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ABSTRACT 

 The aim of the present investigation was to determine the effect of exogenously application of 
salicylic acid (SA) on growth and leaf nutrient content of olive seedlings picual cv. irrigated with 
saline water grow in shade house. Seedlings subjected during two growth seasons (2016-2017) to 
salicylic acid (SA) which applied as foliar and soil application at three concentrations (0, 200, and 400 
ppm) on olive seedlings cv. Picual grown under three levels of salinity (0, 2000, 4000 ppm). At the 
end of each growth season different vegetative growth parameters (plant height increment, leaf dry 
weight, leaves moist percentage, leaves no. and shoots no.) were determined. Moreover, leaf nutrient 
status were been estimated. Obtained results indicated that, vegetative growth parameters of olive 
seedlings cv. Picual show a negative response when irrigated with saline water up to 2000 ppm and 
increasing salinity in irrigation water from 2000 to 4000 ppm tended to significantly decrease 
vegetative growth parameters. Where, exogenous application of salicylic acid with 200 ppm (sparing 
+ soil application) on olive seedlings improved most vegetative studied parameters. Also, current 
study concluded that, exogenous application of salicylic acid on saline stressed picual olive seedling 
increased nitrogen and potassium content in leaves than untreated once. Whereas, no effect noticed of 
exogenous application salicylic acid on the percentage of phosphor content on leaves of saline 
stressed picual olive seedling.  
 
Keywords: : saline water, salicylic acid, antioxidants, foliar application, soil application, picual olive 
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Introduction 
 

Olive tree (Olea europaea L.) trees is considered as middling salt tolerant (Maas, 1986) and is 
usually cultivated in dry lands in semi-arid regions with Mediterranean climate, where infrequent and 
rare rainfalls led to decrease in the fruit yield. For that, application of irrigation programs in olive 
farms increasing yields and profits (Orgaz and Fereres, 2004). Irrigation olive orchids with high saline 
water are often being applied without looking to the negative effects on vegetative growth and 
productivity of olive tree. Plants response to high concentrations of salinity is complex and includes 
changes in morphology, physiology and metabolism process (Parida and Das, 2005). The effect of 
stress is usually recognized as a reduction in photosynthesis process and growth related with 
modification in nitrogen and carbon metabolism (Mwanamwenge et al., 1999). Olive tree tolerate salt 
stress by operating the mechanisms of salt-exclusion in the roots. Olive trees leaf are more sensitive to 
sodium than chloride, especially at high levels of salinity (Aragüés et al., 2005). Generally high levels 
of salinity reduce olive trees yield (Gucci and Tattini, 1997). 

It is well known that mineral nutrients acting antagonistically or synergistically may imbalance 
the nutrition of plants grown under saline condition. Higher absorption of sodium and chloride by 
plant tissues under salin condition caused shortage in most nutrients (Grattan and Grieve, 1999; 
Subbarao et al., 2003; Hu et al., 2005; Ashraf et al., 2010). Under saline conditions sodium induced 
blockage or reduced activity of membrane ion transporters which induced reduction in uptake of 
mineral nutrients. Also, potassium uptake is troubled by salinity subsequently reducing 
potassium/sodium ratio (Izzo et al., 1991; Subbarao et al., 1990). However, high potassium/sodium 
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ratio in plants grown under salt stress considered important selection criterion for salt tolerance (Shah 
et al., 1987; Reynolds et al., 2005).  

Plant hormones influence plant growth in different ways through a number of 
physiological/biochemical processes in plants exposed to abiotic and biotic stresses (Reymond and 
Farmer, 1998; Steduto et al., 2000; Ashraf et al., 2008, 2010). Exogenously application of salicylic 
acid considered main signal molecule implicated in both induction of systemic resistance and local 
defense reactions response of plants after salt stress (Loake and Grant, 2007).  Salicylic acid 
considered is one such plant growth regulators, which share in the regulation number of physiological 
proceedings in the plant (Dolatabadian et al., 2008; Ashraf et al., 2010). Interestingly, the majority of 
salicylic acid organize abiotic stresses in plants depending on antioxidative responses, which indicates 
that salicylic acid working as internal signal molecule that interacts with reactive oxygen species 
(ROS) signal pathways and could regulate physiological adaptation to some environmental stresses, 
including oxidation damage (Borsani et al., 2001). salicylic acid Protect plants from oxidative damage 
through increasing activity of antioxidant enzyme and decreasing level of reactive oxygen species and 
lipid peroxidation (Wang et al., 2006; Shi and Zhu, 2008; Sharhrtash et al., 2011). salicylic acid 
regulates some key plant functions such as stomatal functioning (Aldesuquy et al., 1998), ion uptake 
and transport (Glass, 1975; Kaydan et al., 2007), photosynthesis (Noreen and Ashraf, 2008), water 
relations (Barkosky and Einhellig, 1993), production rate and content of anthocyanin and chlorophyll 
(Khurana and Maheshwari, 1980). It also increases growth (Arfan et al., 2007; Ashraf et al., 2010).  

