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Abstract
The cork oak is native forest species, the most represented in Tunisia and especially to Mogods Kroumirie. This
species is considerable regression estimated at 1.22% of the area per year . Natural regeneration of cork oak
seedlings and by rejecting strain encounters strong difficulties mainly because of the great mortality among
seedlings. The failure of this regeneration is mainly caused by environmental conditions characteristic of the
Mediterranean climate (long dry seasons with hot winds and high temperatures) and by predation and
anthropogenic factors. Our study is to analyse the physiological and biochemical responses of seedlings of cork
oak, subjected to moderate and severe water stress, which was conducted in nurseries in Tunis in twelve
populations of cork oak. The various treatments are used to test the tolerance of the cork oak plants to water
stress by biochemical markers such as proline, sugars and starch. The accumulation of sugars is characteristic of
woody plants in difficult environmental conditions, as in our experimentation proline and starch can be regarded
as a biochemical marker of stress to the cork oak.
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Introduction

complementary approaches and look for stronger and

The world's forests and the Tunisian forests are

more recent sources to cope to water stress of the

multiple threats. Several divergent elements involved

environment:

or may be involved in the evolution of these forests.
Like the Mediterranean forests, cork oak Tunisian

In this work, we seek to increase a corpus of

undergo each year a continual decline; since the

knowledge of physiological and biochemical approach

beginning of the century, they have lost more ground

for analyzing tolerance among young oak seedlings

than they have gained. According to several authors

cork in water stress, and which are essential for

this situation results from the combined action of

identifying a possible structuring of resistance to

several historical, socio-economic and natural. Today

drought.

aged, the cork forests are dying gradually giving way
to training degraded with poor natural regeneration

Materials and methods

or occasionally present.

Plant material and study site
Cork oak seedlings (Quercus suber L.) are from

The genus Quercus is typical of such a situation. The

acorns harvested from adult subjects areas Hammam

oaks are angiosperm belonging to the family

Bourguiba [HB], Dar Fatma [DF], Oued Zeen [OZ],

Fagaceae. This family is divided into seven genera

Ain Zana [AZ]; Mejen Essef [ME]; Blessed Mtir [BM]

(Manos and al., 2001): The genus Quercus comprises

Jebel zouza [DZ] (Ain Draham) El Feidja [EF] (Gar

several hundred species. According to the authors,

Dimaou); Bellif [B] (Nefza); Jebel Khroufa [DK]

several classifications have been proposed on the

(Tabarka); Keff El Rand [KR] (El Haouaria) and

basis of physiological and biochemical studies.

Hammam Jdidi [HJ] (Hammamet) (Table 1).

The

study

of

different

physiological

and

The choice of sites was performed according to

biochemical characteristics that allow plants to

geographical distribution, the bio-climate and relief.

survive in some environments and not in others, is an

The tests were carried out in controlled conditions in

important step in understanding the distribution

the nursery of INRGREF in Ariana on a semi-arid

patterns and abundance of species, a central goal of

bioclimate higher. Young plants are located in

ecology (Givnish, 1988).

polybags of 12 cm in diameter and 20 cm in depth
filled with a substrate (mixture containing 1/3 sand

Studies have shown that plants could exhibit

and 2/3 of cork oak humus) and whose composition

phenotypic plasticity (independent of the variability

physico chemical is given by (Table 2).

of genomes) for many traits, whether morphological
traits, physiological, anatomical or traits related to

Methods

development and reproduction individuals (Sultan,

Our study focused on the following parameters:

2000). Whether the scale of the sheet or of the whole
plant, these functional features vary with the size and

Physiological parameters

age of the shafts (Mediavilla and Escudero, 2003).

The osmotic adjustment Δψs100: (AO): The osmotic
adjustment

is

determined

indirectly

from

the

In Tunisia, the cork oak is native hardwood forest

pressure volume curve; it is calculated from the

species most represented the Tunisian territory and

difference between the osmotic potential at full turgor

especially in Kroumirie (Hasnaoui, 1991). Therefore,

(ψ100π) of stressed and the controls.

it is very important to study the physiological and
biochemical responses of seedlings at the end of cork

The osmotic adjustment = ψπ100 (stressed) - ψπ100

oak to enhance the regeneration of cork oak on two

(controls).
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Biochemical parameters

acid at 21%. The calibration range of the starch has

Determination of soluble carbohydrates

been established with pure glucose, diluted with 21%

The extraction was performed according to the

perchloric

described by technique of Albouchi, 1977 (inspired by

spectrophotometer (type Perkin - Elmer 295 E). The

methods developed by Mc Cready et al., 1950 and

readings are plotted on a calibration curve relating

Staub, 1963. One hundred mg of dry powder plant

the absorbance at 640 nm for the pure glucose

(stem, leaf or root) were mixed with 10 ml of 80%

concentration, which can

ethanol. Is heated homogenate stirring in a water

densities starch content, expressed as mg / g of dry

bath at 70 ° C for 30 minutes. After cooling and

matter.

acid.

