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Abstract— The increasing salinity of water and soil is one of the environmental factors that most threatens
the sustainability of olive cultivation systems in the Mediterranean basin. The identification of plant
material with high tolerance to this stress would be one of the ways to solve this challenge, but it is
generally a slow and expensive process. The selection of the most reliably parameters involved in the
response of the plant to salinity and that are easy to evaluate, could help to speed up the identification of
the most tolerant genotypes. The objective of this study is to determine the most interesting morphological
characters which could be used in future as early criteria in the selection process of olive tolerant
genotypes. For that, young plants, three-month-old, were exposed to salinity (0, 4 and 8 g/L NaCl) during
different periods of time (30, 50 and 70 days), and several morphological parameters were assessed. The
obtained results showed that most of the parameters were affected by the concentration 8 g/L of NaCl after
a treatment period of 50 days. The most affected parameters by this level of salinity were the plant height,
the leaf number and the number of lateral shoots. The PCA analysis showed that the number of lateral
shoots was poorly correlated with the other parameters, but the height and the leaf number were highly

correlated with each other.
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I.  INTRODUCTION

The olive tree, producing the famous olive oil known for
its very beneficial chemical properties to human health, is
one of the oldest crops in the Mediterranean region
(Maazoun et al., 2021). The importance of the olive tree in
this region is not only economic, but also social and
environmental, due to its great ability to adapt to the semi-
arid and arid climate and its ability to use efficiently the
few available resources (Hammami and Ben Mimoun,
2015).

Since one of the most limited resources in the area of olive
cultivation is water (Milano et al., 2013), several studies
proposed the use of brackish water to maintain this crop
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and improve its productivity (Melgar et al., 2009,
Chartzoulakis and Bertaki, 2015). The olive tree is known
for its moderate tolerance to salinity, but it presents a great
varietal diversity that could serve as a reserve for the
selection of tolerant genotypes among the existing
varieties or through genetic improvement. The selection of
tolerant varieties is a laborious, long and expensive
process due to the difficulties related to the evaluation of
many parameters in a large number of plants (Hammami et
al., 2011).

One of the solutions proposed to solve this impediment is
to determine the parameters that are the best indicator of
sensitivity to saline stress (that is, the first and the most
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ones that are affected by this stress) (Bernstein et al., 2001,
Soltabayeva, 2021). The number of parameters to be
evaluated can also be reduced, limiting the use of those
that are not correlated with each other (Hammami et al.,
2012). However, there is little information on the time
sensitivity of morphological parameters affected in the
olive tree upon salt stress. On the other hand, the level and
speed of the response of the olive tree to salinity also
depends on the dose of salt in the water and the duration of
exposure to this stress (Goreta et al., 2007; Melgar et al.,
2009). Indeed, it is also important to determine the dose to
use on young olive trees to observe a rapid response
without causing irreversible damage to the plants.

The objective of the present work is to identify the most
relevant morphological parameters which could be used in
future as an early marker in the a selection process for salt
tolerance.

Il. MATERIAL AND METHODS
2.1. Plant material and experiment design

The trial was conducted on a pool of young olive plants
(three-month-old) of different cultivars, which have a very
similar initial height. These plants were re-potted in
polyethylene pots with a volume of 5 liters containing a
mixture of silty-clay soil and peat (2:1, v/v). They were
grown in a greenhouse and irrigated at full capacity once
or twice a week for 70 days. For the design of the
experiment, a randomized complete block with twenty
replicates and three blocks (sixty plants per treatment) was
installed. The plants were irrigated with three
concentrations of salt water: 0, 4 and 8 g/L NaCl, as a salt
treatment.

2.2. Morphological parameters assessment

In order to study the impact of irrigation with brackish
water at different concentrations, on the growth of young
olive plants, several morphological parameters were
assessed: plant height, node number of the main stem,
length of the internodes (ratio of plant height/node
number), diameter of the main stem (measured at 5 cm
from the ground), number of leaves and number of lateral
shoots. These measurements were recorded at 30, 50 and
70 days after irrigation with different salt water
concentrations.

2.3. Statistical analysis

Analysis of variance and the Tukey’s test at P< 0.01 were
used to assess differences between treatments. The main
component analysis was performed to assess the
relationships between morphological parameters. All
statistical analyzes were performed using Statistix 8.0 and
the Unscrambler v 9.7.
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I1.  RESULTS

Results showed that most of the vegetative parameters
were affected by the concentration of 8g/L NaCl, and at
very lesser degree by 4g/L NaCl upon 50 days of
treatment. Toxicity symptoms were also observed in most
of the plants irrigated with the highest dose of salt.
However, no death of treated plants has been recorded.
These results indicated that the use of 8g/L seems to be
efficient to cause saline stress without causing irreversible
damage to young olive plants, when applied for 50 to 70
days.

