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Abstract: The objective of this work is to determine the morpho-biochemical behavior of olive (2 years old) plants
stemming from herbaceous cuttings and grafted on an oleaster, with two varieties of Spanish origin (Manzanilla and Arbiquina)
and two varieties of Algerian origin (Sigoise and Chemlal) under the effect of irrigation with salin water at 100 mM-l-1 NaCl.
The experimentation takes place in the Faculty of Science of Nature and Life - Tiaret Ibn Khaldoun - University - Algeria,
under a semi-automatic greenhouse and under well controlled conditions. The control plants are irrigated with a nutrient
solution, while the plant stress received nutrient solution enriched by sodium chlorure in four repetitions 100 mM / l NaCl. The
analysis focused on the measurement of leaf area, soluble sugar and proline content. According to the results obtained, the leaf
area of the treated plants slightly decreased compared to that of the control plants. However, the 20 weeks of brackish
irrigation resulted in proline and sugars accumulation in the stressed genotype compared to the control genotype. In addition,
this accumulation is very important for the leaves of plants local origin (Algerian) compared to introduced plants (Spanish) and
in the leaves of plants grafted on oleaster compared to plants from herbaceous cuttings.
Keywords: Olive Trees, Herbaceous Cuttings, Grafted, Salt Stress, Proline, Sugars and Leaf Area

1. Introduction
The olive tree "Olea europaea L. ssp europaea" is a symbolic
and distribute tree in the Mediterranean flora for thousands of
years in the wild (sylvestris var.) or cultivated (europaea variety).
It is renowned for its great hardiness, allowing it to develope and
grow under conditions of sub-climate and sometimes very poor
soil. It perfectly supports drought [1].
Indeed, the development of olive growing in the
Mediterranean and Algeria has been the subject of a vast
development program focusing on quantity and quality.
However, sanility of soil and irrigation water compromises
the cultivation of olive trees in some areas [2, 3]. This sanility is
mainly anthropogenic (excessive use of chemical inputs and
repeated irrigation with brackish water without dryning) [4, 5]. It
is to be noted that in the ecosystem, marked by severe and
frequent droughts, salinization of soils is one of the main factors
limiting the development of plants. About 15 million hectares of

agricultural land are subject to increasing sanility [6]. The aim of
this work is to determine the effect of salinity on the
morphological and biochemical behavior of the leaves of four
genotypes of olives. They are obtained from herbaceous cuttings
and grafted on the oyster, including two genotypes of Algerian
origin (Chemlal and Sigoise) and two Spanish origins.
(Manzanilla and Arbiquina). They are irrigated with brackish
water at 100 mM NaCl. The study parameters are the
measurement of the height of the leaves, the quantification of
proline and the soluble sugars of the four genotypes.

2. Material and Methods
The experiment is carried out at Ibn-Khaldoun University
in Tiaret, Algeria, under a greenhouse in a controlled
environment with a daytime temperature of 18ºC and a
nighttime temperature of 10ºC, a relative humidity of 70%
and a photoperiod of 10-12 h; on 2-year-old olive trees
placed in pots of 40 centimeters in diameter and 50
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centimeters in length containing a substrate (consisting of
four volumes of sand, one (1) volume of soil and one volume
of organic matter or manure). The study is conducted in
blocks with four repetitions.
The experimentation is carried out on two genotypes
stemming from herbaceous cuttings and grafted on the local
oleaster (Sigoise and Chemlal) (Algeria) and two others of
Spanish origin (Manzanilla and Arbiquina).
After 90 days of adapt each seedling received a
standardized and balanced nutrient solution such as [7]. The
treated plants were sprayed with the nutrient solution and
twice a week with 300 ml of 100 mM NaCl solution. Control
plants received only the nutrient solution. Analyzes and
measurements were performed after 20 weeks of salt stress.
2.1. Leaf Area
The surface of excised leaves (SF) is measured using a
LICOR-3000A electronic planimeter. This last takes the
length and width of the sheet. The area is then calculated
with the following formula [8]:
L.A (cm2) = L (cm) x ℓ (cm) x k; [k = 0,72].
L: Length
ℓ: width

2.4. Statistical Analysis
The results of the experiment are processed with Statistical
Software (Stat32.exe, Version 8.0). They are subject to a
three-way analysis of variance. The values of the link
between the study parameters are recorded in a correlation
matrix.
The arithmetic mean of the twelve repetitions is calculated
with a 5% confidence interval.