The

OD

was

read

with

a

translate the optical

centrifugation for 10 minutes at 6000 revolutions /
min, the soluble sugars contained in the supernatant

Determination of proline

were assayed for anthrone 0.2% (200 mg anthrone

The method used is that of Troll and Lindsley (1955),

dissolved in 100 ml concentrated H2 SO4) in the

streamlined and developed by Dreier and Goring

presence of ethanol 80%.

(1974). The assay is performed on the leaves, stems or
roots. A vegetable powder sample of 100 mg of dry

The control consisted of a solution containing 2.5 ml

matter is attacked by 5 ml of methanol at 40%. The

of anthrone and 1.25 ml of 80% ethanol. The

mixture is heated in a water bath at 80 ° C for 30

reference range was established with pure glucose,

minutes. After cooling 1 ml is removed from the

diluted in distilled water. The OD was read with a

extract, to which is added 2 ml of acetic acid, 25 mg of

spectrophotometer (type Perkin - Elmer 295 E) at the

ninhydrin and 2 ml of a mixture containing (300 ml

wavelength of 640 nm. Soluble sugars contents are

of acetic acid + 80 ml of absolute orthophosphoric

evaluated with reference to a line of predetermined

acid + 120 ml of distilled water).

calibration by the equation Y = 0.1468 OD - 0.0034
for translating the optical densities levels of soluble

The mixture is heated in a water bath at 100 ° C for

sugars, expressed in mg / g dry matter.

30 minutes. The solution gradually turns red. After
cooling, 5 ml of toluene are added to the solution.

Determination of Starch

After shaking several times, the upper phase was

The starch extraction was inspired by methods

recovered, to which a spatula anhydrous Na2SO4 was

developed by Mc Cready et al., 1950 and Staub, 1963

added.

described by Albouchi ,1997. The previous base (assay

spectrophotometer at a wavelength of 528 nm. The

of soluble carbohydrates) containing starch is taken

values obtained are plotted on a standard curve and

up in 80% ethanol to warm for 5 min and then

are expressed in mg / g of dry matter. The standard

centrifuged at 6000 r / min.

solution is prepared with different concentrations of

Reading

is

performed

by

the

proline.
The supernatant was discarded. The previous step is
repeated (4 times) until the reaction of the

Static Analysis

supernatant anthrone or negative. The final pellet is

The performed statistical analysis is to compare the

taken up in 1.5 ml of 35% perchloric acid and placed

variables studied; it is produced with the SPSS18

in an ice bath for 15 min. Centrifuged and remove the

software. The measures have been an analysis of the

supernatant (S1). The pellet is réhydrolysed cold for

variance by a factor depending on the case by the

30 minutes. Centrifuged and the supernatant is

Fisher F test to verify the equality of the means of

recovered (S2). S1 and S2 are combined and the

hypothesis risk threshold of 5%. The graphical

whole 5 ml with distilled water. The dosage of starch

outputs were achieved with the Excel 2007 software

was carried anthrone in the presence of perchloric

(Table 3).
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Results

of the first cycle. They are 0.02; 0.10; 0.11; 0.16; 0.38;

Physiological

characterization

of

different

0.57; 0.44; 0.67; 0.06; 0.04; 0,02et 0.03 MPa at the

populations of cork oak

end of the second cycle (Fig.1).

Osmotic adjustment

Statistical analysis showed a highly significant

The values obtained from the cork oak seedlings are

difference between all populations except between

of the order of 0.04; 0.17; 0.39; 0.28; 0.66; 0.10; 0.51;

people group AB (Ain Zana; Hammam Jdidi, Béni

0.22; -0.01; 0.2; 0.44 and 0.10 MPa, respectively, for

Mtir, Dar Fatma El Keff Rand, El Feidja and Mejen

the populations of Oued Zeen; Keff El Rand;

Essef) and group B (Bellif , Djebel Khroufa, Oued

Hammam Jdidi; Dar Fatma; Jebel zouza; Jebel

Zeen and Hammam Bourguiba) during the cycle 1in

Khroufa;

5% threshold.

