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Abstract
In this paper, our objective is to assess and compare the effects of three
levels of irrigation application on the ecophysiological behavior and plant
dry matter accumulation of two young olive tree cultivars Koroneiki, a
promising greek cultivar, and Chemlali, the best local cultivar. According to
this assessment, we can determine the most efficient water treatment that
could be suitable for Mediterranean environments subjected to water
shortage conditions. Measurements were made in the green house of the
Tunisian Olive tree Institute under normal day-light conditions from March,
16th to April, 21st 2015. Three water treatments were applied which are
T100% (control treatment: Daily irrigation at 100% of Available Water
Content (AWC)), T50% (Daily irrigation at 50% of AWC) and T0%
(Without watering). The results showed that the two olive tree cultivars
possess important mechanisms to overtake limited water resources.
However, some striking variations existed between the two cultivars studied.
Indeed, as water stress increased (T0%), Chemlali maintained longer a high
midday leaf water potential compared (- 4.54 MPa) to Koroneiki (- 5.8
MPa). T50% treatment seems to be sufficient for both cultivars.
Measurements of total Osmotic Adjustment (OA) showed that olive trees use
this mechanism to create very negative leaf water potentials in order to be

327

European Scientific Journal January 2017 edition vol.13, No.3 ISSN: 1857 – 7881 (Print) e - ISSN 1857- 7431

