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Abstract - The objective was to evaluate the effect of three water treatments on biomass by monitoring 

water status as an indicator of stress. The study consists of applying three water treatments (100, 50 and 

25% field capacity (FC)) on one-year-old olive plants (Olea europaea L. cv Meski) during 42 days in a 
greenhouse under semi-controlled conditions. The evaluation of olive tree response was carried out by 

monitoring water and osmotic potentials, osmotic adjustment, relative water content and accumulation 

of dry matter. 
The water potential decreased by 16 and 28% compared to control plants (T100%) at the end of the 

experiment, respectively for T50% and T25% plants. The osmotic potential decreased by 50 and 64% 

compared to control plants respectively for T50% and T25% plants to reach -4.54 and -4.98 MPa due to 

regression of water stock. As a result, the osmotic adjustment increased to 1.51 and 1.95 MPa 
respectively for T50% and T25% plants at the end of the experiment. Olive tree decreases its water and 

osmotic potentials and the osmotic adjustment would be more important according to the progression of 

the degree of stress. T50% and T25% plants had a passive osmotic adjustment of 79 and 89% 
respectively. Control plants accumulated more dry matter in the roots and stem, while the root/ shoot 

ratio seemed indifferent to water stress. The water restriction has affected root and stem dry matter in 

favor of leaves, the first operator of photosynthetic activity.  
These results indicate that a water restriction for Meski cultivar implies a specific adaptation 

characterized by a reduction in osmotic potential involving an increase in osmotic adjustment and a shift 

in the distribution of dry matter maintaining the leaves dry matter of stressed plants similar to those of 

control plants at the expense of roots and stem to ensure photosynthetic activity. 
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water content, Root/shoot ratio. 

 

1. Introduction 

Tunisia is a southern Mediterranean country; it is characterized by a spatio-temporal variability of 

rainfall with a marked contrast of hydro-climatic conditions: a humid climate in the North West to a 

structural deficit in the Southeast. Aware of these issues, Tunisia began an extensive program of 

mobilization of water resources, with a partial interconnection of hydraulic structures, in order to satisfy 
a growing water demand for the demographic development.  

Tunisia also has the reputation of being prone to very high erosion risk. Indeed, water erosion is a 

complex phenomenon threatening water and soil resources of the country. The physical and climatic 
characteristics of Tunisia are favourable for triggering the water erosion phenomenon. On the other 

hand, water erosion in Tunisia has been accelerated by socio-economic conditions by crops subsidies 

agriculture manifested by a great change in the land cover. 
Land cover change seriously affects water resources. As the most direct expression of the interaction 

between human activities and the natural environment, land cover affects the condition of water 

resources and agricultural economic growth, thereby affecting the process of watershed hydrology and 

water resource cycles.  
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Recently, SWAT model has been applied to study climate change scenarios, for vulnerable situation of 

water availability, specifically, in the regions where more prolonged droughts and more frequent and 
more intensive floods will occur. In this study the impacts of climate change on stream flow and water 

resources management using data from the Rmel watershed which is located in the north-eastern of 

Tunisia to test the effectiveness of the proposed methodology above using downscaled GCM climate 
predictors in the SWAT hydrological model for water resources predictions, taking into account the 

evolution of land cover scenarios. Thus, the objective of this study is to improve the efficiency of future 

water assessment in a climate change context. The output of this study can then be used as an input for 

further decision support for water resources planning in the watershed 
 

2. Material and methods 

2.1. Plant material 

One-year-old olive trees (Olea europaea L. cv Meski) were grown in 1.6 L 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 1 m 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 Field Capacity (FC) 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 FC and the second one to drying until reaching 

50% of FC. 

 
2.2. Experimental design 

The experiment was conducted from March, 18th to April, 29th 2013. Three water treatments were 

applied:  

- T100%: control treatment: Daily irrigation at 100% of Field Capacity (FC), 
- T50%: Daily irrigation at 50% of FC, 

- T25%: Daily irrigation at 25% of FC.  

Control and drought-stressed plants were arranged in a complete randomized design with six replications 
for each water treatment. In total, 18 olive plants were used. 