The height of the plant has been used in different works as
an efficient criterion of selection for earliness of
production and drought tolerance in improvement
programs (Gashaw et al., 2007; Hammami et al., 2021).
The evaluation of these parameters in young olive plants
exposed to various levels of water salinity during different
periods showed that the first differences between the
control and the treated plants were observed 50 days after
the beginning of the trial (Fig. 1). At this period, the high
salinity level (8g/L NaCl) significantly reduced plant
height, by approximately 23%, while the moderate salinity
level had no significant effect. Upon three weeks later, the
differences became clearer and more significant for the
two salinity treatments, but at different levels. Indeed,
compared to control, plant height decreased with 15% by
4g/L NaCl and with 32% by 8g/L NaCl (Fig. 1). The
negative effect of irrigation water salinity on plant height
has been observed in other plant species (Heuer and
Nadler, 1995; Dolatabadian et al., 2011). These results
indicated that plant height is sensitive to stress and could
serve as a criterion for evaluating the impact of this factor.
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Fig. 1: Plant height for different water salinity
concentrations and recorded during different dates after
the beginning of the treatments. Different letters indicate
significant difference among salt treatments (0, 4 and 8

g/L NaCl) for the same period at P<0.01.
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The stem diameter represents the secondary growth in
plants (Niklas, 1993). In different studies carried out on
olive trees and other species, it has been shown that the
diameter of the trunk or the main axis was generally
sensitive to abiotic stress (Moriana and Fereres, 2002;
Kant et al., 2002; Ohashi et al., 2006;). The obtained
results showed a negative effect of water salinity on this
parameter only with the high concentration of 8g/L of
NaCl and at the end of the experiment (i.e., at 70 days)
(Fig. 2). Despite this result, the stem diameter seemed to
be less sensitive to salt stress than primary growth
represented by plant height.
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Fig. 2: Stem diameter for different water salinity
concentrations and recorded during different dates after
the beginning of the treatments. Different letters indicate
significant difference among salt treatments (0, 4 and 8

g/L NaCl) for the same period at P<0.01.

The number of main axis nodes showed a relatively similar
behavior to that observed for the diameter of the stem.
After one month of irrigation, the number of nodes formed
was very similar among all the treatments. In the two
following evaluation periods, 50 and 70 days, only the
8g/L NaCl concentration was able to significantly reduce
the number of nodes with approximately 24% (Fig. 3). The
negative impact of salt stress on the number of nodes has
been also shown in other olive cultivars (Perica et al.,
2003).

The elongation of the internodes is considered an
energetically costly process for the plant (Anandan et al.,
2012). In different species, even in olive trees, it has been
seen that this parameter was sensitive to salt stress (Wang
et al., 1997; Khorasaninejad et al., 2010; Kchaou et al.,
2010; Alizadeh et al., 2011). Our observations indicated a
relatively low sensitivity of this parameter to salt stress
compared to the other vegetative parameters. In fact, a
negative effect of salinity on the length of the internode
was only seen at the end of the test with a concentration of
8g/L of NaCl and with a small reduction of 12% (Fig. 4).
These results confirm that this parameter could not be
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considered as a useful early selection criteria, since it is
difficult to be measured and have a low sensitivity.
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Fig. 3: Node number of main stem for different water
salinity concentrations and recorded during different dates
after the beginning of the treatment. Different letters
indicate significant difference among salt treatments (0, 4
and 8 g/L NaCl) for the same period at P<0.01.
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Fig. 4: Internode length of main stem for different water
salinity concentrations and recorded during different dates
after the beginning of the treatment. Different letters
indicate significant difference among salt treatments (0, 4
and 8 g/L NaCl) for the same period at P<0.01.

One month of irrigation with saline water of 8g/L NaCl
has decreased the number of leaves significantly by
approximately 15%, compared to the control. This
decrease has worsened over time to reach 36% at the end
of the trial (Fig. 5). The negative impact of salinity on the
number of leaves can be caused by growth inhibition but
also by leaf drop (Chartzoulakis et al., 2002).

Like the number of leaves, the number of lateral shoots
was affected only one month after watering the plants with
8¢ of NaCl, and it worsened with time. The reduction was
the most notable of all the parameters, reaching 55%
compared to the control (Fig. 6). This parameter appears to
be the most sensitive to salinity. Branching is closely
related to the physiological state of the axillary buds
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(Leyser, 2009). It is likely that salt stress negatively affects
this state and consequently its ability to sprout.
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Fig. 5: Number of leaves of main stem for different water
salinity concentrations and recorded during different dates
after the beginning of the treatment. Different letters
indicate significant difference among salt treatments (0, 4
and 8 g/L NaCl) for the same period at P<0.01.