able to extract water from a dry root environment. The root/shoot ratio of
Chemlali plants at T50% treatment was the highest (1.08) comparatively
with the other two treatments (0.70 and 0.79 for T100% and T0% AWC
water treatments, respectively). This result shows that Chemlali plants
valorize low quantities of water (T50%) rather than high quantities (T100%)
and Koroneiki plants behave better when it is irrigated at 100% AWC. To
conclude, Chemlali plants irrigated at 50% AWC, compared to Koroneiki
plants, are the most suitable to tolerate water restriction conditions.
Keywords: Olea europaea L., leaf water potential, osmotic adjustment, ecophysiological behavior, plant dry matter accumulation.
Introduction
Nowadays, 98% of the worldwide olive trees are cultivated within the
Mediterranean area. This region represents, from a climatological point of
view, a transitional area between temperate and tropical climates. In semiarid Mediterranean zone, like Tunisia, the climate is characterized by an
irregularity precipitations and hot and dry summers. In the long-term, this
situation could become more and more exacerbated, considering the
increased risk of aridity caused by warming climate. Olive trees grown in
these regions are often exposed to a long period of drought and harsh
environmental conditions, which affects tree growth and, hence, olive
growing development. Much of the land, where olive trees are grown, is
intrinsically incapable of producing profitable crops under dry-farming
conditions. In Tunisia, in order to increase productivity of olive trees, the
intensification of this culture sector is a necessity.
The expansion of irrigated olive farming and the increasing concern for
quality of the harvested products lead to the introduction of cultivars from
the northern zone of the Mediterranean in Tunisia. Koroneiki is the main
olive cultivar grown for oil in Greece. This cultivar can be planted in highdensity orchards, but has also potential for the more traditional non-irrigated
production sites.
During the last decade, effort has been put in a sustainable
development of the olive orchards in Tunisia applying irrigation and
fertilisation in order to improve the productivity and quality of olive oil. Till
now, no study about the suitability of Koroneiki cultivar for a more arid
climate is available, nor is it known how this cultivar compares with local
cultivars under drought and irrigation conditions. Studying physiological
responses to irrigation supply may help to get fundamental and new insights
into how this cultivar responds to water demand.
Different cultivars respond differently to water treatment showing
differences in terms of adaptation, dry matter distribution, production and
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gas exchange responses to water shortage (Chartzoulakis et al.,1999; Bacelar
et al., 2004, 2007; Tognetti et al., 2002).
In this context, the main aim of this work was to assess the behavior of
two young olive tree cultivars Koroneiki, which is a promising Greek
cultivar for oil production, and Chemlali, the best local cultivar for oil
production, under three water treatments. The comparison between the two
cultivars was based on water status, eco-physiological and dry matter
accumulation parameters. This study is essential to select the most suitable
cultivar for Mediterranean environments subjected to water shortage
conditions.
Material and methods
Plant material and water treatments
One-year-old olive trees (Koroneiki and Chemlali) were grown in 4L
plastic pots in a greenhouse at the Tunisian Olive tree Institute (Tunisia, 35
49′N, 10 38′E) under normal day-light conditions with an average
temperature of 25°C and relative humidity of 40%. Prior to the start of the
experiment, trees with a height of about 1m were selected and lifted from a
soil mix of organic material, sand and clay. Roots were washed and plants
were transplanted into a substrate mixture of peat and perlite (2/3 volume
ratio). A full-strength before starting, the plants were watered daily to 100%
of Available Water Content (AWC) for a period of 4 weeks with a Hoagland
solution. Then, plants were divided into two parts: the first one (control
plants) was subjected to irrigation to 100% of AWC and the second one to
drying until reaching 50% of AWC.
The experiment was conducted from March, 16th to April, 21st 2015.
Three water treatments were applied:
- T100%: Control treatment: Daily irrigation at 100% of Available
Water Content (AWC),
- T50%: Daily irrigation at 50% of AWC,
- T0%: Without watering.
Control and drought-stressed plants were arranged in a complete
randomized design with eight replications for each cultivar. Water treatments
(three levels of water application) and cultivars (two) were considered as
treatments. In total, 48 olive plants were used (8 plants of each cultivar/water
treatment).
Leaf water status measurements
Plant water status was determined by measuring the total leaf water
potential (Ψw) on fully expanded leaves (taken from the mid-section of the
shoots).
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Three plants per treatment were measured at midday (12 am) with a
thermocouple psychrometer (sample chambers type C52; Wescor, Logan,
Utah, USA) following the method described by Chazen et al. (1995). For
each plant and at each measurement event, a sample (surface area of the leaf
disc = 0.25 cm2) was used to measure Ψw. Osmotic adjustment (OA) was
calculated for both cultivars by taking the difference between midday Ψπ
measured at control (T100%) and stressed (T50% and T0%) plants.
Gas exchange measurements
Fully expanded leaves were used to measure simultaneously maximum
net photosynthetic assimilation rate A (μmol CO2 m-2 s-1) and stomatal
conductance for water vapour gs (mol H2O m-2 s-1) using a portable gas
exchange system (LI-6400, LI-COR, Lincoln, NE, USA).
The A/gs ratio was calculated and used as an estimate of the intrinsic
water use efficiency (WUE) according to Mediavilla et al. (2002).
Measurements were performed weekly in three replicates for each
treatment and cultivar. Measurements of A and gs were performed at light
saturation (1500 μmol PAR m-2 s-1) between 11 am and 2 pm and at a fixed
CO2 concentration (Ca equal to 400 μmol mol-1), with a leaf temperature of
25°C and a relative humidity of 50%.
Plant dry matter accumulation
At the end of the water stress application (April, 21st 2015), plants
destruction was done in order to determine the dry weight body (leaves, root
and stem).
Statistical analysis
The mean data were statistically analyzed using SPSS 16.0. Significant
differences between treatments were determined by one way analysis of
variance. Student–Newman–Keuls’s multiple range test was used to compare
the means.
Results and discussion
Effect of three water treatments on leaf water status
Effect of three water treatments on leaf water potential
Figure 1 shows the effect of three water treatments on the leaf water
