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Abstract 
 To evaluate the response of the olive tree cultivars Meski and Chetoui 
to nutrient stress, a complete privation of major nutrients such as nitrogen 
(N), phosphorus (P), magnesium (Mg), and potassium (K) was chosen. 
Mineral composition, vegetative development, starch accumulation and their 
evolutions and distributions in the different compartment of the tree were 
studied. The survey of mineral diagnosis showed significant modification of 
the tree mineral alimentation, as well as cationic and anionic at varying 
degrees. Synergistic and antagonistic actions of the mineral elements were 
registered, reinforced by the imposed nutrient stress. The distribution of dry 
matter in the various organs of the olive tree cultivars was affected. The 
removal of nitrogen seemed to favor the allocation of carbon from leaves to 
roots. The effect of phosphorus deprivation was marked particularly on the 
development of the root system which seemed to be small, sparse and poorly 
developed. Important starch synthesis and storage was also revealed 
following nitrogen deficiency, but it was very weak after the suppression of 
magnesium, which may provoke a weakening of growth and development of 
these young olive trees. Cultivar comparison showed the superiority of 
Chetoui to support the severe imposed nutrient stresses.    

 
Keywords: Olive tree, nutrient stress, mineral diagnosis, vegetative 
development, starch accumulation 
 
Introduction 
 Olive (Olea europaea L.) has been known as ‘‘the fragrance of the 
soft gold’’ due to its high economic, social and cultural values. Nowadays, 
olive is the most extensively cultivated oleiferous tree species in the world, 
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covering an area of 10 million of hectares (Yang et al., 2007). There are 
more than 1200 olive cultivars. Among them, more than 800 cultivars are for 
oil production, over 100 are table olives and the rest are used for dual 
purpose Bartolini et al., 1998). Olive originated in the Mediterranean area, 
where the production accounts for more than 90% of the world oil 
production (Wan-Ze et al., 2013). Tunisia is the most famous country for 
olive culture in the Southern Mediterranean; more than 30% of its arable 
land is devoted to the cultivation of olives. Tunisia is ranked fourth in terms 
of number of trees and second in area terms (Karray et al., 2010). 
 Tunisia, despite its 70 million olive trees, suffers from fluctuations in 
the annual production which causes adverse consequences in the national 
economy (GDAP, 2011). As for olive trees, the large charge in flowers or 
fruits forms a source of competition that emphasizes the production 
alternation. This alternation depends on the relationship Source-Well. Olive 
adjusts its charge according to its reserves. 
 Source-Well relations are closely related to soil fertility. Nerveless, 
the actual demand for nutrients and detection of mineral deficiencies remain 
little studied and correction terms of foliar fertilization remain inconclusive. 
 In a context where fertilization is missing or is practiced empirically 
in the absence of specific standards, signs of bad nutrition appear and affect 
productivity. The issue of fertilization is that provide nutrients at the right 
time and just the right dose to best satisfy the needs of the tree without 
creating harmful surpluses to the environment. 
 The diagnosis of the olive grove nutritional status is the only way to 
determine its nutritional needs at a specific time. Among the methods of 
diagnosis, which is the more accurate is the foliar analysis. This method is 
used to identify nutrient imbalances, to assess the level of nutrients before 
the appearance of deficiencies, to measure the response to fertilization 
programs and to detect toxicities caused by certain elements. 
 Thus, the nutritional status of the olive tree is diagnosed after its 
deprivation for major nutrients such as nitrogen, phosphorus, potassium and 
magnesium. The impact of these deficiencies is revealed on the growth in 
dry matter of the olive tree and starch distribution in Well organs. 
 
Material and Methods 
Plant Material 

Chetoui: This is one of the most important and principal cultivars of oil 
in Northern Tunisia, where the average annual rainfall is never less than 
400mm, it is present in a proportion of 90 to 95%. Its fruits are used mainly 
for oil extraction, the pulp is easily separated from the core and fruit yield oil 
is medium (between 19 and 22%). 

Meski: is present in North Tunisia, slightly vigorous and rustic. Its 
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productivity is medium and constant. It flowers early, but it is self-
incompatible. The most commonly used cultivars as pollinators are Chetoui, 
"Besbessî" and "Picholine Languedoc". Its fruits are good, they mature early 
but they have reduced oil contents. This cultivar is resistant to salinity but 
sensitive to drought and calcareous soils. 
 
Experimentation 
 Culture was conducted in a greenhouse under hydroponic NFT mode 
(Nutrient Film Technique), which has the advantage to better control the 
mineral nutrition of plants, as well as the pH of the root zone, to maintain the 
availability of trace elements, present in the solution and to eliminate drought 
problems. 
 Firstly, young olive plants were transferred from their original 
substrate to pots, containing a mixture of two inert substrates: perlite and 
sand, in the proportions of 2/3 and 1/3 respectively. The addition of sand was 
adopted to increase the capillary, ensure easier ascent of water and 
ameliorate its retention. While, the presence of perlite increased the porosity 
and allowed a good ventilation for roots. A control solution (C) was prepared 
according to Hoagland and Arnon (1938).  
 This solution had been tested on the olive tree by several authors, 
such Hatmann and Brown (1965), Braham (1997), Boussadia et al. (2008, 
2010) and Saidana et al., (2004, 2006 and 2009) .It contained macro and 
micro elements necessary for an optimal growth. Four other solutions were 
prepared by eliminating one major element such as nitrogen (N), phosphorus 
(P), potassium (K) and magnesium (Mg).  
 Fertilization took place with these prepared recycled nutritive 
solutions. For each treatment, 30 plants were tested: 15 for the cultivar Meski 
and 15 for the cultivar Chetoui (Figure 1). 
 Electrical conductivity and pH were continuously controlled and 
corrected. For all treatments, the conductivity was maintained approximately 
at 0.92 mS/cm and the pH fluctuated between 5.8 and 6. The correction of 
the electrical conductivity was done, either by adding the nutrient solution to 
increase its value, or in some cases, by the addition of a distilled water to 
decrease it. The pH was checked and corrected by the addition of H2SO4 or 
NaOH 
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Figure 1. Experimental Station 
 