3. Results
The leaf area: Our statistical results are significant
(Table.1) for the effect of the origin and the effect of the salt
on the leaf surface and not important for the effect of the type
of plant (threshold of the bit error rate of 5%). Indeed, it
shows that after twenty weeks of treatment with 100 mM.l-1
NaCl, most of the genotypes studied did not show marqued
decrease in leaf area. The reduction in leaf area of all the
plants tested ranged from 0.94 to 1.14 cm2 compared with
the control (Figure 1a).

2.2. Determination of the Soluble Sugars
The dosage of the soluble sugars is carried out according
to the method of [9] used by [10].
2.3. Determination of Proline Content
The proline assay is performed according to the method of
[11] and improved by Lahrer and Magnecité by [12].

Figure 1. Leaf area (cm2) of the studied olive plants SC: stressed cuttings,
CC: Cutting Control, SG: Stressed Graft, GC: Grafted Control).

Figure 2. Comparison of the average, minimum and maximum values of the leaf area under the effect of salt according to the origin (a) and the type of plant
(b).
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Table 1. Analysis of the variance of leaf area, sugar content and proline content of stressed and unstressed olive trees.
Origin effect (F1)

Plant effect (F2)

Stress effect (F3) F1*F2

F2*F3

F1*F3

F1*F2*F3

Leaf area

0,000

0,000

0,43

0,000

0,99

0,70

0,023

Sugar content

0,000

0,68

0,000

0,000

0,047

0,000

0,000

Proline content

0,001

0,425

0,000

0,218

0,047

0,000

0,001

However, the comparison of the mean, minimum and
maximum values shows that the genotypes of Algerian origin
have higher values (average = 5.98 cm2, minimum = 1.68
cm2 and maximum = 10.36 cm2) than those of Spanish origin
(average = 4.44 cm2, minimum = 1.20 cm2 and maximum =
8.10 cm2). (Figure 2a).
Plants derived from cuttings have the average value of the
plants grafted on oleaster. The minimum value is 4.44 cm2
for grafted plants and 4.78 cm2 for cuttings; the maximum is
8.10 cm2 for grafted plants and 10.36 cm2 for plants from
cuttings. (Figure 2b).
Soluble sugar content
The analysis of the variance of this parameter (Table 1)
clearly reveals that the soluble sugar content of all genotypes
studied is highly dependent on origin (p = 0.000), stress (p =
0.000) as well as for all interactions (p = 0.000) except by the
type of plant (p = 0.68) and the "type of plant / treatment"
interaction (threshold of the bit error rate of 5%).
After 20 weeks of stress, all the plants reacted in the same
way by accumulating large quantities of soluble sugars
(figure 3) which are sometimes twice the quantity contained
in the leaves of control plants.

In fact, in the presence of salt, the same average value of
53 mg / g of FM in cuttings and grafted on oleaster against
values of 9 mg / g FM in the cuttings control is observed, and
9 mg / g FM in transplant recipients (Figure 4a). In addition,
there were also increases in the soluble sugar content of 60
mg / g of FM in local varieties and 45 mg / g of FM in
varieties introduced (Figure 4b).

Figure 3. Sugar contents of the studied olive plants SC: stressed cuttings,
CC: Cutting Control, SG: Stressed Graft, GC: Grafted Control).

Figure 4. Comparison of the average, minimum and maximum values of the sugar content under the effect of salt (a). According to the origin (b) and the type
of plant (c).