All these functions have a significant role in plant tolerance to salinity (Noreen and Ashraf, 
2008; Noreen et al., 2009; Dolatabadian et al., 2008; Abreu and Munne-bosch, 2009; Ashraf et al., 
2010). Inducing salt stress tolerance by using salicylic acid depends upon the concentration of 
salicylic acid applied (Noreen and Ashraf, 2008) or the developmental phase of plants (Borsani et al., 
2001). In view of all the above reports, the principal objective of the present study was to appraise 
whether varying levels of exogenously applied salicylic acid could alleviate the adverse effects of salt 
stress on growth, and leaf nutrient content in picual olive seedlings.  
 
Materials and Methods: 

This work was carried out in the experimental research shade house of National Research 
Centre, Dokki, Giza, Egypt during 2016- 2017. For this purpose, healthy one-year-old homogeneous 
self-rooted (40 cm) olive seedlings picual cv. produced through mist propagation system was used. 
The seedlings were planted in10 liter black polyethylene bags with 30 cm diameter fooled with 
washed sand mixed very well with peat moos (2:1, w/w), Olive seedlings were irrigated twice weekly. 
Picual olive seedlings were fertilized with recommended dose (1gm/seedling/week) of conventional 
fertilizers which add as crystalon (20:20:20 NPK). salicylic acid (SA) applied as foliar and soil 
application at three concentrations (0, 200, and 400 ppm) on olive seedlings cv. Picual grown under 
three levels of salinity (0, 2000, 4000 ppm) in irrigation water, Salt solution comprised from (3 NaCl: 
1 (1 MgCl2: 1 CaCl2). Treatments were arranged in randomized complete block design with five 
replicates for each treatment and each replicate was comprised of three seedlings. 

 
salicylic acid treatments Application method of salicylic acid 
First treatment Sparing with tap water + soil application with tap water 
Second treatment Sparing 200 ppm + soil application 200 ppm 
Third treatment Sparing 200 ppm + soil application 400 ppm 
Forth treatment Sparing 400 ppm + soil application 200 ppm 
Fifth treatment Sparing 400 ppm + soil 400 application ppm 

 
Salinity levels: 

1- Tap water (control) 
2- 2000 ppm 
3- 4000 ppm 
 At the end of September, plants of each treatment were removed genteelly with their root system 

to estimate and record the following data:   
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Vegetative growth parameters: 
1. Seedling height increment % which was calculated monthly after month of each spray and at 

the end of experiment (at the end of September). 
2. Shoots number per seedling. 
3. Leaves number per seedling. 
4. Leaves dry weight %. 
5. Leaves moist %. 

 
Leaves mineral content:   

Nitrogen (N) and phosphorus (P) in leaves were calorimetrically determined according to the 
methods described by Bremner, et al (1982), and Olsen and Sommers (1982), respectively. Potassium 
(K) was determined flame photometrically according to the method advocated by Jackson, et al 
(1970). 

 

Data Analysis:   
The average data of the two season were subjected to analysis of variance and the method of 

Duncan’s was used to differentiate means (Duncan, 1959). 
 
Result 
Effect of spraying and soil application of Salicylic acid on vegetative growth parameters of 
picual olive seedlings irrigated with saline water: 
 
1- Seedling height increment % : 

Data in Table (1) showed that using salicylic acid with spraying 200 ppm plus 200 ppm as soil 
addition gave the highest seedling across all salinity levels. On the other hand, control treatment 
(0ppm salicylic acid) gave the lowest plants compared with other treatments across all salinity 
treatments. The highest value of plant height was obtained with using 2000 ppm saline water with 
insignificant differences between control and 2000 ppm salinity across all salicylic acid treatments. 
Interaction between treatments of salicylic acid and salinity levels was significant.  Furthermore, 
seedlings highest were obtained with spraying 200 ppm plus 200 ppm soil addition of salicylic acid 
treatment and2000 ppm salinity levels (Table 1).  
 