Mineral Diagnostic  
 In order to clarify the effect of certain major component deficiencies 
on the absorption of nutrients and their distribution in the different organs of 
the olive tree, we followed changes in nitrogen, potassium, magnesium and 
calcium contents. 
 To determinate the total nitrogen, Kjeldahl method was used (Martin-
Prével et al., 1984). 
 The total N concentration was calculated according to the following 
formula:                                             N% = n/(10xP); where n is the volume 
in ml of the titrating solution and P is the sample in grams. 
 The dosage of K, Na and Ca was carried out by flame spectrometer. 
The spectral emissions of these ions were measured and compared to those 
obtained from calibration synthetic solutions from 0 to 200 µg K/mL for 
potassium, 0 to 100 µg Na/mL for sodium and 0 to 10 µg Ca/mL for 
calcium. 
 The content of K, Na and Ca in % of dry weight was given by the 
following formula:  

                                 K, Na, Ca % =   N x D x V / 10 4 x P 
 The dosage of magnesium was carried out by atomic 
spectrophotometer at a radiation of 285.2 nm. Analysis solutions were 
diluted in lanthanum chloride which was dissolved in HCl (0.1 N). The 
optical density was compared to those of the calibration solutions, obtained 
by mixing a solution of pure Mg at 1 g/L with hydrochloric acid (0.1 N). The 
standard range of Mg was 0.2, 0.4, 0.6, 0.8 and 1 mg/L. 
 
Evaluation of Growth in Dry Weight 
 Olive trees were divided into root, stem and leaf fractions. The dry 
weight (DW) of shoot, leaves and roots was determined after drying at 70 °C 
for 72 h. 
 
 Determination of Starch Content 
 To evaluate the effect of the different stress levels on the synthesis 
and the distribution of starch in the olive woods and roots, Nielson’s method 
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was adopted (Braham, 1997). This method is based on the apparition of the 
blue color following the action of the iodine on the starch which is 
determined spectrophotometrically. 
 
Statistical Analysis 
 The data were processed by SPSS 10 in version 2.0, variance and 
means comparison were analyzed by the SNK method (Student-Newman-
Keuls). 
 
Results and Discussion  
Effect of The Nutritional Stress on Mineral Absorption of The Olive 
Tree  
Nitrogen content variation 
 The nitrogen in the control treatment plants seemed slightly deficient 
compared to the values mentioned by De Monpezat and Denis (1999) and De 
Monpezat et al. (2000) during the winter dormancy (February), but it was in 
the standard norms during curing core (June and July). For all treatments, 
maximum values were recorded in the spring, indicating an important 
physiological activity, with an increased consumption of nitrogen (Figure 2). 
These results corroborated those of Garcia et al. (1992), Denis and Afidol 
(2000), and Bustan et al. (2013) who reported an increase in nitrogen 
consumption via two peaks of high demand, the first in starting vegetation 
and the second in flowering stage. 
 The varietal comparison revealed that nitrogen levels were 
significantly higher in Chetoui than in Meski for all treatments. In addition, 
the statistical analysis showed a significant difference in the nitrogen 
contents of plants deprived for nitrogen and witness, in the both cultivars 
Chetoui and Meski. A reduction of 46.64 and 42.67 % was mentioned 
respectively. 
 The imbalances in the levels of P, K and Mg seemed to have bad 
effects on the nitrogen absorption. Indeed, there was a decrease in the 
nitrogen content of 6.15, 4.59, 11.46 and 9.00, 9.55, 14.87%, following the 
privation of P, K and Mg, respectively in Meski and Chetoui. Therefore, the 
removal of magnesium from the nutrient solution had the most serious effect 
on the absorption of nitrogen. The effect of the phosphorus privation on 
nitrogen absorption was confirmed by Hartmann and Brown (1953), 
indicating that a marked deficiency in P leaded to an abnormally low level of 
N, while P fertilization increased this level.  
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Figure 2. Evolution of total nitrogen concentration of Meski and Chetoui cultivars under five 

nutritional levels (C, P, K, Mg and N) 
 
Nitrogen content distribution 
 The accumulation and the distribution of nitrogen shown in figure 3 
seemed to be strongly affected by the different applied deficiency levels. 
After three months of experimentation, a strong accumulation of nitrogen 
was noted in roots of the both experienced cultivars deprived for nitrogen. 
The nitrogen accumulation in the roots was approached to that of the leaves, 
which resulted a significant increase of dry weight of the underground part in 
order to the aerial part one. However, at the end of the test, the distribution of 
nitrogen into the underground part decreased and vanished; root growth 
seemed to be probably strongly affected. 
 Similarly, the potassium privation in the nutrient solution limited the 
nitrogen level in the treated plants. This effect increased over time, and was 
particularly noticeable in the underground part. In fact, a nitrogen content 
reduction of 23 and 16% was observed in the roots of both cultivars Meski and 
Chetoui, respectively after three months of testing. This reduction increased and 
the nitrogen content vanished in the roots at the end of the test. This result 
confirmed the low root development in plants deprived of potassium. The test 
duration appeared sufficient to detect the potassium privation effect on the 
development of the cultivar Meski roots. It is important to keep this test trying to 
see the result of this effect on the cultivar Chetoui. 
 Following the phosphorus privation treatment, the cultivar Meski 
appeared more sensitive, with nitrogen-free root content. Unlikely, the 
cultivar Chetoui showed a decrease of 27.77%, compared to the control, at 
the end of the test. 
 The effect of magnesium deprivation seemed slightly marked on the 
nitrogen uptake comparatively to the effect of the other nutritional levels. In 
fact, we noted a decrease of 7.6% in the nitrogen content of Chetoui roots 
and 15% in that of Meski woods. 

Meski Chetoui 
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Figure 3. Evolution of total nitrogen distribution in the different organs (leaves, woods, 

roots) of Meski and Chetoui cultivars under five nutritional levels (C, P, K, Mg and N) 
 
Potassium content variation 
 The variations in potassium concentrations under five nutritional 
levels, for the both cultivars Meski and Chetoui, were presented in figure 4. 
In both cultivars, the foliar potassium content in the treatment (K) was 
absolutely the lowest. Indeed, the leaf content of this element fell 
significantly as 20.25% for Meski and 19.43% for Chetoui, comparatively to 
the control. 
 The highest foliar potassium content was recorded for the treatment 
(Mg), both in Meski and Chetoui. This suggested an antagonism for these 
two elements, in accordance data reported by Gonzalez and Troncoso (1972). 
Despite the loss of phosphorus, Meski and Chetoui presented foliar 
potassium contents similar to those of the witness.  
 Once more, it is important to note, in April, an increase of foliar 
potassium content was similarly noted for all applied treatments on the both 
cultivars. Boulouha and Elboustani (1995) explained that in such time, the 
potassium accumulation tendency was to avoid the metabolism orientation 
towards the synthesis of amino acids which are not favorable to the floral 
induction. 