N
wv

N

Nacl
b O0g NaC

4g NaCl
W 8g NaCl

=

ab

Number of lateral shoots
[
(%]
o

b

. [

30 Days 50 Days 70 Days

o
&)

Fig. 6: Number of lateral shoots for different water salinity
concentrations and recorded during different dates after
the beginning of the treatment. Different letters indicate
significant difference among salt treatments (0, 4 and 8

g/L NacCl) for the same period at P<0.01.

The PCA analysis of the correlations showed three groups
of parameters highly correlated with each other. The first
group is composed of the height, number of nodes and
leaves, the second contains the length of the internodes and
the diameter of the axis, while the number of lateral shoots
is separated from them in group three (Fig. 7). Based on
this analysis, we can recommend keeping the evaluation of
the height by the first group and the diameter of the stem
in the second group, because they are the easiest
parameters to measure, in addition to keeping the number
of lateral shoots. The high correlation observed between
height and the other growth parameters has also been
observed in olive seedlings previously (Hammami et al.,
2011).
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Fig. 7: Principal analysis of component for the evaluated
growth parameters of young olive plants growing under
different salt stress conditions (0, 4 and 8 g/L NaCl).

IV. CONCLUSION

In conclusion, the plant height, the number of leaves and
of lateral shoots were the most sensitive parameters to
salinity. Based on the PCA analysis, we can discard the
number of leaves that is highly correlated with the plant
height, and kept only the plant height parameter, the easy
one to determine, as a marker of selection. Consequently,
we can propose the plant height and the number of lateral
shoots as criteria for evaluating the sensitivity of young
olive plants to salinity and use the dose of 8g/l NaCl for a
period of 50 days. However, comparing them with more
parameters and in other plant ages and crop conditions
would be necessary to check and confirm the efficiency of
these parameters.

ACKNOWLEDGEMENTS

We sincerely thank the technical teams of the Fruit Trees
and Forage Crops Laboratories of INAT and the
Extremophile Plants Laboratory of CBCC, for their
assistance. This work was supported by the European
Union (EU) grant funding, Project CLUSTER
transfrontalier & SERVice du réseautage et qualification
des filieres AGRIcoles en oléiculture (CLUSTER
SERVAGRI, REF: IS 1.1 034) IEV-CT ltalie-Tunisie
2014/2020 and partially by the [INAT-Mabrouka
agreement.

REFERENCES

[1] Maazoun, A. Aounallah, KM., Damergi, C., & Hammami,
S., (2021). Virgin Olive QOil, A Rich Source of Functional
Bioactive Compounds in the Promotion of Human Health:
An Overview. European Journal of Nutrition & Food Safety,
60-88.

Page | 16


http://www.aipublications.com/

Hamza et al.

[2] Hammami, S., & Mimoun, M. B. (2015). New challenges in
olive orchard management. SUSTAINABLE
AGRICULTURE WATER MANAGEMENT IN A
CHANGING ENVIRONMENT: A SPECIAL FOCUS ON
OLIVE TREE, 13.

[3] Milano, M., Ruelland, D., Fernandez, S., Dezetter, A.,
Fabre, J., Servat, E., ... & Thivet, G. (2013). Current state of
Mediterranean water resources and future trends under
climatic and anthropogenic changes. Hydrological Sciences
Journal, 58(3), 498-518.

[4] Melgar, J. C., Mohamed, Y., Serrano, N., Garcia-Galavis, P.
A., Navarro, C., Parra, M. A, ... & Fernandez-Escobar, R.
(2009). Long term responses of olive trees to salinity.
Agricultural Water Management, 96(7), 1105-1113.

[5] Chartzoulakis, K., & Bertaki, M. (2015). Sustainable water
management in agriculture under climate change.
Agriculture and Agricultural Science Procedia, 4, 88-98.

[6] Hammami, S. B., Ledn, L., Rapoport, H. F., & De la Rosa,
R. (2011). Early growth habit and vigour parameters in olive
seedlings. Scientia horticulturae, 129(4), 761-768.

[7] Hammami, S. B., de la Rosa, R., Sghaier-Hammami, B.,
Ledn, L., & Rapoport, H. F. (2012). Reliable and relevant
qualitative descriptors for evaluating complex architectural
traits in olive progenies. Scientia horticulturae, 143, 157-
166.

