21,J25, J32) (Fig.8).

Discussion

In the Mediterranean basin, summer drought is the
main constraint on tree growth with great interannual
variations in duration and intensity (Le Houerou,
2005; Girard et al, 2012). For the twenty-first
century, climate models predict in the Mediterranean
basin a faster warming than in most other areas in the
word, associated with a reduction of rainfall during
the growth season (Gibelin and Deque, 2003;
Hesselbjerg-Christiansen and Hewitson, 2007). In
addition, extreme climatic events are prone to be
recurrent (Meehl and Tebaldi, 2004). The response of
forests to the forecasted increase in drought
occurrence is considered a key issue in climate change
scenarios (Hesselberg-Christiansen and Hewitson,
2007). Rapid decline in precipitation and higher
temperature are already noticeable in some areas in
the Mediterranean basin. In Tunisia, especially in
Kroumirie (North West Forest), very low rainfalls
were observed each year for more than 10 years (INM
Tunisia). The selection of trees adapted for future
environmental and climatic conditions, with special
reference to the resistance to drought stress, is of
primary importance for forestry in a climate change
scenario. This selection is based on the identification
and quantification of functional traits associated with
drought resistance, and the correspondent genetic
features.

Plant  phenotypic responses are generally
characterized by response curves or norms of

reactions to the environment, which for complex

traits are inherently, and mostly nonlinear (Fiorani
and Schurr, 2013). So, to understand the evolution of
adaptative traits, it is necessary to study structural
traits variation within populations and assess the

adaptative value of these variations.

This study showed that cork oak populations have
different significant structural traits according to the
climate and altitude as indicated by their
morphological and biometric parameters. Differences
were evident for growth traits through comparisons
between provenances (populations) (Table 3). This
large-scale analysis using both the biomass inventory
and the growth productivity estimated over 5
contrasting  climatic
identify the

variability of the cork oak, especially its spatial

consecutive  years  with

conditions, allowed to temporal
variability. This spatial variability has allowed us to
identify the most intense vulnerability areas on which
future research should be intensified in order to

maintain sustainable forestry.

The results aim to elucidate the impact of
environmental conditions on the distribution of cork
oak (Quercus suber L.). Under harder -climatic
conditions such as lower water availability and high
temperatures; cork oaks tend to have low values of
biometric and morphological parameters. Indeed,
phenotypic plasticity is the capacity of a genotype to
produce functionally different phenotypes in different
environments (Sultan, 1995; Pigliucci, 2001). Responses
to different environments may include highly specific
developmental, morphological and physiological
adjustments that can enhance survival and persistence
in those novel environments, and therefore, phenotypic
plasticity is a major mode of adaptation in plants
(Sultan, 1995, 2000, 2003; Pigliucci, 2001; Valladares et
al., 2006; Ghalambor et al., 2007). At very low and high
elevations, cork oak trees have lowest values of
morphological parameters and highest values of LMA

parameter (Table 2, Fig.4).

Leaf mass per area is leaf trait that plays central roles

in plant growth rate and survival (Lamber and
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Poorter, 1992; Grime et al., 1997; Wright et al., 2004;
Ramirez-Valiente et al.,, 2014). This parameter has
been proposed to be universally important for plant
fitness (Poorter et al., 2008). The ratio between leaf
mass and surface is an architectural parameter. At
any given time, for a same quantity of biomass, leaf
surfaces and architectures may differ according to
LMA. Many authors consider variations in LMA
according to the environment to be an adaptative
strategy of the plant (Li et al., 1999; Qaderi et al.,
2006; Gamage and jesson, 2007; Jullien et al., 2009).
High LMA values in populations at lower altitude like
(Bellif, 107m of altitude), BJ7 (Dmeyene, 280 m), and
at high altitude like J277 (Feyja, 716m), J3 (Dar Fatma,
862m) and J21 (Mejene, 970m); are related to leaf
resistance to dry conditions (Niinemets, 2001) and to
deficit
evapotranspiration (Wright et al., 2004). These