 

2.3. Parameters of control 

2.3.1. Leaf water status  

Plant water status was determined by measuring the total leaf water potential (Ψw) and the osmotic 

potential (Ψπ) on fully expanded sunlit leaves (taken from the mid-section of the shoots). Leaf water 

potential measured at midday is the most widely accepted indicator and it has been proposed as a suitable 
approach to determine plant water status for irrigation scheduling of the majority of the fruit trees 

(Fereres and Goldhamer 2003; Moriana et al. 2012). Measurements require little training and are easy 

to perform. The technique, however, is destructive, slow, labour intensive, discontinuous and unsuitable 
for automation. 

Three plants per treatment were measured at predawn (6 am) (only for the last measurement date) and 

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, two leaf disc samples were taken. One sample (surface area of the leaf disc = 0.25 

cm2) was used to measure Ψw, whereas the second one, taken from the same leaf, was protected in 

aluminum foil and kept in a freezer at -20°C for 24 h in order to disrupt the cell membranes. After 
thawing, the second leaf disc was used to measure Ψπ. Osmotic adjustment (OA) was calculated by 

taking the difference between midday Ψπ measured at control (T100%) and stressed (T50% and T0%) 

plants.  
Active osmotic adjustment (AOA) was defined as the difference between Ψπ at full turgor measured at 

predawn for the 100% FC treatment (Ψπ100) and the two other treatments T50% and T25% 

(Ψπ100(T50% and T25%)) plants.  

The contribution of passive osmotic adjustment (POA) to OA via the loss of symplastic water was 
determined as:               

POA = OA – AOA 
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The osmotic adjustment and its compounds were taken in the end of the experiment (April, 29th 2013), 

in three replicates for each water treatment. 
 

2.3.2. Relative Water Content (RWC) 

Leaf Relative Water Content (RWC) was determined at midday on fully expanded leaves of similar age. 
Three replicates per treatment were applied and values of RWC were calculated by the following 

equation: 

RWC = [(FW – DW)/(TW – DW)]*100 

where FW, DW, and TW are fresh weight, dry weight and turgid weight (g), respectively. DW was 

determined after drying the leaf sample at 80°C for 24 h. For TW determination, leaves were rehydrated 
by immersing the petiole in distilled water in a beaker sealed with parafilm. Full rehydration was 

achieved after 24 h in complete darkness at 4°C. 

2.3.3. Dry matter accumulation measurements 

At the end of the water stress application (April , 29th 2013), Plants destruction was done in order to 

obtain fresh and dry biomass and to determine the dry weight body (leaves, root and stem).  
 

3. Results and discussion 

3.1. Effect of water treatments on water status 

3.1.1. Effect on leaf water potential 

Figure 1 shows the effect of three water treatments on leaf water potential of olive tree (Olea europaea 

L. cv Meski) during 42 days after applying water treatments. The results showed that T100% plants had 

the highest leaf water potential while T25% plants the lowest one throughout the experiment period. 
The T100% plants had a relatively constant leaf water potential during the experiment period, compared 

to the two water treatments T50% and T25%. The leaf water potential of these two water treatments 

(T50% and T25%) decreased progressively throughout the experiment period to be less than the control 

treatment (T100%) by 16 and 28%, 42 days after applying water treatments. This decrease can be 
explained by a regression of the water stock. 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). 

Braham (1997) mentioned that other factors could modify the leaf water potential especially climatic 
conditions such as temperature, air humidity and solar radiation. 

 

 

 
 
Figure 1. Leaf water potential (Ψw; - MPa) of olive tree (Olea europaea L. cv Meski) under three water treatments during 
42 days after applying water treatments. Values with different letters are significantly different at P < 0.05 (means of three 
replicates) according to SNK test; error bars = SD. 
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3.1.2. Effect on leaf osmotic potential 

Figure 2 shows the effect of three water treatments on leaf osmotic potential of olive tree (Olea europaea 

L. cv Meski) during 42 days after applying water treatments. The leaf osmotic potential of T100% plants 

ranged between - 2.4 and -3.03 MPa from the 7th to the 42nd day after applying water treatments while 
it decreases from -2.84 and -2.91MPa, 7 days after applying water treatments, to -4.54 and - 4.98 MPa, 

42 days after applying water treatments, respectively for T50% and T25% plants. These results indicated 

that, the cultivar Meski decreased its leaf osmotic potential throughout the experiment for plants 

receiving less water (50% and 25% FC) than control plants (100% FC). At the end of the experiment, 
the leaf osmotic potential of T50% and T25% plants decreased by 50 and 64% respectively, compared 

to control plants (T100%). The ability of olive tissues to lose water in transpiration stream causes an 

increment of cell solute concentration and, hence, osmotic potential decline with increasing drought 
stress (Chartzoulakis et al., 1999). This accumulation of compatible solutes in olive trees allows 

maintenance of the cell turgor and, thus, the opening of the stomata during periods of drought 

(Chartzoulakis et al., 1999; Fernandez, 2014).  
 

