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Abstract
The severity of climate causes biochemical and nutritional changes in plants. Our study focuses
on the adaptation of the olive tree to the climatic conditions by the improvement of essential oils,
polyphenols and macro-elements synthesis in leaves, stems and roots of Meski, growing under various
bioclimatic zones of Tunisia (North, Centre and South). The mineral content was determined using
a flame photometer and the volatile components were analyzed by GC-FID and GC-MS. Meski cultivar
resists to severe climatic conditions, in maintaining its nitrogen content almost constant in leaf and
wood for all studied areas. Moreover, leaves showed richness in calcium and sodium than roots for
all areas. The GC-MS analysis of Meski leaves allowed the identification of fifty seven components.
The main constituents were (E)-β-damascenone, nepetalactone, geranic acid, (E)-β-damascone,
(E)-nerolidol, (E)-2-decenal whose levels varied significantly with climate conditions. In fact, to adapt
to the severity of climate, southern Meski leaves produced more essential oils and polyphenols than the
northern ones. Therefore, the increase of essential oils and polyphenols can be considered as a response
of the tree to surround aggressions and to oppose the oxidative stress that results from the severity
of climatic conditions, characteristic of the southern area.
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Introduction
In Tunisia, olive trees cover over 33% of the
agricultural area [1]. Their cultivation is of great socioeconomic importance, is spread from the North to the
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South in varying bioclimatic conditions. Olive trees are
well adapted to abiotic stress. The severity of climate
causes biochemical and nutritional changes in olive
trees, such as secondary metabolites and minerals.
The olive trees exchanges with the external
environment, besides the energy and the water, the
volatile organic compounds [2] and the nutritive
elements necessary for its process. The requirements
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in these elements vary according to the environmental
factors known as exogenous factors such as climate
and soil and also endogenous factors such as variety,
physiological stage, etc. The olive tree is endowed with
a powerful root system allowing to draws nutrients from
the soil which will be used to cover its needs for growth
and fruiting; it mobilizes each year a certain amount of
macro-nutrients (N, P and K) and oligo-elements (Ca,
Mg and S).
To adapt to climatic conditions, the olive tree
must satisfy its mineral needs. The mineral status
of the olive tree will reflect its state, and the level of
export of nutriments. Therefore, draught stress didn’t
affect similarly the uptake, transport, allocation
and physiological use efficiency of all minerals [3].
Indeed, the determination of the variations of nitrogen,
potassium, phosphorus, calcium and sodium contents
is indispensable to deduce its nutritional status and its
mode of adaptation. Also, the study of the effect of
water stress and climate change on the absorption of
nutrients and their distribution in the various organs of
the olive tree is required.
The secondary metabolites are derivatives of
pentose phosphate, shikimate and phenylpropanoids
pathways in plants. Their production and emission
are endowed with antioxidant and thermo-tolerance
properties and is therefore biochemically viable
and beneficial [4]. In fact, Polyphenols, which are
the biggest group of phytochemicals, have revealed
significant physiologic and morphologic value in plants.
These metabolites played an important role in growth,
proliferation, by providing protection against pathogens
and predators [5] and the plant response to climate
change, being important defense compounds against
oxidative stress [6]. Besides, the quantitative variation
of the essential oils will reflect the role played by the
volatile components in the adaptation to the climatic
severity, which is summarized by the elevation of
the temperature and the gradual restriction of the
precipitation [7, 8].
To adapt to the severity of the weather, the olive
tree Meski developed several strategies when water
availability is limited. Therefore, the aim of this work
was to evaluate the adaptation of the olive tree to the
climatic conditions by the investigation of the essential
oils, the polyphenols and the macro-elements synthesis
in leaves, stems and roots of Meski, located in three
bioclimatic areas.

Fig. 1. Monthly average of temperature and precipitations of
three Tunisian studied areas during the season 2012 (Tmax:
Maximal Temperature; Tmin: Minimal Temperature and HR:
Relative Humidity).

(South-lower arid), (33°30′N; 11°07′E). The study was
accomplished on samples collected from different
branches of twelve trees.
The average of temperature and the rainfall,
illustrated in Fig. 1, were collected from the
meteorological station of experimental field.