Proline content
The accumulation of salt in the substrate has led to an
increase in the proline content in the leaves (Figure 5)
The analysis of the results obtained of the proline content

after the 20 weeks of stress (Table 1) shows that it depends
on the variety (p = 0.013), interactions "type of plant /
treatment" (p = 0.047), "variety / treatment" (p = 0.007) and
strongly dependent on the "variety / plant type / treatment"
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interaction with p = 0%.
As regards the proline content, the local and Spanish
varieties
Respectively record the following values:
For local varieties, an average value of 21 µg / g of FM, a
minimum of 12 µg / g of FM and a maximum of 101 µg / g
of FM. For those of Spanish origin, an average value of 25
µg / g of MF, a minimum of 14 µg / g of F.M and a maximum
of 44 µg / g of MF. (Figure 6a).

Figure 5. Proline contents of the studied olive plants (SC: stressed cuttings,
CC: Cutting Control, SG: Stressed Graft, GC: Grafted Control).

Figure 6. Comparison of the average, minimum and maximum values of the proline content under the effect of salt. (a). According to the origin (b) and the
type of plant.

In fact, in the presence of salt, the leaves have an average
proline content of 12 µg / g FM for cuttings and 24 µg / g FM
for grafted plants, in addition to a minimum of 22 µg / g of
FM. in cuttings and a maximum of 101 µg / g of FM against
24 µg / g of minimum MF and 56 µg / g of MF in oleatral
plants (Figure 6b).

4. Discussion

of Algerian and Spanish origin with salt water at 100 mM.lNaCl, about 6 g / l of soluble salts for 20 weeks. This
allowed us to determined some characteristics of the
morpho-biochemical behavior of this species under salt
stress.
Morphological behavior, expressed as a leaf area, was
not very sensitive to the applied treatment (r = -0.086). In
fact, the decreased in leaf area was between 1 cm2 and 1.5
cm2.
1

Our study focuses on the irrigation of young olive plants
Table 2. Correlation affect between salinity and the leaf morpho-biochemical parameters.
Variable
Origin
Type of plant
Salinity
Leaf area
Sugar content
Proline content