 
Figure 4. Evolution of potassium concentration of Meski and Chetoui cultivars under five 

nutritional levels (C, P, K, Mg and N) 
 
Potassium content distribution 

The evolution of K distribution in the leaves, woods and roots, 
represented in the figure 5, showed that, in the case of the treatment (K), the 
decrease in the accumulation of the potassium, was widespread in the 

Meski Chetoui 

Meski Chetoui 
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different parts. This relative decrease was more pronounced in roots than in 
woods. The allocation of this major element to the roots appeared limited by 
the nutritional stress. Indeed, there was a decrease of 27.65 and 40.4% 
respectively in the root growth of the cultivars Meski and Chetoui. While, 
decreases of 12.76 and 24.75% were unregistered respectively in the wood 
dry weights of these cultivars. Consequently, after the leaves, the 
accumulation of K seemed to be principally in woods. 
 After treatment (Mg) and contrary to what is obtained for (K), we 
noted an increase of the potassium accumulation in all organs of both 
cultivars. This increase was 17.14, 23.68, 21.05 and 28.75, 10.25, 8.04% 
respectively in the roots, the woods and the leaves of Meski and Chetoui. For 
this treatment, the potassium accumulation appeared principally to occur in 
the woods of the cultivar Meski and in the roots of the cultivar Chetoui. 
 

 
Figure 5. Evolution of potassium distribution in the different organs (leaves, woods, roots) 

of Meski and Chetoui cultivars under  five nutritional levels (C, P, K, Mg and N) 
 
Magnesium content variation  
 The evolution of the magnesium foliar content, shown in figure 6, 
seemed affected by the nutrient imbalance applications. For both cultivars, 
the foliar magnesium content in the control treatment remained in standard 
values during winter dormancy (0.12 to 0.14% in February) and during the 
pit hardening (0.08 to 0.10 in June and July). The lowest magnesium foliar 
content was recorded following the magnesium privation treatment, with 
decreases of 12.68 and 6.7% respectively for Meski and Chetoui. 
 Potassium deficiency appeared to induce an excess of magnesium 
content, illustrated by an increase of 3% in the cultivar Meski and 3.67% in 
the Chetoui. This result seemed to confirm that of Gonzalez Troncoso 
(1972). 
 A slight increase in the magnesium content was noted following the 
phosphorus private treatment in both tested cultivars, which seemed to differ 
from the results discussed by Brown and Hartmann (1953), according to 
them, a marked deficiency in P leaded to abnormally low levels of Mg. 
 Similarly, the nitrogen deprivation seemed to increase the foliar 
magnesium content. According to Garcia et al. (1992), the levels of 

Meski Chetoui 
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magnesium were associated with soil fertility, while climatic factors had not 
effect. 

 
Figure 6. Evolution of magnesium concentration of Meski and Chetoui cultivars under five 

nutritional levels (C, P, K, Mg and N) 
 
Magnesium content distribution 
 The accumulation and the distribution of magnesium in the different 
organs of both tested cultivars Meski and Chetoui were shown in figure 7.  
 In response to the magnesium privation, it appeared that the leaves 
were the first affected, the magnesium content reduction was then 
generalized in the different organs of the olive trees, it was respectively 
27.84, 46.59 and 10.37 in the leaves, the woods and the roots of the cultivar 
Meski and 37.03, 17.64 and 28.65 in those of the Chetoui. 
 Nutrient imbalances in potassium and in nitrogen exerted early 
effects on the magnesium contents. Concerning the whole plant, increases of 
12.00, 22.89 and 13, 18.34% were already registered, respectively in both 
cultivars Meski and Chetoui in the first months of the experimentation, which 
demonstrated the existence of an antagonism between N, K and Mg and 
synergy between N and K. 
 Following the application of the treatment (P) and concerning the 
whole plant, an increase in Mg contents was recorded in both cultivars, but at 
the end of the test and in the cultivar Meski a decrease of Mg concentrations 
was noticed in the roots. It will probably widespread in the rest of the organs 
if the test continues, which may confirm the results described by Hartmann 
and Brown (1953). 

 
Figure 7. Evolution of magnesium distribution in the different organs (leaves, woods, roots) 

of Meski and Chetoui cultivars under five nutritional levels (C, P, K, Mg and N) 
 

Meski Chetoui 

Meski Chetoui 
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Calcium content variation 
 Calcium is a structuring element of plant tissue, firstly by its binding 
power and its capacity for coordination between macromolecules and 
secondly with the stability and reversibility of its bonds at the cell membrane 
(Marschner, 1995). According to Huglin (1986), it has the highest levels 
comparatively to the other cations, with low absorption kinetics compared to 
the potassium (Mengel and Kirkby, 1987). 
 Under the five levels of the nutritional stress, changes in foliar 
calcium in the both studied cultivars were represented in the figure 8. 
 For both cultivars, the foliar calcium contents for the control 
treatment remained in standard values, between 1.75 and 2.25%, and the 
same for the woods. Differently, calcium levels were higher in the roots. 
Their values were 1.94% for the cultivar Meski and 1.36 % for the Chetoui, 
while the standard values varied in the range of 0.8 to 1.0%. In this fact, 
despite the importance of the calcium root uptake, both cultivars seemed to 
settle their calcium content in both leaves and woods. 
 Varietal comparison showed no significant differences in the 
concentrations of calcium, but the comparison inter-treatments led to a 
significant effect. 
 Statistical analysis revealed a significant difference between the 
control and treatment (Mg) for the cultivar Meski, this result confirmed the 
existence of a competition between calcium and magnesium. 
 Concerning the cultivar Chetoui, there was a significant difference 
between calcium contents in the treated olive trees private (K) and those 
private (Mg).  
 Mg and K have an interaction with calcium. Indeed, in the absence of 
potassium, calcium became lower in olive trees private (K) than in control. 
In contrast, the removal of magnesium in the nutrient solution seemed to 
increase the foliar calcium content. 
 The interaction between the elements, calcium, potassium and 
magnesium had been reported by several authors, Hartmann and Brown 
(1956), Gonzalez and Troncoso (1972), Garcia et al. (1999), according to 
whom, calcium absorption is influenced by the presence of other cations, 
essentially magnesium and potassium which can create significant 
competition according to the plant request.In the case of the treatment (N), 
foliar calcium content seemed to be low, in the order of 0.93% for Meski and 
1.01% for Chetoui. This result leaded us to assume the existence of a 
synergy between nitrogen and calcium.  
 Kirkby and Knight (1977) and Graham (2001) had confirmed it. 
Indeed, according to Coïc (1963) and Graham (2001), this correlation was 
related to the form assimilable of nitrogen in the soil solution or nutrient 
solutio (hydroponics).In the case of treatment (P), the calcium foliar content of 
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both cultivars Meski and Chetoui took high values, but not significant 
comparatively to the control at the level of 5%. Contrarily, Gavalas (1973) 
affirmed that a marked P deficiency leads to abnormally low levels of calcium. 