Experimental

Volatile Compounds Extraction

Plant Material

The fresh Meski leaves were collected from the
North, the Center and the South of Tunisia. Each
sample was cut into small pieces, weighted and
submitted to steam distillation using a rotary evaporator
for six hours. The recovered solution was extracted with
the hexane. After drying the extract over anhydrous
MgSO4, the solvent was removed and the oil samples

The leaves, the stems and the roots of the olive
tree Meski were collected at flowering from three
Tunisian coastal areas, Morneg (North-subhumid),
(36°40′51″North; 10°1725″Est); Chott Mariem (Centerhigher semi-arid), (35°56′08″N; 10°33′26″E) and Zarzis
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were stored in 4ºC until further analysis. Yield based
on fresh weight of the sample was calculated. Three
replications were adopted.

Compound Identification by Gas
Chromatography-Flame Ionization Detector
(GC-FID) and Gas Chromatography-Mass
Spectrometry (GC-MS) Analysis
The analysis of the volatile component was run on
a Hewlett-Packard GC-MS system (GC: 5890 series II;
MSD 5972) according to Saidana et al. [9]. The software
adopted to handle mass spectra and chromatogram was
a HP Chem-Station.
The components of the volatile fractions were
identified by comparing their mass spectra with those
of a computer library (Wiley 275 library). Further
confirmation was done by referring to retention indices
data generated from a series of aliphatic hydrocarbons
(C9–C28) [10, 11]. Percentages of the constituents were
calculated by electronic integration of FID peak areas
without the use of response factor correction. The
percentages of volatile compounds were means of three
experiments.

Fig. 2. Standard curve of Catechin.

variance (ANOVA) followed by Duncan multiple range
test was employed and the mean value was significant
at p<0.05. Principal Component Analysis (PCA) was
used to evaluate the relationships among the volatile
compounds and the minerals from the progeny.

Results and Discussion

Polyphenol Analysis

Impact of Climate Change on Volatiles

The extracts of samples were prepared by cold
maceration. In fact, 5 g of each dried sample was
weighed, covered with a filter paper and soaked in 50 ml
of distilled water than incubated on a shaker, at
ambient temperature, during three days. The samples,
of different organs of Meski, were extracted with
Rotary evaporator. Total phenols content in extracts
were spectrometrically analyzed at 725 nm, with FolinCiocalteu reagent, according to the method of Ryan
et al. [12]. The results were expressed in mg Catechin
equivalents by g of extract with reference to a standard
curve derived from a series of catechin solutions having
the following concentrations: 0.01; 0.02; 0.03; 0.04 and
0.05 mg. mL-1 (Fig. 2).

Volatiles Yield

Mineral Analysis
The leaves collected from various bioclimatic
ranges, were dried at temperature of 70°C and then
grounded. One gram of each sample was calcined.
The determination of potassium (K), phosphorus
(P), calcium (Ca) and sodium (Na) contents was realized
by flame photometer (Jenway, England) according
to Martin-Prével et al. [13]. In addition, the nitrogen
(N) level was determined in leaves, stems and roots
by Kjeldahl method according to Martin-Prével et al.
[13]. Three replications were applied for all samples.

Statistical Analysis
Statistical analysis was done by “SPSS 20”
statistical program package. The one-way analysis of