Ain

Zana;

Mejen

Essef;

Hammam

Bourguiba; El Feidja; Béni Mtir and Bellif at the end
Tabe 1. Characteristics geographical, bioclimatic and relief of different populations of oak cork (Quercus suber
L) in Tunisia.
Site

Abbreviation

Area

Geographical
distribution

El Feidja

EF

Ghardimaou

Beni M'ttir

BM

Ain Drahem

Western
(Kroumirie)
Western
(Kroumirie)

Hammam Bourguiba

HB

Ain Drahem

Dar Fatma

DF

Ain Drahem

Oued Zena

OZ

Ain Drahem

Mejen Essef

ME

Ain Drahem

Aîn Zana

AZ

Bouselm

Djebel Zouza

DjZ

Nefza

Keff El Rand

KR

Haouaria

Hammam Jdidi

HJ

Hammamet

Djebel Khroufa

DjK

Tabarka

Bellif

B

Tabarka

Bioclimat
stage)
North
North

Western
North
(Kroumirie)
Western
North
(Kroumirie)
Western
North
(Kroumirie)
Western
North
(Kroumirie)
Western
North
(Kroumirie)
Western
North
(Kroumirie)
North Est (Cap Bon)
North Est
(Cap Bon)
Western
(Mogods)
Western

North
North

(Mogods)

(bioclimatic

Wet
superior
moderate winter
Wet
superior
moderate winter

Relief

at

Montagne

at

Montagne

Wet
superior
at
moderate winter
Wet
superior
at
moderate winter
Wet
superior
at
moderate winter
Wet
superior
at
moderate winter
Wet
superior
at
moderate winter
Wet
superior
at
moderate winter
Sub-wet superior at hot
winter
Semi-arid lower than
hot winter
Wet inferior at hot
winter
Wet inferior at hot

Montagne

winter

tellienne

Montagne
Montagne
Montagne
Montagne
Montagne
Montagne
Montagne
Chaine
tellienne
Chaine

Statistical analysis showed a highly significant

of the order of 2664.50; 1196.50; 2194.74; 1871.78;

difference between all populations except between the

1769.02;

CD group populations (Dar Fatma El Keff Rand,

1132.89; 3065.76 and 3780.18 mmol / g of dry matter

Hammam Bourguiba, Bellif, Oued Zeen and El

for stressed plants against 2145.81; 1279.69; 3036.40;

Feidja) during cycle 2 to 5% threshold (Table 4).

3775.29; 1201.40; 2229; 927.37; 1421.60; 1402.02;

1832.64;

2023.48;

2444.30;

2155.60;

1529.25; 1568.40 and 2571.53 mmol / g of dry matter
Biochemical

characterization

of

different

for control plants respectively in populations of Bellif;

populations of cork oak

Dar Fatma; Jebel zouza; Béni Mtir; Hammam

Changes in sugar content

Bourguiba; El Feidja; Jebel Khroufa; Oued Zeen; Keff

The values of sugar content in cork oak seedlings are

El Rand; Hammam Jdidi; Ain Zana and Mejen Essef
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At the end of two cycles of water stress, (Fig.2).

difference between all populations except among
populations of Dar Fatma; Hammam Jdidi and

The statistical analysis shows no significant difference

between populations of Hammam Bourguiba; El

among all populations of cork oak (Hammam

Feidja; Béni Mtir; Jebel Khroufa; Keff El Rand; Jebel

Bourguiba, Ain Zana; Hammam Jdidi; Bellif El

zouza; Oued Zeen; Bellif and Ain Zana for stressed

Feidja, Dar Fatma, Oued Zeen, Mejen Essef; Béni

plants at the 5% level (Table 4).