 
Figure 8. Evolution of calcium concentration of Meski and Chetoui cultivars under five 

nutritional levels (C, P, K, Mg and N) 
 
Calcium content distribution 
 Shown in the figure 9, the distribution of calcium in the various 
organs of both cultivars Meski and Chetoui appeared to be strongly modified 
by the nutritional stress. In this context, there was an increase of 13.14 % in 
the calcium levels in the wood of the cultivar Meski for (Mg) treatment, 
comparatively to the control, and a decrease of 24.49% in its roots. While, an 
increase of 63.46%, in the calcium rate of the cultivar Chetoui roots was 
recorded, and only 39% in the wood of this cultivar comparatively to the 
control. The accumulation of Ca seemed to be mainly in the roots of the 
cultivar Chetoui and in the woods of the cultivar Meski. This result was 
similar to that obtained in treatment (P). In this fact and comparatively to the 
control, there was an increase of 29.35% in the calcium rate, in the woods of 
the cultivar Meski and a decrease of 7.84 % in its roots, and an increase of 
34.22% in the calcium rate in the wood of the cultivar Chetoui and 50.63% 
in its roots. 
 For treatment (K), the accumulation of Ca seemed to be mainly in the 
roots for both studied cultivars. 
 Concerning the treatment (N), there was a significant decrease in 
calcium levels either in woods or roots of the cultivars Meski and Chetoui. 
The result seemed to be consistent with that found in peach by Graham 
(2001). This author noted that the levels of Ca in leaves, roots and woods 
were all significantly decreased according to the decrease of the ratio NO3-N 
/ NH4+-N (percentage of total nitrogen) in the nutrient solution. 
 From all these observations we conclude that the mode of distribution 
of Ca varied depending on the cultivar and treatment. The statistical analysis 
of cultivar and treatment effects was highly significant at 5%. Similarly, the 
interaction between these two factors was highly significant at this level. 

Meski Chetoui 
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Figure 9. Evolution of calcium distribution in the different organs (leaves, woods, roots) of 

Meski and Chetoui cultivars under  five nutritional levels (C, P, K, Mg and N) 
 
Sodium content variation 
 The variation in leaf sodium content in different types of nutrient 
stress was shown in the figure 10, respectively for the two cultivars Meski 
and Chetoui. The representative curves showed values higher than those 
reported by Loussert and Brousse (1987). According to these authors the 
sodium content varied in the range of 0.012 to 0.28%, while the values 
recorded for the both studied cultivars exceeded this limit and varied from 
0.18 to 0.39%. This result can probably be explained by a rise in the 
concentration of the nutrient solution, in view of the intense evaporation, 
hardly controlled caused by the high temperature in the greenhouse culture at 
that time. 
 The statistical study does not provide a significant difference between 
treatments and even for treatment (K), the result seemed different from what 
is found on the vine "Black Grenache" by Ezzilli (1996), who reported that 
in Tunisia, in a dry year, an accumulation of sodium in the leaves of this 
plant accompanied the decrease in potassium. Olive tree, whether it is the 
cultivar Meski or Chetoui, avoided in this case, leaf sodium accumulation 
caused by a decrease in the rate of potassium and then seemed to be more 
tolerant to the stress. 
 Recall that sodium is an element to which plants show only a very 
little need; indeed it can enter in cells, which however tend generally to 
repress it. 
Several crops tolerate well the sodium, either because of its low 
concentration in the phloem, case of cereals (Zid 1983), or by effective 
vacuolar compartmentalization. 

 

Meski Chetoui 

Meski Chetoui 
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Figure 10. Evolution of sodium concentration of Meski and Chetoui cultivars under five 
nutritional levels (C, P, K, Mg and N) 

 
Sodium content distribution 
 The distribution of sodium, shown in the figure 11, indicated that the 
olive tree seemed to be resistant to salinity despite deprivation of the main 
major elements such as nitrogen, potassium, magnesium and phosphorus. 
The sodium foliar content in treated plants was practically the same as that of 
control treatment. 
 Sodium levels in the leaves, woods and roots followed an increasing 
gradient. So, this species seemed arrive to minimize sodium accumulation in 
leaves and concentrate it in its underground parts.  
 We note, in the control treatment of the cultivar Meski, a sodium 
accumulation of 0.55% was noted in the roots, 0.39% in the woods and 0.38 
% in the leaves. For Chetoui this accumulation was 0.63% in the roots, 
0.35% in the woods and 0.28% in the leaves. Then, we deduce that the 
cultivar Chetoui appeared more resistant to salinity than Meski by 
minimizing the maximum leaf sodium accumulation. 