The volatiles yield, presented in the Fig. 3, showed
a significant difference between studied areas. The
highest volatiles yield was stored in Southern Meski
leaves (0.016%) but the lowest was checked in Northern
ones (0.0035%). In fact, an increase of 78.78% was
recorded for Meski leaves of the South compared to
those of the North. These results could be explained
by the dependence of the volatile compounds content
on different factors, such as the olive cultivar, climatic
conditions, plant mineral contents and geographic area
[14]. These compounds played an important regulatory
role within a plant response to environmental stress,
being an important defense compounds against
oxidative stress [15-18].
Chemical Composition of Volatiles
The GC-FID and GC-MS analysis of the volatile
fractions of fresh Meski leaves allowed identifying
fifty-seven compounds, and the constituent levels are
presented in Table 1. Under bioclimatic range, the main
volatiles in Meski leaves were: (E)-β-damascenone
ranging from 0.6 to 13.6%; 1-hexadecene ranging
from 1.1 to 16.0%; (E)-β-damascone ranging from
2.5 to 6.0% ; n-hexadecane ranging from 1.5 to 6.5%;
p-cymen-8-ol ranging from 1.2 to 2.9% and (E,E)-αfarnesene ranging from 1.3 to 2.4 %. Whereas, other
constituents such as 3-methyltridecane (12.5%); geranic
acid (11.6%); 4-methylpentadecane (6.2%); (Z)-jasmone
(5.2%); 3-methylpentadecane (4.2%); hexylbenzoate
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Table 1. Volatile composition of leaves of Meski growing in several bioclimatic ranges, the North, the Center and the South of Tunisia.
Compounds

Chemical formulas

l.r.i.

Northern leaves

Center leaves

Southern leaves

3-ethyl-1,5-octadiene

C10H18

942

2.6±0.15

0.8±0.02

Phenol

C6H6O

985

Octanal

C8H16O

1002

0.2±0.01

2-ethyl-1-hexanol

C8H18O

1031

1.1±0.05

0.6±0.01

1-octanol

C8H18O

1072

1.3±0.03

1.0±0.02

Linalool

C10H18O

1101

1.0±0.01

0.7±0.03

Nonanal

C9H18O

1102

2.4±0.05

2.7±0.05

phenylethyl alcohol

C8H10O

1110

1.6±0.02

0.4±0.00

4-ketoisophorone

C9H12O2

1144

0.3±0.00

p-cymen-8-ol

C10H14O

1185

1.5±0.01

α-terpineol

C10H18O

1191

1.0±0.04

n-dodecane

C12H26

1200

Decanal

C10H20O

1205

0.7±0.01

0.6±0.01

β-cyclocitral

C10H16O

1222

1.1±0.05

0.6±0.00

cis-carveol

C10H16O

1231

Geraniol

C10H18O

1256

1.2±0.10

(E)-2-decenal

C10H18O

1263

1.0±0.03

nonanoic acid

C9H18O2

1275

4.2±0.11

2,6,11-trimethyldodecane

C15H32

1277

dihydroedulan IA

C13H22O

1292

(E,Z)-2,4-decadienal

C10H16O

1294

Theaspirane I

C13H22O

1298

4-vinylguaiacol

C9H10O2

1313

theaspirane II

C13H22O

1315

δ-elemene

C15H24

1340

geranic acid

C10H16O2

1357

Eugenol

C10H12O2

1358

1.1±0.06

methyl 4-formylbenzoate

C9H8O3

1370

2.6±0.12

Nepetalactone

C10H14O2

1371

1.2±0.07

3-methyltridecane

C14H30

1373

(E)-β-damascenone

C13H18O

1382

9.7±0.13

10-acethylmethyl-3-carene

C13H20O

1389

6.4±0.05

1-tetradecene

C14H28

1392

0.4±0.07

(Z)-jasmone

C11H16O

1395

5.2±0.15

dihydro-γ-ionone

C13 H22 O

1396

2.9±0.11

n-tetradecane

C14H30

1400

1.3±0.11

3.8±0.12

(E)-β-damascone

C13H20O

1412

2.5±0.09

4.7±0.07

dihydro-α-ionone

C13 H22 O

1420

3.4±0.12

2.5±0.10

Nerylacetone

C13H22O

1436

2.0±0.01

1.0±0.07

1.1±0.05

1.2±0.05

2.9±0.05
1.1±0.12

1.1±0.03

2.0±0.11
2.4±0.21
1.3±0.05
1.7±0.07
0.3±0.00
2.1±0.07

1±0.05
0.6±0.00

2.8±0.07

2±0.11
1.1±0.03
11.6±0.2
3.3±0.11
10.6±0.17
7.7±0.12
12.5±0.08
13.6±0.25

7.7±0.1

8.5±0.03

6.0±0.05
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Table 1. Continued.
trans,cis-iridolactone