potential (Ψw) of olive tree (Olea europaea L. cv Koroneiki and Chemlali).
For both cultivars, T100% plants show the highest leaf water potential
however T0% plants show the lowest one throughout the experiment period.
For Koroneiki plants, after 21 days of applying water treatments, a
significant difference was observed between T0% and the two other
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treatments (T100% and T50%). But, no significant difference was noticed
between Koroneiki T100% and T50% plants during the experiment period.
The leaf water potential of Koroneiki T0% plants decreases to - 5.8
MPa after 35 days of applying water treatments which represent 59.8%
comparatively with the control plants.
For Chemlali plants, 35 days after applying water treatments, no
significant difference was observed between T100% and T50%, while, the
leaf water potential of T0% plants decreases to - 4.54 MPa, which represent
35.93% comparatively with T100% plants. It should be noted that a
significant difference between Koroneiki and Chemlali plants was recorded
in T0%. According to these results, we can deduce that Chemlali plants are
more tolerant to water restriction than Koroneiki plants.
For both cultivars, Irrigation at 50% AWC permits to maintain regular
leaf water potential. Our results are similar with those obtained by Giron et
al. (2015) despite that the experiment was conducted in field conditions and
showed lower values mainly in the middle of the water stress period (from
DOY 207 until 220), though values on the stress treatment tended to be
lower throughout the water stress period.
According to Marino et al. (2014), under severe drought, the leaf water
potential ranged between ~−4.5 MPa (predawn) and ~−6.4 MPa (midday).
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Figure 1. Leaf water potential (Ψw, - MPa) of olive tree (Olea europaea L. cv Koroneiki
and Chemlali) under three water treatments during 35 days after applying water treatments.
Each value represents the mean ± standard deviation of three measures. The average of each
value followed by the same letter do not differ statistically between treatment - SNK P <5%.
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Effect of three water treatments on leaf osmotic adjustment
Figure 2 indicates that, for Koroneiki plants, T50% plants show a very
low osmotic adjustment (0.16 MPa) that decreases throughout the
experiment. However, for Koroneiki T0% plants, the osmotic adjustment did
not exceed 0.5 MPa after 21 days of applying water treatments. Then, it
increases strongly by 85% and reaches 2.46 MPa, after 28 days of applying
water treatments.
At the end of the experiment, the osmotic adjustment of T50% and
T0% plants reaches 0.08 and 2.02 MPa respectively.
Chemlali plants show a progressive increase of their osmotic
adjustment throughout the experiment, for both water treatments (50% AWC
and 0% AWC). At the last day of the experiment, the osmotic adjustment of
Chemlali T50% and T0% plants reaches 1.25 and 1.7 MPa, respectively.
Giron et al. (2015) showed that the physiological response of the trees
(osmotic adjustment and trunk dehydration) compensated the decrease in
water potential.
The ability of olive trees to reach such (extremely) negative Ψw values
is partially due to osmotic adjustment. Osmotic adjustment allows plants to
tolerate temporary or prolonged periods of water shortage and is one of the
crucial processes involved in plant adaptation to drought (Chaves et al.,
2003). According to Dichio et al. (2003), osmotic adjustment is one of the
early mechanisms of trees in respond to water stress (i.e. in olive trees).
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Figure 2. Leaf osmotic adjustment (OA, MPa) of olive tree (Olea europaea L. cv Koroneiki
and Chemlali) under two water treatments during 35 days after applying water treatments.
Each value represents the mean ± standard deviation of three measures. The average of each
value followed by the same letter do not differ statistically between treatment - SNK P <5%.
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Effect of three water treatments on gas exchange
Effect of three water treatments on stomatal conductance
Figure 3 shows the effect of three water treatments on the leaf stomatal
conductance (gs) of Koroneiki and Chemlali cultivars. For the both cultivars,
at T100%, plants show the highest stomatal conductance, however T0% ones
show the lowest value. We noted a significant difference between Koroneiki
T100% and T50% plants after 14 days of the start of the experiment. The
T0% plants of the same cultivar show a low stomatal conductance that
ranges between 0.026 and 0.011 mol H2O m-2 s-1.
Chemlali plants demonstrated a significant difference between the
three water treatments after 7 days of applying water treatments. This
difference was maintained throughout the experimental period. At the 35th
day, no significant difference was observed between cultivars for the three
water doses.
As a mechanism of adaptation to water restriction, the stomatal
conductance limits the photosynthesis (A) rate by closing the stomata, so the
photosynthesis decreases. The stomatal conductance of Koroneiki plants at
T100% ranges between 0.17 and 0.255 mol H2O m-2 s-1. However, Chemlali
plants for the same treatment, stomatal conductance ranges between 0.16 and
0.297 mol H2O m-2 s-1. For Koroneiki plants receiving 50% AWC, the
stomatal conductance ranges between 0.123 and 0.227 mol H2O m-2 s-1.
Whereas, Chemlali plants stomatal conductance ranges between 0.087 and
0.217 mol H2O m-2 s-1.
Stomatal closure, to maintain the leaf’s water balance, decreases A and
thus biomass production of plants (Lawlor, 2002; Farineau and MorotGaudry, 2006). A controversy exists already for several years as to whether
stomatal closure or biochemical impairment limits most photosynthesis
under drought stress. Cornic (2000) concluded that the stomatal part is the
primary and, therefore, probably the most important limiting factor, but the
debate is up to today still ongoing. Fernandez (2014) indicated that the role
of stomata is to regulate the entry of sufficient CO2 for optimal
photosynthesis while conserving water inside the plant. As in many other
plants well adapted to dry areas, stomatal closure in olive limits
transpiration.
In potted olive trees, Angelopoulos et al. (1996) and Boussadia et al.
(2008) determined that stomatal conductance (gs) was limiting
photosynthesis (A) in trees subjected to mild and moderate water stress.
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Figure 3. Leaf stomatal conductance (gs, mol H2O m-2 s-1) of olive tree (Olea europaea L.
cv Koroneiki and Chemlali) under three water treatments during 35 days after applying
water treatments. Each value represents the mean ± standard deviation of three measures.
The average of each value followed by the same letter do not differ statistically between
treatments- SNK P <5%.