 

 
 
Figure 2. Leaf osmotic potential (Ψπ; - MPa) of olive tree (Olea europaea L. cv Meski) under three water treatments during 
42 days after applying water treatments. Values with different letters are significantly different at P < 0.05 (means of three 
replicates) according to SNK test; error bars = SD. 

 

3.1.3. Effect on osmotic adjustment and components 

Figure 3 shows the effect of water treatments on leaf osmotic potential of olive tree (Olea europaea L. 

cv Meski) during 42 days after applying water treatments. T25% plants showed a higher osmotic 
adjustment compared to T25% plants during the whole period of the experiment. In addition, plants of 

both water treatments T50% and T25% showed a progressive increase of their leaf osmotic adjustment 

throughout the experiment period. In fact, the leaf osmotic potential increased from 0.44 and 0.51 MPa, 
7 days after applying water treatments to 1.51 and 1.95 MPa, 42 days after applying water treatments, 

for T50% and T25% plants respectively. Our results confirm those of Chaves et al. (2003) which 

indicated that the ability of olive trees to reach extremely negative osmotic potential values is partially 

due to osmotic adjustment that allows plants to tolerate temporary or prolonged periods of water 
shortage and is one of the crucial processes involved in plant adaptation to drought. 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). Giron et al. (2015) showed that the physiological response of the trees (osmotic 
adjustment and trunk dehydration) compensated the decrease in water potential. 
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Figure 3. Leaf osmotic adjustment (OA; MPa) of olive tree (Olea europaea L. cv Meski) during 42 days after applying 
water treatments. Values with different letters are significantly different at P < 0.05 (means of three replicates) according to 

SNK test; error bars = SD. 
 

Figure 4 illustrates the effect of water treatments on leaf osmotic adjustment components of olive tree 

(Olea europaea L. cv Meski), 42 days after applying water treatments. The results showed that plants 
of both water treatments (T50% and T25%) had a passive osmotic adjustment at 79 and 89%, 

respectively. This passive osmotic adjustment is not significant however the active osmotic adjustment 

is significant between the two water treatments. These results do not confirm those of Boussadia (2009) 

showing an active adaptation strategy. This difference could be due to the water restriction application 
method.   

 

 

 
 
Figure 4. Leaf osmotic adjustment components (OA, AOA, POA; MPa) of olive tree (Olea europaea L. cv Meski) 42 days 

after applying water treatments. Values with different letters are significantly different at P < 0.05(means of three replicates) 

according to SNK test; error bars = SD. 
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3.1.4. Effect on Relative Water Content (RWC) 

Figure 5 shows the effect of water treatments on leaf relative water content of olive tree (Olea europaea 

L. cv Meski) during 42 days after applying water treatments. Control plants showed relatively stable 

relative water content compared to T50% and T25% plants throughout the experiment period due to the 
daily irrigation at 100% of field capacity. The RWC decreased from 86 and 81%, at the beginning of 

the experiment to 75 and 82%, at the end of the experiment for T50% and T25% plants, respectively. 

After 21 days of applying water treatments, the RWC was 84 and 78% for T50% and T25% plants, 

respectively, which indicated a significant regression by 6.7 and 13.3% compared to control plants. One 
week after (28 days after applying water treatments), the RWC of T50% and T25% plants showed a 

significant decrease by 8.8 and 17.6% respectively. Our results confirm those of Boussadia (2009).  

 
 

 
 

Figure 5. Leaf relative water content (RWC; %) of olive tree (Olea europaea L. cv Meski) during 42 days after applying 
water treatments. Values with different letters are significantly different at P < 0.05 (means of three replicates) according to 
SNK test; error bars = SD. 