C10H16O2

1449

(E)-geranylacetone

C13H22O

1456

2.8±0.14

1.4±0.02

(E)-β-ionone

C13H20O

1487

4.9±0.01

2.5±0.12

C15H30

1492

n-pentadecane

C15H32

1500

(E,E)-α-farnesene

C15H24

1507

1.3±0.1

2.4±0.01

Liguloxide

C15H26O

1532

1.1±0.01

2.8±0.01

Dihydroactinidiolide

C11H16O2

1536

2.7±0.01

4-methylpentadecane

C16H34

1556

6.2±0.07

2-methylpentadecane

C16H34

1563

0.9±0.05

(E)-nerolidol

C15H26O

1564

11.1±0.1

(Z)-3-hexenyl benzoate

C13H16O2

1570

2.3±0.10

3-methylpentadecane

C16H34

1574

4.2±0.12

hexylbenzoate

C13H18O2

1580

2.5±0.11

caryophyllene oxide

C15H24O

1582

1-hexadecene

C16H32

1593

n-hexadecane

C16H34

3-hydroxy-β-damascone

C13H20O2

1-pentadecene

1.6 ±0.2
0.7±0.00
1.2±0.11
1.2±0.11
2.4±0.05

6.7±0.11

4.4±0.10

2.9±0.15

2.0±0.13

16.0±0.13

1.1±0.13

1600

4.6±0.3

6.5±0.10

1.5±0.01

1616

1.4±0.07

Total (%)

94.2

94.1

94.3

Monoterpene hydrocarbons

8.0

0.0

0.0

Oxygenated monoterpenes

5.9

3.2

24

Sesquiterpene hydrocarbons

1.3

3.50

3.5

Oxygenated sesquiterpenes

12.2

13.9

2.9

Phenylpropanoids

1.1

0.0

3.3

Apocarotenes

37.4

25.2

14.3

Non-terpene derivatives

28.3

48.5

46.3

Total identified (%)

94.2

94.1

94.3

The analysis of leaves extract was realized by CPG- FID and GC-MS of Meski, grown in various areas of Tunisia, Morneg from the
northern areas; Chott Mariem from the center of coastal areas and Zarzis from the southern areas.

(2.5%); dihydro-γ-ionone (2.9%) and Phenol (1.1%) were
detected only in Southern Meski leaves.
Meski cultivar improved the volatile compounds in
southern leaves such as p-cymen-8-ol, eugenol, (E, E)α-farnesene, nepetalactone, (E)-β-damascone, (E)-2decenal and nonanal. The increase of these compounds
with the severity of the climate could induce drought
stress tolerance in Meski olive trees. This result was in
accordance with those of Ben Abdeljelil et al. [16] who
found relatively a similar profile in leaf volatile fraction
of Chemlali cultivar sampled in April. Whereas, other
volatiles such as, geranic acid, 3-methyltridecane, (Z)jasmone and 4-methylpentadecane identified only
in southern leaves. This cultivar improved the level
of several metabolites and synthesized some novel

secondary compounds to acclimatize themselves to
adverse conditions in order to survive and to protect
against stress conditions [17]. These metabolites,
during drought, could prevent plants and induced stress
tolerance suggesting their high efficiency in scavenging
reactive oxygen species (ROS) [18] to minimize the
damaging effects of environmental stress, as high
light, temperature, draught, on crops cultivated in arid
regions [19, 20].
Among the oxygenated sesquiterpenes, nerolidol
(Table 1) represented the major compound from
northern and center Meski leaves which decreased with
the severity of the climate. Also, the result demonstrated
that the apocarotenes, especially (E)-β-damascenone;
dihydro-γ-ionone and (E)-β-damascone, presented in
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Fig. 3. Volatiles yield of Meski leaves growing in different
geographic areas. Letters change: the difference is significant;
same letter: the difference is not significant at 5%.