Mtir, Djebel zouza, Djebel Khroufa and Keff El Rand)
for the control plants and a highly significant
Table 2. Soil texture culture.
Argile (en%)

10%

pH

7.5

Sable grossier

48%

Limons fins

3%

Calcaire total

2%

Azote total

560 ppm

Limons grossiers

5%

P 2O 5

15 ppm

Matière organique

1.8%

Sable fin

32%

K2O

70 ppm

Changes in proline content

Statistical analysis showed a highly significant

The values obtained for proline content in young cork

difference between all populations except between

oak plants are of the order of 6.32; 2.72; 3.60; 3.32;

populations Hammam Bourguiba; Jebel Khroufa and

3.28; 2.50; 4.73; 5.07; 7.44; 2.72; 4.16 and 4.10 mmol

Bellif; between populations of Beni Mtir; El Ain Zana

/ mg of dry matter for stressed plants against 1.71;

and Keff Rand; between populations of Dar Fatma;

4.34; 6.57; 3.61; 0.94; 7.29; 1.27; 2.16; 3.95; 4.40;

Hammam Jdidi and between populations Jebel zouza

3.73 and 2.40 mmol / mg of dry matter for the control

and El Feidja to control plants and a highly significant

plants respectively in populations of Bellif; Dar

difference between all populations except between

Fatma; Jebel zouza; Béni Mtir; Hammam Bourguiba;

populations Keff El Rand; El Feidja; Dar Fatma;

El Feidja; Jebel Khroufa; Oued Zeen; Keff El Rand;

Hammam Jdidi; Hammam Bourguiba; Béni Mtir and

Hammam Jdidi; Ain Zana and Mejen Essef at the end

Djebel zouza and between populations of Mejen

of two cycles of water stress (Fig. 3).

Essef; Ain Zana; Djebel Khroufa and Oued Zeen for
stressed plants at the 5% level (Table 4).

Table 3. Result of Duncan test (0.05) is Conducted biochemical characters of different populations of oak cork
(Quercus suber L) in Tunisia: B: Bellif, DF: Dar Fatma KR: Keff Rand, DZ: Jebel zouza, BM Blessed Mtir, HJ:
Hammam Jdidi, HB: Hammam Bourguiba, DjK: Jebel Khroufa, OZ: Oued Zen EF: El Feidja, AZ Ain Zana, ME:
Mejen Essef.
Sucrose soluble
B
DF
5.493
5.840

KR
5.424

DZ
5.820

BM
5.257

HJ
5.632

HB
6.100

DjK
5.436

OZ
5.105

EF
6.000

AZ
6.508

ME
5.759

DF
3.265

KR
3.148

DZ
3.102

BM
2.709

HJ
3.094

HB
3.092

DjK
3.082

OZ
2.817

EF
3.362

AZ
3.412

ME
3.211

DF
1.817

KR
1.741

DZ
1.897

BM
1.967

HJ
1.841

HB
2.013

DjK
1.781

OZ
1.833

EF
1.801

AZ
1.967

ME
1.823

Proline
B
3.072
Amidon
B
1.803

Changes in starch content

0.16; 0.24; 0.15; 0.95; 0.25; 0.66; 0.21; 0.26 and 0.42

The values obtained from the starch content in cork

mg / g of dry matter for stressed plants against 0.24;

oak seedlings are of the order of 0.36; 0.53; 0.16;

0.62; 0.25; 0.34; 0.23; 0.92; 0.68; 0.23; 0.20; 0.33;
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0.17 and 0.22 mg / g of dry matter, respectively to the

populations Ain Zana; Keff El Rand; Mejen Essef;

control plants in populations of Bellif; Dar Fatma;

Oued Zeen; Hammam Bourguiba; Bellif and Djebel

Jebel zouza; Béni Mtir; Hammam Bourguiba; El

zouza and between populations of Hammam Jdidi

Feidja; Jebel Khroufa; Oued Zeen; Keff El Rand;

and Béni Mtir to control plants and a highly

Hammam Jdidi; Ain Zana and Mejen Essef at the end

significant difference between all populations except

of two cycles of water stress (Fig.4).

among the peoples of El Feidja; Jebel zouza and Béni
Mtir and between populations of Hammam Jdidi;

Statistical analysis showed a highly significant

Hammam Bourguiba; Oued Zeen; Ain Zana

difference between all populations except between

Bellif for stressed plants at the 5% level (Table 4).

and

Table 4. One way analysis of variance of (ANOVA) applied quantitative parameters referring to biochemical
characters.
Morphological traits

Mean square

F.observed

P

Sucres solubles

1,535

4,395 **

0,000

proline

0,400

3,008 *

0,002

amidon

0,072

2,125 NS

0,024

NS: Non Significant,*: Significant, **: High Significant.
Discussion

strategy of resistance to water stress. Similarly, for

Osmotic adjustment is considered an important

Keff El Rand populations (from 0.17 to 0.10 MPa);

criterion determining the ability of osmo- regulation

Oued Zeen (0.04 to 0.02 MPa); Bellif (0.10 to 0.03

it allows the maintenance of turgor compatible with

MPa); Ain Zana (0.51 to 0.44 MPa); but this is limited

physiological activities in water limiting conditions.