 

3.2. Effect of water treatments on plant dry matter accumulation 

Table 1 shows the effect of three water treatments on the root, stem and leaves dry weight and root/shoot 

ratio of olive tree (Olea europaea L. cv Meski), 42 days after applying water treatments. No significant 

difference was mentioned between the three water treatments on leaves dry weight however, T100% 
plants showed the highest roots and stem dry weights compared to the two other water treatments. The 

water restriction has affected root and stem dry matter in favor of leaves, the first operator of 

photosynthetic activity. This result was statistically significant. In general, for the root/shoot ratio, no 

significant difference was determined between the three water treatments. 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). 
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Table 1. Root, stem and leaves dry weight (g/plant) and root/shoot ratio of olive tree (Olea europaea L. cv Meski) under 
three water treatments, 42 days after applying water treatments. 
 

 

Roots Dry Weight 

(g/plant) 

Stem Dry Weight 

(g/plant) 

Leaves Dry Weight 

(g/plant) Root/shoot ratio 

T100% 8.36* 12.62* 12.27 0.28 

T50% 4.05 7.17 8.87 0.26 

T25% 3.91 6.63 9.08 0.25 
 
* significant at P < 0.05 

 

4. Conclusion  

Cultivar Meski showed a good adaptation to water restriction by decreasing its leaf water and osmotic 

potentials to ensure a progressive increase of osmotic adjustment which is one of the early mechanisms 
of trees in respond to water stress. In addition, at the 42nd day after applying water treatments, the 

osmotic adjustment of the two water treatments T50% and T25% was passive rather than active. The 

leaf relative water content of stressed plants decreased throughout the experiment due to water shortage. 

Also, a water restriction affected the root and stem dry matter in favor of leaves, the first operator of 
photosynthetic activity and consequently the root/shoot ratio was not affected.  

 

Acknowledgments 
The authors acknowledge the Olive tree Institute (Unit of Sousse) technical staff for the help and support 

that they gave us during the whole realization period of this research. 

 

5. References  

Blum A (2005) Drought resistance, water-use efficiency, and yield potential—are they compatible, 

dissonant, or mutually exclusive? Austr. J. Agric. Res 56 1159–1168. 

Boussadia O (2009) Ecophysiological and Biochemical Responses of Two Olive, Tree Cultivars (Olea 
europaea L. Meski and Koroneiki) under drought stress and nitrogen deficiency. PhD thesis, 

Faculty of Bioscience Engineering, Ghent University, 163p 

Braham M (1997) Activité écophysiologique, état nutritif et croissance de l’olivier (Olea europaea L.) 
soumis à une contrainte hydrique, thèse d’État, faculté des sciences agronomiques de Gand, 

Belgique. 160 p. 

Caruso T, Inglese P, Sidari M, Sottile F (1997) Rootstock influences seasonal drymatter and 

carbohydrate content and partitioning in above-ground components of Flordaprince peach trees. J. 
Am. Soc. Hortic. Sci. 122 (5), 673–679. 

Caruso T, Barone E, Di Vaio C (2001) Factors affecting tree crop efficiency in youngpeach trees: 

rootstock vigour and training system. Acta Hortic. 557, 193–197. 
Caruso T, Motisi A, Pernice F, Di Vaio C (2008) Peach planting systems in southernItaly: 

ecophysiological aspects and technical developments. Acta Hortic. 772, 423–430. 

Centritto M, Wahbi S, Serraj R, Chaves M (2005) Effects of partial rootzone drying (PRD) on adult 
olive tree (Olea europaea) in field conditions under arid climate: II. Photosynthetic responses. 

Agric, Ecosyst Environ.; 106(2):303–11. 

Chartzoulakis K, Patakas A, Bosabalidis A (1999) Change in water relations, photosynthesis and leaf 

anatomy induced by intermittent drought in two olive cultivars. Environmental and Experimental 
Botany 42. pages 113-120. 

Chaves MM, Maroco JP, Pereira JS (2003) Understanding plant responses to drought—from genes 

to the whole plant, Funct. Plant Biol. 30 239–264. 
Chazen O, Hartung W, Neumann, P M (1995) The different effects of PEG 6000 and NaCl on leaf 

development are associated with differential inhibition of root water transport. Plant, Cell and 

Environment 18, 727-735. 
Connor DJ (2005) Adaptation of olive (Olea europaea L.) to water-limited environments. Crop and 

Pasture Science; 56(11):1181–9. 

Dichio B, Xiloyannis C, Angelopoulos K, Nuzzo V, Bufo S A, Celano G (2003) Drought-induced 

variations of water relations parameters in Olea europaea. Plant and Soil, 257(2), 381-389.  