 
Figure 11. Evolution of sodium distribution in the different organs (leaves, woods, roots) of 

Meski and Chetoui cultivars under five nutritional levels (C, P, K, Mg and N) 
 
The Nutritional Stress Effect on The Dry Weight Accumulation and 
Distribution 
The nutritional stress effect on the growth in dry weight 
 The nutritional stress effect on the accumulation of total dry weight 
(DW) was shown in the following tables 1 and 2. 
 The control plant of the cultivar Meski showed an important increase 
in DW after the first 3 months, reaching 47.71%, while the DW of the plants 
subjected to treatment (P), (K) and (Mg) were respectively 8.82, 29.11 and 
25.74%, representing thus 18.48, 61.02 and 53.94% comparatively to the 
control.  
 Consequently, plants deprived of phosphorus seemed to present the 
minimal growth. Meski cultivar appeared to be most sensitive to the lack of 

Meski Chetoui 
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P, during 80 days of experimentation; then its sensitivity decreased with 
treatment (Mg) and (K). 
 Similarly, in the absence of nitrogen, the total DW was strongly 
affected, then there was a complete inhibition of growth, the plants have a 
low DW representing only 34.52% of that of the control treatment; so, the 
effect of the nitrogen lack was both early and also significant at 5%. This 
result was consistent with what had been widely discussed in the literature: 
Ramalho et al., (1999) and Vos et al., (2005) suggested that the 
photosynthetic capacity of leaves was strongly dependent on the nitrogen 
nutrition under strong illumination.  
 A good nitrogen supply promoted the functioning of photosynthesis 
and therefore plant growth, while nitrogen privation reduced the number and 
size of leaves, shortened the growing period and slowed down the 
transmission rate and leaf expansion. 
 The comparison between treatments, along 5th month of 
experimentation, revealed a significant difference between plants receiving a 
complete nutrient solution and plants deprived of magnesium. The total dry 
weight of plants deficient in magnesium represented only 25.19% of that of 
the control. Indeed, the effect of magnesium deprivation was late and 
became significant at the fifth month of the experimental period. 
 During the first three months, the total dry weight of Chetoui plants 
increased by 24.46%, comparatively to the control treatment. While, DW of 
plants deprived (P), (K), (Mg) or (N) were respectively 6.32, 27.61, 39.58 
and 8.29%. Nitrogen and phosphorus seemed to be the both main factors that 
can greatly affect the general growth of the treated plants, which confirmed 
their essential role in the growth and the development of plants. The 
reduction of the plant growth attended, in the treatment (P), 74.16%, and in 
the treatment (N) 66.10%, comparatively to the control treatment. At the end 
of the test, this reduction became only 34.56% for the first treatment and 
43.56% for the second. 
 After fifth month of (Mg) privation, the cultivar Chetoui already 
succeeded to tolerate the imposed stress. Indeed, no significant differences in 
dry weight comparatively to the witness was noticed for this treatment but 
the effect was only limited to a presence of slowed growth. 
 Comparing at the end of the test the growth in DW of both studied 
cultivars with the witnesses, we can suggest for both a sensitivity grid 
against these nutritional stress levels and in descending order respectively: 
the absence of magnesium and nitrogen, phosphorus and finally potassium 
for the cultivar Meski and nitrogen, phosphorus, potassium and magnesium 
for the cultivar Chetoui. Therefore, the varietal difference is highly 
significant (at 5%). 
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Table1. Average of Meski cultivar dry weight in gram 

 
Table 2. Average of Chetoui cultivar dry weight in gram 

 
The nutritional stress effect on the dry weight distribution 

The evolution of the dry weight distribution in the different parts of 
the tree, according to the applied treatment, was represented by the figure 12.  
It showed that for the cultivar Meski and in the absence of nitrogen, the 
distribution of dry weight to the root part became increasingly important. At 
the end of the test, the level of root growth reached 21.92%, which 
represented an increase of 16.65% more than that in the control treatment.  

This result had been confirmed by several authors such as Michaud 
and Yelle (1994), and Limami Ameziane (1997). These researchers reported 
that a limited supply of nitrogen in the culture medium promoted allocation 
of carbon from leaves to roots. 

 
Figure 12. Evolution of the dry weight distribution in the different organs (leaves, woods, 

roots) of Meski and Chetoui cultivars under five nutritional levels (C, P, K, Mg and N) 
 
 Concerning the treatment (P) and in the first months of the 

experiment, a highly significant decrease of root growth was recorded for the 
cultivar Meski, since the dry weight of the underground part was only 
29.45% comparatively to the control. Growth represented then only 10.67% 
compared to that of the control. At the end of this test, root dry weights 
increased 39.84%. It is then found that phosphorus is a growth factor that 
acts specifically on the development of the root system, its action is 
especially important in young stages. 

 C P K Mg N 
February 45.03 45.03 45.03 45.03 45.03 

April 86.13 49.39 63.53 60.64 29.73 
July 144.10 85.10 73.10 36.30 45.00 

 C P K Mg N 
February 27.16 27.16 27.16 27.16 27.16 

April 35.96 29.00 37.53 44.96 29.62 
July 103.00 67.40 115.70 88.60 58.00 

Meski Chetoui 
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 For the cultivar Chetoui, at the end of the experiment and in the 
absence of nitrogen, the root growth was 45.39%, its dry weight was equal to 
89.60% of that of the root part of the witness. While the aerial part dry 
weight was only 53% compared to the control. The root part was then the 
largest and the most developed. 
 Unlike the cultivar Meski and under the nutritional level (P), the 
cultivar Chetoui presented a significant root growth, almost similar to that of 
the control, which leaded to assume that at the root level, the cultivar 
Chetoui remained the most tolerant to a deprivation of phosphorus. 
 The absence of magnesium in the nutrient solution for 6 months had 
limited significantly the growth in dry weight. This reduction was 
generalized in all Meski organs, a decrease of 85.58% was noted in the 
leaves, 69.18% in the woods and 71.36% in the roots, comparatively to the 
control. This result differed from that found in Chetoui, where the lack of 
magnesium does not mark any significant difference with the control at the 
level of 5%. 
 Following the lack of potassium in the nutrient solution, a growth 
reduction of 49.27% was recorded in the treated plants of the cultivar Meski, 
comparatively to the control. This reduction was 70.23% in the roots, 
34.97% in the woods and 46.26% in the leaves. So, the roots seemed to be 
the most affected by the absence of potassium. 
  This result confirmed the beneficial role of potassium in the 
resistance to water stress. Indeed in the absence of potassium, the root 
system is poorly developed, which limits its ability to absorb the maximum 
amount of water required to satisfy the needs of the tree. Contrarily, the 
cultivar Chetoui showed a good resistance to stress during the testing period. 
 The general aspect of Meski and Chetoui cultivars was described 
following the different nutritional levels in the illustrations 1 and 2. 