leaves at significant levels in different areas. Indeed,
the (E)-β-damascone has increased its amount in
southern leaves. It is also important to notify that in
the present study, the oxygenated monoterpenes
increased in the southern Meski leaves reaching 24%.
In fact, geranic acid and nepetalactone, the most
abundant, reached 11.60% and 7.7% respectively of
the total volatile fractions. Furthermore, Meski leaves
produced oxygenated monoterpenes compounds
four times more important in southern areas than in
the northern ones. The high concentration of these
metabolites, in harsh climatic conditions, might result
in a more resistant plant. Moreover, the increase could
be attributed to environmental stress which increased
the emission of green leaf volatiles in plants under
stress [21].
Under harsh climatic conditions, Bertamini et al. [8]
showed a strong increase in monoterpene emission upon
heat stress in grapevine. Indeed, monoterpenes has been
highlighted in the protection of plants against abiotic
stresses [22] induced by high temperatures, high light
intensity, oxidative stress by functioning as scavengers
of reactive oxygen species, membrane stabilizers, or as
regulators of stress responses [23, 24]. In Mediterranean
conditions, the emission of isoprene and monoterpenes
volatiles prevents the accumulation of toxic amounts of
H2O2 and membrane lipid peroxidation in plants [25].
Indeed, at high temperatures, chloroplast membranes
are re-modeled according to the stress perceived [26,
27].
Many recent studies believed that environmental
stress and climatic factors are main stressors that
influence plant physiology with stimulatory effect on
secondary metabolites in crops and plants [18]. The
higher production of most metabolites by the plants is
part of chemical defense response system associated
with increased resistance to stress. On the other
hand, Yang et al. [20] showed that temperature can
significantly influence the composition of secondary
metabolites, and in general raising temperature might
almost enhance all of secondary metabolites in plant
species.
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Fig. 4. Total polyphenols content in aqueous extracts of Meski
leaves grown in different geographic areas. Values are expressed
as means±standard deviation (n = 3). Means with different letters
were significantly different at the level of p<0.05.

Impact of Climatic Conditions
on Total Polyphenols
The analysis of aqueous extracts of Meski leaves
collected from various bioclimatic ranges was illustrated
in Fig. 4. The polyphenol content in Meski leaves varied
with the geographic area and the bioclimatic conditions.
Indeed, the results showed a significant increase
of these compounds from the North (0.54 mg eq
catechin.g-1 of extract) to the South (0.72 mg Eq
Catechin.g-1 of extract). Also, to be protected against
oxidative stress, procured by harsh weather conditions,
olive tree Meski improved phenolic compounds in
center and southern leaves proving their important
role in adaptation to severe climatic conditions. These
results were in accordance with other studies which
showed that the increase of polyphenols in harsh
climatic conditions are mechanisms of trees to survival
under high light and temperature [28] and drought
stress conditions by scavenging ROS and maintaining
cell membrane integrity [19] proving their powerful
antioxidant properties.
Polyphenols content in plants are positively
correlated to the temperature and growth-lighting
condition which protects plants from harmful UV
radiation acting as a protective filter [29, 30]. Also, these
phenolics constitute as a defense system against pests,
diseases and act as osmoprotectants, protecting cells
from dehydration and also relieved the detoxification
of stressed cells from detrimental levels of ROS to
improve membrane stability [19].