in time. A greater decrease in the population of

Our results show that osmotic adjustment increases

Hammam Jdidi (0.39 to 0.11 MPa); Dar Fatma (0.28

dramatically at the end of the second cycle in

to 0.16 MPa); Jebel zouza (0.66 to 0.38 MPa); El

populations Méjen Essef (0.22 to 0.67 MPa); Dj

Feidja (0.20 to 0.04 MPa) and Béni Mtir (0.44 to

Khroufa (0.10 to 0.57 MPa) and Hammam Bourguiba

0.02 MPa), at the end of the 2nd cycle, which

(0.01 to 0.06 MPa) which explains that these

indicates that the population therefore exhibit

populations have a high capacity to osmo-regulation

sensitivity face to the constraint water.

allowing tissues to develop a higher turgor and

Fig. 1. Osmotic adjustment (MPa) of different populations of cork oak (Quercus suber.L) in Tunisia during the
1st cycle and the 2nd cycle of water stress.
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Osmotic adjustment allows the maintenance of turgor

matter) and low among the population of Hammam

compatible with the physiological activities by

Bourguiba (1769.02 mmol / g of dry matter) (Fig.2).

limiting water conditions (Turner et al., 1980) These

Carbohydrates have a fundamental role in the life of

values are higher than those recorded for the Kermes

plants, are the primary products of photosynthesis

oak that has an osmotic adjustment relative 9.83%

and compounds from which are synthesized lipids

(Ksontini, 1996). Similar results were found by

and proteins. These are indicators of degrees of

Hireche (2006) for two varieties Dessica and Moapa.

stress, because of its significant increase in the
severity; metabolic sugars (glucose, galactose, sucrose

Analysis of the change of sugar content

and fructose) provide resistance to various stresses.

The values of sugar content obtained are greater in

The sugars play a predominant role in the life of the

stressed plants compared to control plants for

plant,

populations

Jebel

Transported to the deep tissue and channeled,

Khroufa, Oued Zeen; Keff El Rand; Ain Zana and

breathing is converted to compounds of reserves

Mejen Essef at the end of two stress cycles, the

(lipids,

highest values are recorded in populations of Mejen

degraded, regulation of metabolic process depends on

Essef (3780.18 mmol / g of dry matter) and Ain Zana

the concentration of sugars (Loretti et al.,2001).

(3065.76 mmol / g of dry matter) to a lesser degree

Soluble sugars in combination with other organic

among populations Bellif (2664.50 mmol / g of dry

solutes

matter), Oued Zeen (2444.30 mmol / g of dry

(malate), amino acid) are involved in the process of

matter), Jebel Khroufa (2023.48 mmol / g of dry

osmoregulation (Kinet et al.,1998).

Bellif,

Hammam

Bourguiba,

they

are

sucrose,

(proteins,

produced

starch)

by

which

carbohydrates,

photosynthesis.

are

optionally

organic

acids

matter) and El Keff Rand (2155 60 mmol / g of dry

Fig. 2. The sugar content (µmol/mg MD) of leaves young’s controlled (T) and stressed (S) plants of different
populations of cork oak (Quercus suber.L) in Tunisia after two water stress cycles separated by rehydration.
Sucrose and monosaccharides, osmotic play a role in

Indeed, Barlow and a., 1976 show that the presence of

lowering the osmotic potential, and consequently in

soluble sugars during periods of heat and drought

the osmotic adjustment in different plants and give

protect the thylakoids of irreversible alteration of

them a stress tolerant life life (Bezzela, 2005).

membranes and exert a favorable effect on the
protoplasmic drought resistance. Similarly, Sauter

The accumulation of soluble sugars in warm climatic

and Kloth, 1987 in Decourteix, 2005 reported that in

conditions has been reported by several authors.

poplar, the sucrose content of xylémien parenchyma
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is very strong in August during the deposition of

mmol / g of dry matter); Blessed Mtir (3, 32 mol / g of

starch, low to the end of fall and maximum in

dry matter) and Jebel Zoua (3.60 mmol / g of dry

January. The amounts of fructose and glucose remain

matter). So these populations Mejen Essef and Djebel

constant throughout the year. Maltose, when to him is

Kroufa have a capacity for osmoregulation allowing

the most abundant sugar from August to November,

tissues to develop drought resistance strategy.

but its content is negligible in January.