     
 
 Illustration 1. General aspect of Meski cultivar under five nutritional 
levels (C, P, K, Mg and N) 
 C: significant growth of the trunk, which presents several shoots. 
 P: small plant showing a significant drop in terminal leaves. 

C P K Mg N 
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 K: languid vegetation with stunted appearance leaves, especially 
those of the extremities and therefore a plant sparse top. 
 Mg: general reduction in plant growth, followed by a significant fall 
and death of young shoots (the fourth shoot) 
 N: significant reduction in growth, with little ramification and 
marked defoliation mostly of the older leaves (the second branch in the 
right). 

     
 
 Illustration 2. General aspect of Chetoui cultivar under five nutritional 
levels (C, P, K, Mg and N) 
 C: important extension of the trunk. Shoots well developed. 
 P: no trunk extension with significant fall leaves 
 K: Reduce trunk growth. Leaves with vertical position, to minimize 
luminance reception and escape the desiccation imposed by the absence of 
potassium 
 Mg: trunk elongation reduction. Developed foliage but with a sickly 
appearance 
 N: no trunk development and a sharp reduction in overall plant 
growth. Dull and sparse foliage caused by a significant leaves fall, especially 
the oldest one. 
 To better illustrate the effect of nutritional stress on the distribution 
of dry weight in the different plant organs, the distribution ratio (DR) was 
determined.This was the ratio of the dry weight of the aerial part (leaves and 
woods) and the dry weight of the underground part. The results, shown in the 
figure 13, indicated that this ratio was strongly affected by the nutritional 
stress which acted differently depending on the concerned cultivar. 
The cultivar Chetoui had the higher ratio. This was due to the low dry weight 
accumulation in the root part of the cultivar Chetoui. 
 The DR of the Meski control seemed to be low during the 
experimental period, reflecting the importance of the root part in relation to 
the aerial one. Contrary to this report, the DR of the treatment (P) was 
important during the first three months, the translocation of dry weight from 
the aerial part to the roots, steeled low. 

C P K Mg N 
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 For other nutritional levels, a considerable increase of 23.01, 51.57 
and 50.09% was recorded for the treatments (N), (Mg) and (- K), 
comparatively to the control. The underground part of plants deprived for 
nitrogen was then the largest, comparatively to that of the other treatments, 
by presenting the lowest ratio. 
 The cultivar 'Chetoui" presented similar distribution ratios for 
treatment (K), (P), (Mg) and (N), their aerial parts were less developed than 
those of the control treatment plants. 

 
Figure 13. Evolution of the ratio of aerial and underground parts dry weight of Meski and 

Chetoui cultivars under five nutritional levels (C, P, K, Mg and N) 
 
The Nutritional Stress Effect on the Starch Accumulation and 
Distribution 
 The starch rate and its distribution in the woods and the roots under 
different levels of nutrient stress were shown in the figure 14. 
 The treatment which had the greatest effect and modified greatly the 
starch content was the nitrogen privation treatment. This effect was relatively 
similar in the two studied cultivars, but with a different distribution. Indeed, 
in the woods, the increased accumulation of starch in plants of both cultivars 
Meski and Chetoui was 3.9 times that of the control, however, in the roots, 
this increase was only 41, 66% in the cultivar Meski and 83.2% in the 
Chetoui. 
 The translocation of photo-assimilates to the roots seemed to be much 
higher in the cultivar Chetoui than Meski. Varietal difference was highly 
significant at 5%. Nitrogen occurs a decisive role in the carbon assimilation 
and distribution of photo-assimilates between aerial and underground organs, 
which were widely discussed in the literature. 
  Limami and Ameziane (1997) reported that the allocation of photo-
assimilates to roots increased when the availability of nitrate in the medium 
decreases.  
 Rufty et al. (1988) reported that nitrogen starvation also increased the 
carbohydrate content of the tissues especially in the roots. 
 By analyzing the results related to treatment (P), two observations 
could be identified:The rate of starch was higher in the cultivar Chetoui than 
in Meski. An increase of 38.36 % in the woods and 4.73% in the roots of the 

Meski Chetoui 
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Chetoui were noted, comparatively to the control. However, in the Meski the 
accumulation of starch was only 97.83% in the woods and 76.89% in the 
roots.The distribution of starch between aerial and underground parts seemed 
to be considerably in the woods than in the roots of both studied cultivars. 
 The treatment (K) didn’t affect the rate of the starch in the woods of 
the cultivar Meski in a significant way. This concentration was 94.37% 
comparatively to the control. In contrast, in roots, there has been a significant 
decrease of 29% comparatively to the control. This reduction can be 
explained by a gradual slowing of the translocation of assimilates fault of the 
absence of potassium. 
 This fact corroborates the observations of Michaud and Yelle (1994), 
whose confirmed the existence of a significant influence of the potassium on 
the source-sink relationships. Indeed, in the presence of a nutritional 
deficiency, there is increasing amounts of abscisic acid which in turn exert a 
major influence during the unloading of assimilates. Potassium deficiency 
causes a migration and a storage inhibition of carbohydrates in storage 
organs. 
 The results, after treatment (K) for the Chetoui, seemed consistent 
with those found for Meski but with higher concentrations. In fact, in the 
Chetoui woods, there was an increase of 14.33% comparatively to the 
control. However, the rate of starch in the roots was only 95.44% of that of 
the control treatment. 
 Magnesium deficiency affected greatly the rate of starch. Indeed, 
receiving for six-months a nutrient solution deprived of magnesium, the 
treated plants of both cultivars Meski and Chetoui could no longer synthesize 
carbohydrates. Starch concentration vanished at the end of the test and starch 
was not stored. This leads us to deduce the importance of magnesium in the 
synthesis and the reservation of carbohydrates and confirm what is reported 
about this in the literature. 