Impact of Climatic Conditions
on Macro-Elements
The adaptation of a cultivar to a novel environment
is strongly linked to the nutrient uptake capacity [31].
Olive tree is considered a species with a great capacity
to survive and produce in low fertility soils [32] and
under harsh climatic conditions [33]. In fact, drought
stress affects uptake, transport, and following allocation
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of minerals in the plant, causing an imbalance in plant
nutrition [3].
In this study our approach was to follow the
evolution of the mineral elements (N, P, K, Na and
Ca) of the olive tree Meski according to the climatic
change, as well as the distribution and the dynamics of
these elements in their various organs, leaves, wood and
roots.
Evaluation of Nitrogen Content
The analysis of N content in different organs of
Meski cultivar, collected from various bioclimatic
ranges, showed richness in nitrogen. Indeed, for all
studied areas, leaves exhibited the highest concentrations
of N compared to that of stems and roots. The nitrogen
concentrations ranged from 1.36% in leaves to 0.54% in
roots for all regions (Fig. 5). Morover, stems decreased
their nitrogen levels with the severity of climate from
the North to the South. Nitrogen content seemed to be
more important in southern Meski roots, reaching 0.84%
than the Northern ones of 0.54%. Comparing these
results with those of other studies, leaf nitrogen content
was lower than the threshold limits of sufficiency given
by Connell and Vossen [34] (1.4 to 2%); while, the roots
exceeded the threshold limit defined by Braham [35]
(0.48-0.47%).
Under severe climatic conditions, Meski cultivar
improved the uptake and the accumulation of nitrogen
in their roots which would be translocated to the leaves
to satisfy their needs. These results could be explained
by the high demand for nitrogen during the flowering
period [36, 37]. This study was in disagreement with
those of Bouhafa et al. [32]. These researchers showed
that during the crop cycle, Olive leaves have maintained
almost the same leaf nitrogen concentration indicating a
continuing olive need for nitrogen. Indeed, the critical
period for N availability is floral induction, and more
specifically, before flower bud differentiation which
was explained by many researchers. Nitrogen was
transported to flower and fruits, and thus lower leaf

Fig. 5. Nitrogen content changes (% of dry weight) in leaves,
stems and roots of Meski cultivar grown in different geographic
areas. Statistical differences are calculated by ANOVA followed
by Duncan‘s post-hoc test (P<0.05). Data are means of 3
replicates±standard deviation.
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N content was observed. Since, azote is essential for
regulating the plant response to environmental changes
and adaptation of photosynthesis to water stress [32-38].
Evaluation of Phosphorus Content
Phosphorus is an essential mineral nutrient for
growth. It plays an important role in the energy storage
and transfer in the cell metabolism [39, 40]. The
phosphorus percentage of different organs of Meski
orchard varied significantly with the bioclimatic range
(Fig. 6). Indeed, in northern Meski leaves (0.085%),
the percentage of P was around two times more
important than in the southern ones (0.032%). For all
organs, the phosphorus content has been decreased
in the southern areas when the climate is arid. For
Meski stems, phosphorus was dominant in the Center,
reaching 0.07%; reduction of 43.18% was noted in the
samples of the South comparatively to the Center. For
the roots, P content was dominant in the North and the
Center, reaching 0.032%; a reduction of 74.47% was
noted in the sample of the South comparatively to the
North (Fig. 6). We can deduce from these results, that
this mineral is strongly influenced by the severity of
the climate. Similarly Jin et al. [41] demonstrated that
phosphorus was highly affected by the severity of the
climate especially high temperature and dry climate.
However, water limitations caused reduction in uptake
of phosphorus and other minerals, due to lower mobility
in soils under stress conditions [40].
Evaluation of Potassium Content
Potassium is a key element in the fertilization of
olive orchards [42]. It is considered an enhancer of
drought resistance [43]. Results (Fig. 7) showed that,
for the same area, potassium content was higher in leaf
than other organs and was superior than the threshold
limit of sufficiency (0.8%), defined in the literature.
The potassium rate was more concentrated in leaves
and stems than in roots. Indeed, leaves (1.625%) and

Fig. 6. Phosphorus content changes (% of dry weight) in leaves,
stems and roots of Meski cultivar grown in different geographic
areas. Values are expressed as means standard deviation
(n = 3). Means with different letters were significantly different
at p<0.05 (Duncan test).
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Fig. 7. Changes in Potassium content (% of dry weight) of leaves,
stems and roots of Meski cultivar grown in different geographic
areas. Values are expressed as means±standard deviation (n = 3).
Means with different letters were significantly different at the
level of p<0.05.