Regarding populations Keff El Rand; Bellif; Oued
Zeen and Ain Zana showed tolerance to water stress

Analysis of changes in proline content

by an accumulation of proline over time of

The highest levels of proline are recorded in

approximately (6 mmol / g of dry matter) at the end

populations of Keff El Rand (7.44 mmol / g of dry

of two cycles of dryness. Both disk populations

matter and Bellif (6.32 mmol / g of dry matter to a

Hammam Jdidi; Dar Fatma; Fl Feidja; Blessed Mtir

lesser extent in populations Oued Zeen (5, 07 mmol /

and Djebel Zoua have shown vis-à-vis sensitivity to

g of dry matter), Jebel Kroufa (4.74 mmol / g of dry

water stress because their proline content decreases

matter), Ain Zana (4.16 mmol / g of dry matter) and

over time in the order of (2 mmol / g of dry matter) at

Mejen Essef (4.10 mmol / g of dry matter) and lower

the end of two cycles of dryness, Proline is an amino

in the Population Hammam Jdidi and Dar Fatma

acid essential in plants, it is considered an indicator

(2.72 mmol / g of dry matter) and Fl Feidja (2.50

of stress (Fig.3).

Fig. 3. The proline content (µmol/ mg DM) leaves young’s controlled (T) and stressed (S) plants of different
populations of cork oak (Quercus suber.L) in Tunisia after two water stress cycles separated by rehydration.
Proline appears to play an important role in plant

means or residue removal (Delaa, 2003).

response to drought: its rapid accumulation during
water stress was demonstrated in many plants,

The accumulation of proline in the case of stress gives

particularly in barley (Lewin et al., 1978) in the

it the role of osmoticum in the cytosol, this amino

Eucalyptus (Chunyang., 2003), in soft wheat (Tan,

acid contributes to the osmoprotection in several

1982; Riazi, 1985; Monneveux and Nemmar 1986). It

species, when exposed to osmotic stress (Slama et al,

plays a role consisting in osmoprotection and

2004).

regulation of cytoplasmic pH (Delauney and Verna
1993). It provides a reserve of nitrogen that can be

Belhassen et al., 1995 and Hyun et al., 2003 have

used under stress conditions such as acidity reduction

shown the important role of proline in maintaining
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osmotic adjustment, in addition to its protective role

phyllodes Acacia cyanophylla L. Ksontini (1996)

(protein

against

found that the proline content in plants subjected to

denaturation of the enzymes, hydroxyl radicals and

stabilization,

prevention

water stress are higher than in irrigated plants for all

protective membranes). Besides, if the accumulation

species and at the end of two cycles of drought.

of proline usually corresponds to a damaged event

However, in older plants; the increase of the proline

caused by water stress, it is often considered a sign of

content is shown at the end of the second cycle of

adaptation to drought. Albouchi et al., 2001 showed

drought. It is more important in cork oak of Bellife

that the drought induced accumulation of prolines in

(0.8mol / GMS) than the Kermes oak Ras Rajel.

Fig. 4. The starch content (mg/g DM) of leaves of young’s controlled (T) and stressed (S) plants of different
populations of cork oak (Quercus suber.L) in Tunisia after two water stress cycles separated by rehydration.
Mefti et al., (1998) found that the water stress applied

stress where low temperatures ranged between 2 and

to Medicago truncatula L caused a significant

-4 ° C with a total of 228 hours.

increase in proline accumulation. This accumulation
of organic solutes is simply a phenomenon of

The increase in soluble sugar content in the seed

adaptation to drought, allowing the plant to maintain

organs during the winter season might be the result of

turgor by lower water potential; it's a form of

increased degradation of starch during this season.

adjustment of its potential. This type of tolerance

Smith et al., 1979 show that the increase in summer

allows the plant to ensure its physiological functions

temperatures favors the accumulation of starche

normally despite deterioration in its internal water

retards,

status consequent drought. A value confirms the

temperatures during the ripening period accelerate

hypothesis Hinckley, 1982 which suggests that the

the degradation which is consistent with our results.

its

hydrolysis

while

the

low

night

production of solutes in response to drought is
uncommon in trees with oaks (Dreyer et al., 1990,