Origin
1.000
0.000
0.000
-0.384*
0.312*
0.211*

Type of plant

Salinity

Leaf area

Sugar content

Proline content

1.000
0.000
0.015
0.211*
0.611**

1.000
-0.086
+0.752***
+0.331*

1.000
0.368*
0.265*
0.008

1.000
0.032
0.012

0.456*

***p<0.001, **p<0.01, *p<0.05 and p>0.05insignificant.
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This parameter is one of the criteria for evaluating abiotic
stress tolerance. The immediate response to salt stress results
in reduced leaf area [13] and reduced vegetative growth,
expressed as reduced leaf area. Leaf surface is usually the
first reaction of glycophytes exposed to salt stress [14].
The decreased in leaf area was considered as a form of
adaptation to salt stress, reducing water loss through
transpiration and the accumulation of soluble sugars and
proline act in the case of olive to better to preserve the
photosynthetic potentialities [15].
Indeed, the decrease of the leaf area is presented as a
strategy developed by the olive tree, to mitigate the limitation
of the availability of water under the conditions of salt stress,
these results confirm those of [16].
The shortage in the leaf growth rate after an increase in
salinity is mainly due to the osmotic effect of salt around the
roots. These effects cause water loss from leaf cells, but this
loss of volume and turgidity does not last long due to the
osmotic adjustment mechanism, despite this, the elongation
rate of the cell is reduced.
The olive plants adjust their transpiration through
reductions in leaf area, with significant genetic variability of
these reductions. Leaf area is an important determinant of
transpiration. One of the first reactions of plants to the water
deficit caused by salinity is to reduce the leaf area through
different mechanisms. There is significant genetic variability
in the degree of growth response during stress [17, 18].
The varieties of local origin and those grafted on oysters
show higher average values than the varieties of origin
introduced and those resulting from the cutting. This was
confirmed by the analysis results of the correlation matrix
between the variety and the leaf area (p = -0.384, see table
02).
After 20 weeks of brackish irrigation at 100 mM NaCl, the
accumulation of sugars is very important in all stressed
genotypes compared to control plants. However, the
accumulation of this osmolyte is very important in the leaves
of the Algerian genotypes (Sigoise and Chemlal) compared
to those of Spanish origin (Arbiquina and Manzanilla).
Indeed, there is a positive and highly significant correlation
(Table 2) (r = +0.752 ***) between
The considerable increase in sugar levels has been known
for a long time, as a phenomenon of resistance in plants
subjected to different types of stress, which has been verified
in adult eucalyptus trees under different water stress by [19;
20] in celery under salt stress and in the argan tree by [21].
Several physiological studies have shown that the
accumulation of sugars and polyols, mainly following
hydrolysis of starch], was stimulated by salt stress in
different plant species [22-28].
Regarding the proline osmolyte, although its accumulation
is not as important as the sugars; the results obtained reveal
an increase in its content in the leaves of stressed genotypes
compared to control plants.
In addition, the accumulation of proline is greater in the
leaves of local varieties (Sigoise and Chemlal) and grafted on
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oleaster than in the leaves of the introduced varieties
(Arbiquina and Manzanilla) and plants derived from cuttings.
In saline environments, plants adjust their cellular content
osmotically by synthesizing amino acids such as proline [29].
proline accumulation is one of the adaptation strategies
triggered by the plant in the face of environmental constraints
[30].
Under stress, proline plays several functions: osmotic
adjustment [31], osmoprotective, [32, 33], antioxidant [34,
35], regulator of cytosolic acidity [36], carbon and nitrogen
reserve after the disappearance of stress [37], stress marker
[38] and adaptability [39].
The proline concentration is higher in the tolerant
genotypes than in the salt stress sensitive genotypes [40-42].
In fact, our results show that genotypes of Algerian origin
have average values of proline osmolyte accumulation higher
than genotypes of Spanish origin, and that plants transplanted
on oleaster also record higher values than seedlings from
cuttings. The accumulation of proline is associated with a
better stress tolerance, which allowed us to deduce that local
plants behave towards salinity and that the same principle is
observed for plants grafted on oleaster compared to plants in
cuttings [43].

5. Conclusion
The morpho-biochemical parameters of the leaf, retained
in this study, demonstrate that they are closely involved in
salt stress resistance. However, the diversity of salt effects
on plants offers a wide range of morphological,
physiological, biochemical, anatomical and nutritional
criteria that can be used as a basis for large scale rapid
selection tests. The immediate response to salt stress is a
reduction in leaf area and a reduction in vegetative growth,
expressed as reduced leaf area. The surface of the leaves is
usually the first reaction of glycophytes exposed to salt
stress.
The application of salt water at a concentration of
100mM-l-1 NaCl; for 20 weeks resulted in a reduction in
leaf area, but relatively less compared to other plants
subjected to the same salt stress. This characteristic can be
attributed to the osmotic adjustment induced by the
accumulation of osmolytes (sugars and proline) in the
leaves of stressed plants.
In fact, in the Mediterranean regions, physiological
drought (due to excessive salinity) is often chronic, leading
to a decrease in photosynthesis. Then our results showed
that all the varieties studied under the effect of the salinity
accumulated sugars and proline compared to those of the
normal conditions, which reduces the loss of water by the
leaves. This may explain the resistance of the olive tree in
general and especially the genotypes studied, which have
retained their leaves for the duration of 20 weeks of
brackish water irrigation.
The results obtained in this study allow us to deduce that
the olive tree is a salinity-resistant plant, characteristic of
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arid and semi-arid zones and that it thus constitutes a
promising alternative to improve the productivity of
marginalized lands.

[16] Steduto P., Albrizio R., Giorio P. and Sorrentino G., 2000. Gas
exchange response and stomatal and non-stomatal limitations
to carbon assimilation of sunflower under salinity 144 (3) 243255.
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