 
Figure 14. Evolution of the starch distribution in the woods and roots of Meski and Chetoui 

cultivars under five nutritional levels (C, P, K, Mg and N) 
 
 

Meski Chetoui 
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Conclusion 
 The cultivar Meski seemed to be more sensitive to nitrogen 
deficiency and had the minimum dry weight growth. Such sensitivity was 
comparable to that caused by magnesium deprivation, but seemed to 
decrease respectively with the phosphorus and the potassium. 
 It is important to note that the effects of the lack of nitrogen and 
phosphorus on the growth in dry weight seemed to be early, while those due 
to the loss of magnesium and potassium seemed to be late. 
 Deprivations of P, N, Mg and K have the same effect on both 
cultivars but with a time lag for the cultivar Chetoui. 
 To better identify the organ, which showed clearly the effect of the 
imposed nutritional losses, the distribution of dry weight in the different 
organs of the olive tree was studied. Removing nitrogen seemed to favor the 
allocation of carbon from leaves to roots, reflected by a low report of the dry 
weight of the aerial part /underground part. The effect of deprivation of 
phosphorus was showed particularly on the development of the roots part but 
unlike private nitrogen, this part showed a reduced sparse and was poorly 
developed. 
 The mineral diagnostic study, during the nutritional deficit, showed a 
huge modification of the mineral nutrition of the olive tree, both the cationic 
and the anionic one with variation degrees for the two studied cultivars. The 
obtained results allow us to highlight some heterogeneity in the distribution 
of major mineral elements within compartments of the tree and infer 
synergistic and antagonistic actions reinforced by the imposed nutritional 
stress. 
 Deprivation of phosphorus and magnesium conducted to abnormally 
low levels of nitrogen. On the other hand, the lowest potassium levels were 
recorded for the privative nitrogen treatment. Deficiencies in nitrogen and 
potassium appeared to cause synergistically the installation of a water deficit. 
The highest potassium levels were obtained in contrast after treatment 
without magnesium, showing the antagonism between the actions of these 
two elements. 
 The calcium absorption appeared to interact with the contents of 
potassium, magnesium, phosphorus and nitrogen of the treated plants. In the 
absence of potassium or nitrogen in the nutrient solution, the rate of calcium 
decreased relatively to the control, while it increased following the removal 
of magnesium and phosphorus. Such modifications of macro element 
contents, as well as their distribution in the different organs of the 
experienced plants underlined structural and chemical changes that may have 
more or less a direct impact on the physiology of the plant. 

 To better understand the effect of nutritional stresses on the 
metabolism of the two tested cultivars, a study of the starch rate evolution 
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was conducted according to the different nutritional levels. Nutritional stress 
seemed to have a great influence on the source-well translocation. Starch 
contents showed an increase, whose importance varied according to the 
considered treatment. So, due to the lack of nitrogen in the nutrient solution, 
starch contents were intensely high, indicating an important adaptation 
mechanism and a better reservation against the stress. 

 This result is very interesting because it can provide explanations for 
the high proportion of the dry weight produced in the roots of stressed plants. 
Magnesium deficiency had greatly affected the levels of starch, it completely 
inhibited its synthesis and its reserve and thus caused a significant 
weakening of the growth and the development of the deficient plants. 
 
References: 
Bartolini G., Prevost G., Messeri C., 1998. Olive Germplasm: Cultivars 
andWorld-Wide Collections, FAO, Rome. 
Boulouha B., Elboustani E., 1995. Variation saisonnière des teneurs 
potassiques des jeunes feuilles et leur implication dans l’alternance de 
production d’Olivier du Cv. « PicholineMarocaine ». Olivae,  55 :  40-41. 
Boussadia O., Ben Mariem F., Mechri B., Boussetta W., Braham M., Ben El 
Hadj S., 2008. Response to drought of two olive tree cultivars (cv Koroneki 
and Meski). Scientia Horticulturae, 116: 388–393. 
Boussadia O., Steppe K., Zgallai H., Ben El Hadj S., Braham M., Lemeur R., 
Van Labeke M.C., 2010. Effects of nitrogen deficiency on leaf 
photosynthesis, carbohydrate status and biomass production in two olive 
cultivars ‘Meski’ and ‘Koroneiki’. Scientia Horticulturae, 123: 336–342 
Braham M. 1997. Activité écophysiologique, état nutritif et croissance de 
l’Olivier (OleaeuropaeaL.) soumis à un déficit hydrique. Thèse de doctorat 
en Sciences agronomiques et biologiques appliquées. Université de Gand 
(Belgique). 247 p. 
De Monpezat G.,  De Monpezat P.,Veyrier F. 2000. Fertilization of 
Mediterranean soil with olive mill effluents: Monitoring of the effects on 
biological and chemical soil parameters and olive tree nutrition. XthInt. Coll. 
for Optimization of Plant Nutrition. CAIRO- EGYPT. 
De Monpezat G., Denis J.F. 1999. Fertilisation des sols méditerranéens avec 
des issues oléicoles. OCL, 6 (1): 63-68. 
Denis J., Afidol F., 2000.  Guide de fertilisation ; ed  Maisonneuve et Larose 
150 p. 
DGPA, 2011. Direction Générale de la Production Agricole. Tunis (Tunisie). 
Ezzili, B., 1996,  Influence des Gibberellines sur la fertilité et la teneur en 
éléments minéraux des feuilles du cépage Grenache noir (Vitisvinifera 
L.) = Effect of gibberellins on fertility and mineral content in leaves of black 
Grenache grapes (Vitisvinifera L.),  8 (23): 34-39. 



European Scientific Journal November  2014 edition vol.10, No.33 ISSN: 1857 – 7881 (Print)  e - ISSN 1857- 7431 