high vapour pressure and potential
populations showed also the lowest values of their
morphological parameter (DBH and height) (Table
2). The lower LMA values at the drier sites are likely
due to lower photosynthetic rates (Ogaya and
Penuelas, 2003), and lower carbon allocation to
leaves. These decreases in LMA were produced by the
decreases in leaf thickness. Lower leaf area and leaf
thickness could be explained by the decline in cell
expansion imposed by drought during leaf growth
(Hsiao et al., 1985; Niinemets and Kull, 1998), when
the area of shoots and needles are sensitive to
resources availability (Pokorny et al., 2004). In this
study, LMA decreased in medium altitude especially
in Fernana populations (J8 at 401m and J10 at 454m)
(Fig.4). The lowest LMA are interpreted by favourable
conditions for growth (rather humid climate with cold
winters and modest warm summers). Similarly, Bellif,
Babouch and Bni Mtir populations (BZ3, BZ5, J1 and
J7) presented the same results. Even at low altitude,
these populations are located on soils with high water
reserves. Bellif is a cork oak forest near a large dam
and Bni Mtir forest is located on the north side of Ain
Drahem. Here we talk about optimal water conditions
(heavy rainfall and soft summer more high water

reserve).

Mean annual growth units elongation and leaf
production were found to be highly correlated to
medium  altitudes (cumulative rainfall and
temperature), especially in Fernana populations
(Fig.6, 7 and 8). They were mainly dependent on the
favorable conditions preceding the time of major

growth activity (Pinto et al., 2011).

However, trees that have kept their leaves for a period
of 4 years, as in Tabbouba populations (BJ1, BJ9),
Melloula (J27) and Feyja populations (J21, J25, J32),
could be arranged according to their functional and
structural crown architectures, and this arrangement
was consistent with their environmental conditions
(Esteso-Martinez et al., 2006). Similar ordinations
have been found according to traits related to water-

stress resistance (Kikuzawa, 1995).

Dendrogramme

Cluster 3

] ™ = u =
= = = = =

g

Fig. 9. Dendrogram of Cork oak populations
clustered based on Dissimilarity of Person Method

(Aggregation).

In order to examine if the differentiation is a

consequence of genetic drift and/or of natural
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selection, it has performed a cluster analysis.
Dissimilarity of Pearson based on aggregation method
was found to separate the provenances into three
clusters at a mean distance of 0.35 : cluster 1 included
J8, J10, BZ3 and BZs5 populations; Cluster 2 with J1
and J7 populations and cluster 3 included the rest of
populations (Fig.9).According to the amount of
variation of some parameters, populations from J25,
J21, J32, J37 and Bjg were clearly separated from the
rest of populations. These areas have unfavourable
climatic conditions (high altitude with hard climate
conditions). It was distinguishable by the high LMA,
low structural and morphological parameters. In the
end, this analysis allowed us to identify the most
fertile populations, most resistant face future climates
hardening (cluster 1 and 2) including Fernana and

Bellif populations.

Conclusion

This study showed that cork oak populations have
significant levels of phenotypic differentiation as
indicated by their morphological and structural traits.
Differentiation was evident for growth traits. It is now
accepted that the best provenances come from
Fernana region, especially J8 and J10 populations
that could be considered as an ecotypes of
reforestation in the future.

The expected impact of climate change on different
tree provenances will differ according to their
geographical distribution and ecological features.
Populations with a narrow range of genetic variability
are likely the most threatened by environmental
changes (Bussotti et al., 2015). These populations
require a proactive management (strategy of
resistance), including the restoration of the habitats
and ex-situ conservation. It is the case of Feyja,
Tabbouba, Mejene, Dmeyen and melloula populations
(BJ1, BJ9g, BJ7, J21, J25, J27, J32).

combined with forest

Rapid climate

fragmentation and the presence of anthropogenic

change

barriers may constitute an insuperable obstacle for
the spontaneous evolution of the forest. Direct action

of foresters is therefore necessary to avoid loss of

forest cover due to insufficient natural flow of suitable
reproductive materials. The problems related to forest
management under climate change have been
addressed by many researchers ( Bussotti el al., 2015;
Lindner, 2000; Lindner et al., 2010; Hemery, 2008,
Bolte et al., 2009, 2014; D’Amato et al., 2011; Milad
et al., 2011; Temperli et al., 2012; Hanewinkel et al.,
2013). This study provides background information
for the conservation and management of population
growth of cork oak, which are classified along a
gradient of fertility. It allowed us to distinguish
between provenances and to validate the
morphological approach as a tool for early selection of
provenances for forestation. In addition, this work
provides useful information about Quercus suber spp.
Variability, either in this project or in future

ecological and genetic investigations.
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