stems (1.32%) collected from northern areas registered
the highest level of this element. But the lowest
concentration of K was noted in Center roots (0.62%).
Whereas, roots of Meski cultivar cultivated in southern
areas (0.88 %) increased their potassium content. This
result was in agreement with those of Cetinkaya et
al. [40] which showed a decrease of K accumulation
in leaves with the water constraint. While, Meski
cultivar improved the K content in roots with the
severity of climate to enhance drought tolerance. This
increase could be attributed to the role of Potassium in
the synthesis, transport and accumulation of various
metabolites [44], this element accumulated significantly
in olive tree to help the tolerance mechanism [45]. The
K was indeed known to be an activator for enzymes
related to photosynthesis and respiration. According
to Kafkafi [46] the accumulation of potassium under
stress is an insurance strategy of plant to tolerate abiotic
stress. Also, many studies demonstrated water is the
main factor determining the availability of mineral
nutrients such as K+ in the soil as well as absorption by
plants and translocation from the roots to the shoot [39].
Evaluation of Calcium Content
Calcium is a mineral necessary for the regulation
of many aspects of plant growth and development by
playing a major role in adaptive responses as secondary
messenger toward various environmental stimuli [47].
So, under environmental stress, the appreciation of
calcium signaling process is crucial for improving plant
productivity.
In this study, calcium analysis, in different organs of
Meski cultivar, (Fig. 7) showed a significant difference
between geographic areas for leaves, stems and roots.
In northern area, leaves showed the highest level of
calcium (1.76%) but the lowest ones were registered in
roots of the Center (0.14%). While, Meski roots from
southern areas (2.012%) accumulated more calcium
than the leaves (1.68%) and the stems (1.19 %) (Fig. 8).

Fig. 8. Changes of Calcium content in leaves, stems and roots
of Meski cultivar grown in different geographic areas. Values
are expressed as means±standard deviation (n = 3). Means
with different letters were significantly different at the level
of p<0.05.

This cultivar increased the level of calcium in its roots,
comparatively to the other organs, especially in the
southern areas. Indeed, under severe conditions, Meski
cultivar increased four times calcium level in its roots
to maintain the availability of a sufficient amount of Ca
for absorption by the plant [47].
It may be assumed that maintaining higher
translocation of Ca2+ is an important strategy to improve
plant tolerance to drought [48, 47]. This excessive
absorption of calcium will hinder the absorption of other
antagonistic mineral elements, such as magnesium,
phosphorus and potassium. The level of these elements
in leaves was affected by environmental stress which
can be the result of their lower uptake and translocation
under drought condition [48].
Meski trees increase the Ca level to improve
photosynthetic rate and drought resistance [49]. Also, the
study of Hosseini et al. [48] proved that under drought
stress, foliar application of Ca2+ increases the level of
soluble sugars in leaves and Beetroots and increased the
level of chlorophyll. The high accumulation of calcium
in southern organs may be considered as an “insurance
strategy” to enable the plant to better survive in sudden
environmental stress [46] and to protect olive tree
against Na toxicity [50].
Evaluation of Sodium Content
Sodium levels in different organs demonstrated
dynamic geographic patterns (Fig. 9). In fact, leaves
showed an increase of Na content from the North to
the South which the highest level was recorded in the
Center (0.53%). Meski leaves accumulated more sodium
than the roots for different geographic areas. However,
roots increased Na rate in the South about 35%. This
result suggested that the severity of climate favored
Na accumulation in roots. Meski cultivar improved Na
level in leaves and shoots in the Center; but enhanced it
especially in its roots in southern areas, to maintained
tolerance to drought stress. In fact, under insufficient
level of K and to enhance tolerance to water limitation
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trees maintained the percentage of N, K and Ca in
their leaves and improved their levels in southern roots.
Meski trees increase the level of K and Ca to enhance
photosynthetic rate, plant growth, yield and drought
resistance under water stress conditions [49].