[8] Bernstein, N., loffe, M., & Zilberstaine, M. (2001). Salt-
stress effects on avocado rootstock growth. I. Establishing
criteria for determination of shoot growth sensitivity to the
stress. Plant and Soil, 233(1), 1-11.

[9] Soltabayeva, A., Ongaltay, A., Omondi, J. O., & Srivastava,
S. (2021). Morphological, physiological and molecular
markers for salt-stressed plants. Plants, 10(2), 243.

[10] Goreta, S., Bucevi¢-Popovi¢, V., Pavela-Vranéi¢, M., &
Perica, S. (2007). Salinity-induced changes in growth,
superoxide dismutase activity, and ion content of two olive
cultivars. Journal of Plant Nutrition and Soil Science,
170(3), 398-403.

[11] Gashaw, A., Mohammed, H., & Singh, H. (2007). Selection
criterion for improved grain yields in Ethiopian durum
wheat genotypes. African Crop Science Journal, 15(1).

[12] Hammami, S. B., Ledn, L., Rapoport, H. F., & de la Rosa,
R. (2021). A new approach for early selection of short
juvenile period in olive progenies. Scientia Horticulturae,
281, 109993.

[13] Heuer, B., & Nadler, A. (1995). Growth and development of
potatoes under salinity and water deficit. Australian Journal
of Agricultural Research, 46(7), 1477-1486.

[14] Dolatabadian, A., SANAVY, S. A. M. M., & Ghanati, F.
(2011). Effect of salinity on growth, xylem structure and
anatomical characteristics of soybean. Notulae Scientia
Biologicae, 3(1), 41-45.

[15] Moriana, A., & Fereres, E. (2002). Plant indicators for
scheduling irrigation of young olive trees. Irrigation
Science, 21(2), 83-90.

[16] Niklas, K. J. (1993). The allometry of plant reproductive
biomass and stem diameter. American Journal of Botany,
80(4), 461-467.

www.aipublications.com

International Journal of Horticulture, Agriculture and Food Science (IJHAF)

6(5)-2022

[17] Kant, S., Kafkafi, U., Pasricha, N., & Bansal, S. (2002).
Potassium and abiotic stresses in plants. Potassium for
sustainable crop production. Potash Institute of India,
Gurgaon, 233, 251.

[18] Ohashi, Y., Nakayama, N., Saneoka, H., & Fujita, K.
(2006). Effects of drought stress on photosynthetic gas
exchange, chlorophyll fluorescence and stem diameter of
soybean plants. Biologia Plantarum, 50(1), 138-141.

[19] Perica, S., Brklja¢a, M., Goreta, S., & Romié¢, M. (2003,
September). Vegetative growth and salt accumulation of six
olive cultivars under salt stress. In IV International
Symposium on Irrigation of Horticultural Crops 664 (pp.
555-560).

[20] Anandan, A., Rajiv, G., Ramarao, A., & Prakash, M. (2012).
Internode elongation pattern and differential response of rice
genotypes to varying levels of flood water. Functional Plant
Biology, 39(2), 137-145.

[21] Khorasaninejad, S., Mousavi, A., Soltanloo, H., Hemmati,
K., & Khalighi, A. (2010). The effect of salinity stress on
growth parameters, essential oil yield and constituent of
peppermint (Mentha piperita L.). World Applied Sciences
Journal, 11(11), 1403-1407.

[22] Alizadeh, M. R., Dabbaghi, A., Rahimi-Ajdadi, F., Rezaei,
M., & Rahmati, M. H. (2011). Effect of salinity and
irrigation regimes on the internode physical variations of
rice stem. Australian Journal of Crop Science, 5(12), 1595-
1602.

[23] Wang, L. W., Showalter, A. M., & Ungar, I. A. (1997).
Effect of salinity on growth, ion content, and cell wall
chemistry in Atriplex prostrata (Chenopodiaceae). American
Journal of Botany, 84(9), 1247-1255.

[24] Kchaou, H., Larbi, A., Gargouri, K., Chaieb, M., Morales,
F., & Msallem, M. (2010). Assessment of tolerance to NaCl
salinity of five olive cultivars, based on growth
characteristics and Na+ and Cl— exclusion mechanisms.
Scientia Horticulturae, 124(3), 306-315.

[25] Chartzoulakis, K., Loupassaki, M., Bertaki, M., &
Androulakis, 1. (2002). Effects of NaCl salinity on growth,
ion content and CO2 assimilation rate of six olive cultivars.
Scientia Horticulturae, 96(1-4), 235-247.

[26] Leyser, O. (2009). The control of shoot branching: an
example of plant information processing. Plant, cell &
environment, 32(6), 694-703.

Page | 17


http://www.aipublications.com/