356 

Garcia M., De Monpezat P.,  De Monpezat G., 1992. Mineral nutrition of 
olive tree in south of France. Congress of Attempted geoclimatologicol 
explanation. Lisbon-Portugal. 
Garcia M., De Monpezat P.,  De Monpezat G., 1992. Mineral nutrition of 
olive tree in south of France. Congress of Attempted geoclimatologicol 
explanation. Lisbon-Portugal. 
Garcia M., De Monpezat P., De Monpezat G., 1992. Mineral nutrition of 
olive tree in south of France. Congress of Attempted geoclimatologicol 
explanation. Lisbon-Portugal. 
Gavalas N.A., 1973. Phophorus deficiency in field grown olive trees and 
reproduction of symptoms in water culture. Ann. de l’Institut de 
phytopathologie de Benaki, 10 : 342-353. 
Gonzalez G.F., Gatalina L., Sarmiento R., 1976. Aspectosbioquimicos de la 
floracion de l’Olivo, Variedad « Manzanillo » en relacion Con 
factoresnutricionales. 4eme Coll. Agrobial 29 : 5-6. Contrôle de l’alimentation 
des plantes cultivées ; Gand (Belgique). 
Gonzalez G.F., Troncoso A., 1972. Caracteresfisicos y quimicos de los 
suelosocupadospor el olivar( variedades de mesa) en la provincia de Sevilla. 
Relaciones con el estadonutrivo de la planta- IV. Ana. Edaf. Y Agrobiol. 
XXXI, pp 429-441. 
Gonzalez G.F.,Troncoso A., 1972. Caracteresfisicos y quimicos de los 
suelosocupadospor el olivar(variedades de mesa) en la provincia de Sevilla. 
Relaciones con el estadonutrivo de la planta- IV. Ana. Edaf. Y Agrobiol. 
XXXI, pp 429-441. 
Graham C.J., 2001. The influence of nitrogen source and aluminium on 
growth and elemental composition of Nemaguard peach seeding. J. Plant 
Nutrition, 24(3): 423-439. 
Hatmann H.T., 1985. Some responses of the olive to nitrogen fertilizers Proc. 
Amer. Soc. Hort. Sc. 72. 
Hatmann H.T., Brown J.G., 1953. The effect of mineral deficience on the 
grown leaf appearance, and mineral content of young olive trees.Hilgardia 22 
(3): 119-130. 
Hatmann H.T., Brown J.G., 1958. L’effet de certaines carences minérales sur 
la croissance, l’aspect des feuilles et la composition minérale des jeunes 
Oliviers. Traduction et poycopie, Service de l’Horticulture, Rabat (Maroc), 
21, 10p. 
Hoagland, D.R., Arnon D.I., 1938. The water-culture method for 
growingplants without soil.California Agricultural Experiment Station 
Circular347. Berkley, CA: University of California. 
Huglin P., 1986. Biologie et écologie de la vigne. Editions Lavoisier TEC et 
DOC Paris France, 371p. 



European Scientific Journal November  2014 edition vol.10, No.33 ISSN: 1857 – 7881 (Print)  e - ISSN 1857- 7431 

357 

Karray B., Msallam M., Ksantini M., Mahjoub Boujnah D., Grati Kamoun 
N., 2010. Programmes et acquis de recherches pour la rénovation de la filière 
huile d’olive et l’amélioration de ses performances. L’Institut de l’Olivier – 
Tunisie. 27 p. 
Kirkby E.A., Knight A.H., 1977. Influence on the level of nitrate on ion 
uptake and assimilation, organic acid accumulation, and cation-anion balance 
in whole tomato plants. Plant physiol., 60: 349-353. 
Limami A., Améziane R., 1997. Nutrition azotée (NO3) et distribution de 
carbone dans la plante. In: Assimilation de l’azote chez les plantes, ed 
Masson (France) pp 249-259. 
Loussert, R., Brousse, G., 1978. L’Olivier ; coll. Techniques agricoles et 
productions Méditerranéennes, ed Maisonneuve et Larose,  Paris.  pp 465. 
Marschner H., 1995. Mineral nutrition of higher plants. Second Edition, 
Academic Press, 889p. 
Martin-Prével, P., Gonard, J., Gautier, P., 1984. Méthodes analytique de 
référence. In:L’analyse végétale dans le contrôle de l’alimentation des 
plantes tempérées ettropicales. Edition Lavoisier TEC & DOC. 
Mengel K., Kirkby E.A., 1987. Principles of plant nutrition.4thédition, 
International Potash Institute, Bern Switzerland, 607 pp. 
Michaud D.,Yelle S., 1994. Translocation et relation source-puits, livre 
l’agronomie moderne, ed  Michel Guillou (France), pp 234-236. 
Ramalho J.C., Campos P.S., Quartin V.L., Silva M.J., Nunes M.A., 1999. 
High Irradiance Impairments on Photosynthetic Electron Transport, 
Ribulose-1,5-bisphosphate Carboxylase/ oxygenase and N Assimilation as a 
Function of N Availability in Coffea arabica L. Journal of Plant Physiology, 
154 (3): 319-326. 
Rufty T.W., Huber S.C, Volk R.J., 1988. Alternations in leaf carbohydrate 
metabolism in response to nitrogen stress. Plant physiol., 88 : 725-730. 
Saidana D., Braham M., BenEl Hadj S.,2004. Processus de croissance en 
relation avec des contraintes nutritionnelles d’Oleaeuropaea c.v. Meski  et 
Chétoui. Revue Ezzaïtouna, 10 (1): 60-80. 
Saidana D., Braham M., BenElhadj S., 2006. Réponse de jeunes Oliviers 
cultivés en pots à différents niveaux de stress nutritionnel : effets sur 
l’absorption minérale. Revuede l’INGREF, 8: 33-47.  
Saidana D., Braham M., Boujnah D., Ben Mariem F., Ammari S., Ben El 
Hadj S., 2009. Nutrient Stress, Ecophysiological, and Metabolic Aspects of 
Olive Tree Cultivars. Journal of Plant Nutrition, 32: 129–145. 
Vos J., van der Putten P.E.L., Birch C.J., 2005. Effect of nitrogen supply on 
leaf appearance, leaf growth, leaf nitrogen economy and photosynthetic 
capacity in maize (Zea mays L.). 93(1): 64-73 



European Scientific Journal November  2014 edition vol.10, No.33 ISSN: 1857 – 7881 (Print)  e - ISSN 1857- 7431 

358 

Wan-ze Zhu, Peng Zhou, Jing Xie, Guang Zhao, Zong-hua Wei, 2013. 
Advances in the pollination biology of olive (Oleaeuropaea L.). Acta 
Ecologica Sinica, 33: 64–71. 
Yang D.S., Guo H.X., Wang J.X., 2007. Cultivation and Development of 
Olive in Sichuan, Sichuan Science and Technology Press, Chengdu. 
Zid, E., 1983. Caractéristiques des voies  de transport à longue distance et 
leur implication physiologique, thèse de  Doctorat d’Etat en Sciences 
Naturelles (2éme thèse). Faculté des Sciences de Tunis.56p. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