Principal Component Analysis (PCA)

Fig. 9. Changes of Sodium content in leaves, stems and roots
of Meski cultivar grown in different geographic areas. Values
are expressed as means standard deviation (n = 3). Means with
different letters were significantly different at p<0.05 (Duncan
test).

and harsh climate conditions, olive will utilize Na as an
osmo-regulant in vacuoles [43].
The Na is indispensable element who has a role
in response to drought stress [48]. In fact, under
insufficient K, the high accumulation of sodium in
plants can better regulate cell osmotic pressure and
enhance drought resistance [51] by the improvement of
stomata regulation [44].
Mineral analysis of all organs of Meski, growing
in the North, the Center and the South of Tunisia,
showed an important variation in macro-element
content and allocation, but their highest levels are in
leaves. To surround the severity of climate, Meski

The correlation between volatile compounds,
polyphenols and minerals analyzed by PCA was
illustrated in Fig. 10. For Meski leaves, collected from
different bioclimatic ranges, the multivariate data
processing for macro-elements and volatile compounds
allowing for a large group of diverse data samples was
explained in 54.76% and 41.12% as the first and second
principal components. Two factor, axe 1 and axe 2,
were extracted describing approximately 98.71% of
the common variance. This illustrates that there are
significant differences between northern, center and
southern leaves on the level of minerals, polyphenols
and volatile compounds composition.
The PCA and Pearson’s correlation (r) analysis
showed a positive and significant correlation
between polyphenols content and Ca (r = 0.47) and Na
(r = 0.33) levels respectively. Also, the result showed
a positive and significant correlation between the volatile
compounds content, such as cymen-8-ol, eugenol,
neptalactone, geranic acid, dihydro-γ-ionone, (E)-βdamascone, and the bioclimatic ranges, N, Ca, and Na
levels. Moreover, these compounds in southern leaves
were selected positively according to axis 2, suggesting
that these elements increased with the weather stress.

Fig. 10. Principal Component Analysis of volatiles, polyphenols, and minerals content in Meski leaves collected from the different bioclimatic range: lower sub-humid (North), higher semi-arid (Center) and, lower arid (South) of Tunisia. Factors 1 and 2 explain 95.88 %
of the data variation.
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While, in northern areas, α-terpineol, linalool, geraniol
were positively correlated with the axis 1 signifying
that these compounds were more important in favorable
climatic conditions and decreased with the severity of
climate.
The changes in phytochemicals (volatiles and
polyphenols) contents might be affected by changes in
the mineral element uptake. Meski cultivar increased
volatiles and polyphenols rate and maintained the
percentage of N and Ca in their leaves and increased the
level of these elements in Southern areas to enhance the
photosynthetic rate and plant growth and improve the
tolerance to drought stress. The improvement of volatile
compounds, polyphenols in southern leaves and mineral
changes seem to be efficient indicators of the adaptation
of the olive tree Meski to several environmental stress
conditions.
Many phytochemicals are known firstly for their
powerful antioxidant capacity to cope thermal, drought
and oxidative stress, secondly for their antifungal
activity against pathogenic fungi for several species [1825, 52, 53]. In this context, Saidana et al. [53] suggested
that volatiles might be an eventual source of alternative
antimicrobial and antioxidant agents interesting for
potential use in the biological control. These results
encourage us to promote them in the agronomic sector.
Their improvements protect plants from pathogenic
species which could minimize the utilization of
chemical pesticides that harm the environment.

Conclusions
This research showed that climate change has a
notable effect on volatiles, phenolic compounds and
minerals in different organs of Meski. This cultivar
maintained its mineral statute in equilibrium, by way
of the preservation of nitrogen and calcium rates in
their leaves and increased their levels in roots. Also,
to adapt to these conditions many volatiles are newly
detected in the leaves and/or in the roots of Meski
cultivar. Such compounds could be considered as new
indicators of adaptation to stress. The polyphenols
analysis of Meski leaves, collected from the North, the
Center and the South, revealed significant contents.
Indeed, to surround the severity of climate, the olive
tree synthesized more polyphenols in southern leaves,
which enjoy an important antioxidant activity. Indeed,
these compounds play a major role in the adaptation of
plants to their environment. Phenolic compounds were
positively correlated with sodium, nitrogen and calcium
contents. Management of these macronutrients can
therefore be used to control volatile levels and improve
plant adaptation to environmental stress. Treatment
with volatiles and plant extract could be a solution
to improve the adaptive capacity of the olive tree, to
surround the effect of biotic and abiotic stress, and to
prevent the environment against the toxicity of chemical
pesticides.
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