Effect of three water treatments on photosynthesis
The effect of three water treatments on the leaf photosynthesis (A) of
Koroneiki and Chemlali olive plants was given in figure 4. For both
cultivars, plants at T100% show the highest photosynthesis rate whereas
T0% plants show the lowest one. For Koroneiki plants, a significant
difference was noticed after 14 days of applying water treatments between
plants treated at T100% and T50%. Koroneiki T0% plants show a low
photosynthetic rate that decreases from 4.08 µmol CO2 m-2 s-1, to 0.2 µmol
CO2 m-2 s-1, at the end of the experimental period.
For Chemlali plants, a significant difference was noticed between T0%
and T100% plants during the whole experiment. However, no significant
difference was recorded at the end of the experimental period between
T100% and T50% plants. As for Koroneiki T0% plants, the photosynthesis
rate of Chemlali plants decreases from 8.46 µmol CO2 m-2 s-1, to 1.29 µmol
CO2 m-2 s-1, 35 days after applying water treatments. The photosynthesis rate
decreases strongly for Koroneiki T0% plants than Chemlali ones. So we can
deduce that Chemlali plants seem to present more plasticity to water
restriction than Koroneiki plants.
Despite the decreasing trend in A due to turgidity loss which
compromises cell metabolism and, in particular, the photosynthetic system,
the results confirm the capacity of olive tissues to continue with
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photosynthesis during prolonged water restriction and to lose tissue water
through transpiration ensuring some photosynthesis in case of missing or
insufficient irrigation. Similar results were also reported by Dichio et al.,
(2005) for Coratina olive trees. Petridis et al. (2012) determined that
photosynthetic rate was reduced mainly due to stomatal closure. Cultivars
having high rates of carbon uptake, when conditions are favorable, decrease
rapidly upon installing and during the water stress treatment. These cultivars
can be categorized as opportunistic. Maximum reduction in A was observed
after 35 days of water stress: values reduced to 80% and 56% compared to
control values for Koroneiki and Chemlali, respectively. Similar results have
been reported by Braham (1997) and Boussadia et al. (2008) for the same
cultivars. Chartzoulakis et al. (1999) noted that the photosynthetic activity in
two olive tree cultivars Koroneiki and Mastoid declined during the
development of progressive water restriction. Similar effects have been
reported by other researchers (e.g. Giorio et al., 1999) noting that the
photosynthesis rates of olive trees decreased by 50% when water supply
changed from 66% to 33% ETP (evapotranspiration).
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Figure 4. Leaf photosynthesis (A, µmol CO2 m-2 s-1) of olive tree (Olea europaea L. cv
Koroneiki and Chemlali) under three water treatments during 35 days after applying water
treatments. Each value represents the mean ± standard deviation of three measures. The
average of each value followed by the same letter do not differ statistically between
treatments - SNK P <5%.