Volume CSIEA (13). Published November, 01, 2017 
www.jnsciences.org 
E-ISSN 2286-5314 

Ben Hassine et al. (2017) / Journal of new sciences, Agriculture and Biotechnology, CSIEA(13), 2693-2700                        2700 

Di Vaio C, Marra F P, Scaglione G, La Mantia M, Caruso T (2012) The effect of different vigour 

olive clones on growth, dry matter partitioning and gas exchange under water deficit. Scientia 
Horticulturae 134, 72–78. 

Di Vaio C, Marallo N, Marino G, Caruso T (2013) Effect of water stress on dry matter accumulation 

and partitioning in pot-grown olive trees (cv Leccino and Racioppella). Scientia Horticulturae, 164, 
155-159.  

Dry P, Loveys B (1998) Factors influencing grapevine vigour and the potential for control with partial 

rootzone drying. Australian Journal of Grape and Wine Research.; 4(3):140–8 

Dry P, Stoll M, Mc Carthy M, Loveys B, editors (1999) Using plant physiology to improve the water 
use efficiency of horticultural crops. III International Symposium on Irrigation of Horticultural 

Crops 537 

Expósito A, Berbel J (2016) Microeconomics of deficit irrigation and subjective water response 
function for intensive olive groves. Water 8, 254, http://dx.doi.org/10.3390/w8060254  

Fereres E and Goldhamer D (2003) Suitability of stem diameter variation and water potential as 

indicator for irrigation scheduling of almond trees. J. Hortic. Sci.Biotechnol. 78, 139–144.      
Fernández J, Moreno F, Girón I, Blázquez O (1997) Stomatal control of water use in olive tree leaves. 

Plant Soil.; 190(2):179–92.  

Fernandez J E (2014) Understanding olive adaptation to abiotic stresses as a tool to increase crop 

performance. Environmental and Experimental Botany 103 (2014) 158–179.  
Girón I F, Corell M, Galindo A, Torrecillas E, Morales D, Dell’Amico J, Moriana A (2015) 

Changes in the physiological response between leaves and fruits during a moderate water stress in 

table olive trees. Agricultural Water Management, 148, 280-286.  
Iniesta F, Testi L, Orgaz F and Villalobos FJ (2009) The effects of regulated and continuous deficit 

irrigation on the water use, growth and yield of olive trees. Eur J Agron 30:258–265 

Marino G, Pallozzi E, Cocozza C, Tognetti R, Giovannelli A, Cantini C, Centritto M (2014) 

Assessing gas exchange, sap flow and water relations using tree canopy spectral reflectance indices 
in irrigated and rainfed Olea europaea L. Environmental and Experimental Botany, 99, 43-52. 

Moriana A, Pérez-López D, Prieto MH, Ramírez-Santa-Pau M, Pérez-Rodriguez JM (2012) 

Midday stem water potential as a useful tool for estimating irrigation requirements in olive trees. 
Agr. Water Manage. 112, 43–54.  

Vadez V, Kholova J, Zaman-Allah M, Belko N (2013) Water: the most important molecular 

component of water stress tolerance research, Funct. Plant Biol.40 1310–1322. 
Weibel A M, Reighard G L (2012) Dwarfing peach rootstocks generate scion water stress. Acta Hortic. 

962 (October), 633–640. 

WWAP U. World Water Assessment Programme (2012) The United Nations World Water 

Development Report 4: Managing Water under Uncertainty and Risk. Paris: UNESCO 
Xiloyannis C, Sofo A, Celano G, Nuzzo V (2007) Absorption of atmospheric CO2 in peach trees and 

partitioning in the different plant organs. Acta Hortic. 732, 519–524. 

Yano T, Inoue H, Shimizu Y, Shinkai S, Ochi M (2002) Effects of Prunus tomentosa and P. persica 
rootstocks on yield, fruit quality, dry matter partitioning and trunkcross-sectional areas of six peach 

cultivars. J. Jpn. Soc. Hortic. Sci. 71 (November (6)), 730–737. 

Zucconi F (1992) Controllo dello sviluppo nelle piante arboree: introduzione alla fisiologia della 
potatura. Frutticoltura 12, 7–12. 

 

http://dx.doi.org/10.3390/w8060254