The content of Aleppo pine seedlings presents

Ksontini, 1996) and Caroubier (Rejeb, 1992).

significant accumulations of proline and changes to
seasonal temperature variations. While it is relatively

Examination of the results shows that the seasonal

low in normal conditions (control). Knu and Chen,

soluble sugar content of Aleppo pine seedlings during

1986 show that the proline content is very low in the

the winter season is much higher than in the other

leaves

seasons. This period is dominated by the frequency of

conditions.

and
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productive

members

in

favorable
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With the exception of the summer season, the proline

shows its strong translocation to the growing organs,

content is correlated with that of the soluble sugars in

to be metabolized and used for other purposes; it

other seasons. However during the summer season,

explains the rapid pace of growth of plants during the

the Aleppo pine seedlings accumulate these two

summer season (Sakai and Larcher, 1997).

metabolites differently when there was a large
accumulation of proline and a low concentration of

Analysis of changes in starch content

soluble sugars. The simultaneous accumulation or not

The values obtained from the starch content are

of these two solutes according to the degree of stress,

higher in stressed plants compared to control plants

allows plants to withstand extreme temperatures. The

for populations of Bellif; Hammam Bourguiba; Jebel

process of concentration of soluble sugars and proline

Khroufa; Keff El Rand; Oued Zeen; Ain Zana and

in leaf tissues of the stressed plants is recognized as

Mejen Essef at the end of two stress cycles, the

an adaptation characteristic (Kameli and Losel, 1995).

highest values are recorded in populations of Jebel

The accumulation of proline is an adaptive strategy

Khroufa (0.95 mg / g of Dry Matter) and Keff Rand El

triggered by the plant meet the constraints of the

(0.66 mg / g of Dry Matter ) to a lesser degree among

environment (Belkhodja, 2000). It accumulates in

populations Bellif (0.36 mg / g of Dry Matter) and

water stress (Hubac and Viera Da Silva, 1980), salt

Mejen Essef (0.42 mg / g of Dry Matter) and low

stress (Lahrer and Stewart, 1980), as well as the effect

among the population of Hammam Bourguiba (0.24

of low and high temperatures (Chu et al., 1978; Paleg

mg / g of Dry Matter) , Oued Zeen (0.25 mg / g of Dry

et al., 1981). Indeed, during the spring and summer

Matter) and Ain Zana (0.26 mg / g of Dry Matter)

season, there is a significant accumulation of this

(Fig.4).

amino acid. This increase can be attributed to the
development of plants during both seasons and their

Carbohydrates are the major components of the trees.

need for nitrogen compounds, proline, which if

They represent three quarters of their weight (Kramer

necessary, is one of the most easily mobilized

and Kozlowski, 1991, Alaoui- Sosse et al., 1994).

compounds. Laplante, 2003 shows that the exposure

These carbohydrates, starch and sucrose which have

of plants to frost adaptive triggers the second step in a

been the subject of several studies, starch as the

series of metabolic changes allowing a tolerance to

primary sugar stored in the perennial parts of trees

cold.

and sucrose as the main product of photosynthesis
and products of hydrolysis (glucose and fructose).

According to Hare and Cress, 1997, proline helps

Indeed soluble sugars, even if they represent

stabilize within cell structures (membranes and

osmoticums much less powerful, they also participate

proteins), free radicals, and the cellular redox

in them keeps the balance of osmotic force to

potential in stress conditions and maintain NADP

maintain turgor and cytoplasmic volume as high as

appropriate ratios + / NADPH compatible with

possible (Bouzoubaa et al., 2001) and also for

metabolism. It can also act as electron donor (De

preservation’s membrane integrity in the dried organs

Ronde et al., 2004).

and a protection protein (Darbyshire, 1974).

Regarding the maximum content of soluble sugars

This increase in soluble sugars, was remarkable at the

stored during the winter period, we can see that the

leaf level, a deterioration of certain disaccharides

starch is converted into soluble simple carbohydrates

(sucrose) where the accumulation of sugars (glucose

during this season, which helps to lower the

and fructose) which have shown an increase during

crystallization

temperature

concentration

of

by

increasing

the

the

(super

cooling).

The

carbohydrate reserves are mostly stored long-term in

reduction of soluble sugars levels during the summer

the form of starch. The latter is obtained from the

solutes

stress
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period

at

high

temperatures.

The
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photosynthesis and accumulates during the vegetative
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