Effect on intrinsic water use efficiency
The intrinsic WUE of Koroneiki, expressed as the ratio A/gs, shows no
significant difference between T100% and T50% plants throughout the
experiment (Figure 5). However, for Chemlali plants, T50% presents a better
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ranged between 83 to 98 μmol CO2 m-2 s-1 compared to Chemlali WUE that
ranged between 80 and 135 μmol CO2 m-2 s-1 for T50% treatment.
This result indicates that Chemlali plants valorizes better low quantities
of water (T50%) rather than high quantities (T100% plants). A significant
difference between Koroneiki and Chemlali plants for the two water
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Figure 5. Intrinsic water use efficiency (µmol CO2 (mol H2O)-1) of olive tree (Olea
europaea L. cv Koroneiki and Chemlali) under two water treatments during 35 days after
applying water treatments. Each value represents the mean ± standard deviation of three
measures. The average of each value followed by the same letter do not differ statistically
between treatments - SNK P <5%.
0

Effect of three water treatments on plant dry matter accumulation
For both cultivars, root dry weight (DW) was significantly affected by
the three water treatments. Koroneiki plants at T100% show the highest root
DW. However, for Chemlali plants, the highest one was shown at T50%
(Table 1).
At T100%, leaves DW of Koroneiki cultivar show a significant
difference with the other treatments (T50% and T0%). For Chemlali at
T50%, plants show the highest leaves DW but no significant difference is
found, between the three water treatments.
The highest Koroneiki stem DW was obtained in plants treated at
T100% and T50% compared to T0%. Whereas, for Chemlali plants, no
significant difference was found between the three water treatments.
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The root/shoot ratio of Chemlali plants at T50% treatment was the
highest (1.08) comparatively with the other two treatments. This result shows
that Chemlali plants valorize low quantities of water (T50%) rather than high
quantities (T100%). However, for Koroneiki at T100% treatment plants
show the best root/shoot ratio compared to T50% and T0%. This result
seems to indicate that Koroneiki plants behave better when it is irrigated at
100% AWC.
To reach this objective, plants subjected to water deficiency, close their
stomata, reduce water losses and limit transpiration and carbon assimilation
(Giorio et al., 1999). Such a reduction of photoassimilates availability
causes, at whole plant level, a change in the pattern of dry matter
distribution: shoot growth will be inhibited while a higher quantity of
assimilates will be transported and accumulated in the root system
determining a higher root/shoot ratio in water stressed plants (Xiloyannis et
al., 1999). Di Vaio et al. (2013) mentioned that, under different water
regimes applied on young pot-grown olive trees, the dry matter was affected
by the water regime and cultivar. Indeed, the cv Leccino, full irrigated,
displayed a greater accumulation of total dry matter and fruit dry matter,
while these two parameters were greatly reduced under the other water
regimes (T50 and T25). By contrast, the cv Racioppella always showed a
lower accumulation of dry matter and a more balanced canopy/root ratio.
Nevertheless, water stress is not the only parameter that affects dry
matter distribution in the plant; in particular, many agronomic and genetic
factors, such as rootstock, cultivar, training system, pruning and planting
density have been shown to influence growth and to modify the distribution
of biomass between roots and canopy (canopy/roots ratio) and between the
different plant organs (Caruso et al., 1997, 2001, 2008; Zucconi, 1992;
Xiloyannis et al., 2007; Di Vaio et al., 2012; Weibel and Reighard, 2012;
Yano et al., 2002).
Several cultivars respond differently to drought, showing differences in
terms of adaptation, dry matter distribution, production and gas exchange
responses to water shortage (Chartzoulakis et al.,1999; Bacelar et al., 2004,
2007; Tognetti et al., 2002).
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Table 1. Root, leaves and stem dry weight (g/plant) and root/shoot ratio of olive tree (Olea
europaea L. cv Koroneiki and Chemlali) under three water treatments, 35 days after
applying water treatments. Each value represents the mean ± standard deviation of three
measures. The average of each value followed by the same letter do not differ statistically SNK P <5%. The first letter is for the statistical analysis within the cultivar and the second is
for the statistical analysis within the water treatment.

Chem
lali

Korone
iki

Cultivar -Water
treatment
T100%
T50%
T0%
T100%
T50%
T0%

Root Dry Weight
(g/plant)

Leaves
Dry
Weight (g/plant)

Stem Dry Weight
(g/plant)

Root/shoot ratio

45.96±2.32a,a
29.50±2.48b,a
16.51±0.62c,a
24.97±3.97ab,b
33.80±5.37b,a
20.41±4.91a,a

30.40±4.74a,a
18.96±3.28b,a
12.79±2.51b,a
16.85±4.31a,b
17.46±7.51a,a
11.10±1.52a,a

32.76±2.62a,a
29.26±2.35a,a
17.73±3.43b,a
18.51±4.68a,b
16.07±5.62a,b
14.64±1.10a,a

0.70±0.04a,a
0.61±0.02b,a
0.55±0.10b,a
0.70±0.07a,a
1.08±0.29a,b
0.79±0.13a,a

Conclusion
Our results showed that, as water stress increases (T0%), the cultivar
Chemlali belong more resistant to water restriction than Koroneiki by
maintaining longer a high (less negative) midday leaf water potential.
Measurements of osmotic adjustment showed that olive trees use this
mechanism to create very negative leaf water potentials in order to be able to
extract water from a dry root environment. Chemlali plants showed a
progressive increase of their osmotic adjustment throughout the experiment,
for both water treatments (50% AWC and 0% AWC). This Chemlali cultivar
stress management strategy was confirmed by measurements of stomatal
conductance showing a significant difference between the three water
treatments from the first week after applying water treatments. However, for
Koroneiki cultivar, the stress management strategy was not as remarkable as
Chemlali cultivar. As a mechanism of adaptation to water restriction, the
stomatal conductance limited the photosynthesis rate by closing the stomata,
so the photosynthesis decreases and thus the biomass production of plants.
Such a reduction of photoassimilates availability causes, a higher root/shoot
ratio in water stressed plants (1.08 for Chemlali T50% plants). In
consequence, Chemlali T50% plants showed the highest intrinsic water use
efficiency compared to Koroneiki plants. In conclusion, the assessment of
the behavior of two young olive tree cultivars Koroneiki and Chemlali under
water restriction conditions based on water status, eco-physiological and dry
matter accumulation parameters showed that olive tree (Olea europaea L.)
local cultivar Chemlali irrigated at 50% AWC, compared to Koroneiki
cultivar, is the most suitable cultivar to tolerate water restriction conditions.
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