Table 1: Effect of Salicylic acid and salinity level and their interaction on seedling height increment 

%of picual olive seedlings. 
                                        Salinity 
Salicylic acid   

Without 
salinity 

2000 ppm 4000 ppm Mean 

0 ppm 74.33 def 84.33 bc 68.67 f 75.78 D 
Sparing 200 ppm + soil application 200 ppm 79.33 cde 105.67 a 84.00 bc 89.67 A 
Sparing 200 ppm + soil application 400 ppm 82.67 bc 74.33 def 84.00 bc 80.33 C 
Sparing 400 ppm + soil application 200 ppm 86.67 b 80.00 bcde 81.00 bcd 82.56 BC 
Sparing 400 ppm + soil 400 application ppm 99.33 a 80.00 bcde 73.00 ef 84.11 B 
Mean  84.47 A 84.87 A' 78.13 B'  

 
2- Leaves number per seedling: 

No. of leaves per seedling varied according to salicylic acid treatments as well as salinity 
levels. Table 2 indicates that using 0 ppm  salicylic acid treatment gave the highest average of No. of 
leaves per seedling across all salinity  treatments. Using saline water (2000 ppm) significantly gave 
the highest No. of leaves per seedling as compared other salinity level. Interaction between salicylic 
acid treatments and salinity levels was significant.  Furthermore, the highest No. of leaves per 
seedling were obtained at tenth treatment by using salicylic acid treatment (Spring 400 ppm + soil 400 
ppm) and 2000 ppm salinity levels  (Table 2).  
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Table 2: Effect of Salicylic acid   and salinity level and their interaction  on Leaves number per 
seedlingof picual olive seedlings. 

                                               Salinity 
Salicylic acid   

Without 
salinity 

2000 ppm 4000 ppm Mean 

0 ppm 249.67 c 265.00 c 261.67 c 258.78 A 
Sparing 200 ppm + soil application 200 ppm 225.33 d 214.00 d 189.67 e 209.67 C 
Sparing 200 ppm + soil application 400 ppm 161.00 f 228.67 c 145.33 f 178.33 D 
Sparing 400 ppm + soil application 200 ppm 156.00 f 214.67 d 146.00 f 172.22 D 
Sparing 400 ppm + soil 400 application ppm 293.67 b 310.00 a 76.33 g 226.67 B 
Mean  217.13 B' 246.47 A' 163.8C'  

 
3- Shoots number per seedling: 

The best value of No. of shoots per seedling was obtained in second salicylic acid  treatment 
(Spring 200 ppm + soil 200 ppm ) across all salinity levels (Table 3). Control treatment (tap water) 
recorded the maximum No. of shoots per seedling compared to the other salinity level across salicylic 
acid treatments (table 3). The highest No. of shoots per seedling was obtained from twelve treatment 
which provided salicylic acid (Spring 200 ppm + soil 200 ppm) and saline water (4000 ppm).  
 
Table 3: Effect of salicylic acid   and salinity level and their interaction on number of shoots per 

seedling of picual olive seedlings. 
 
                                           Salinity 
Salicylic acid   

Without 
salinity 

2000 ppm 4000 ppm Mean 

0 ppm 6.00 def 8.00 cd 8.33 cd 7.44 B 
Sparing 200 ppm + soil application 200 ppm 13.33 b 9.00 c 16.00 a 12.78 A 
Sparing 200 ppm + soil application 400 ppm 8.00 cd 5.00 ef 8.00 cd 7.00 B 
Sparing 400 ppm + soil application 200 ppm 7.67 cde 8.33 cd 6.67 cdef 7.56 B 
Sparing 400 ppm + soil 400 application ppm 11.67 b 6.00 def 4.00 f 7.22 B 
Mean  9.33 A' 7.27 B' 8.6 A'  

 
4- Leaves dry weight %: 

Table (4) shows the effect of different concentration of salicylic acid treatments and salinity 
levels on dry weight percentage of leaves of the two olive seedlings. Dry weight percentage of olive 
seedlings leaves varied according to the treatments applied. Data Table (4) represented that foliar + 
soil application of salicylic acid with 200 ppm accept the highest average leaves dry weight 
percentage across all salinity levels. On the contrary, the lowest leaves dry weight % significant 
indicated with olive seedling grow across all salinity levels without using salicylic acid treatments. 
Tap water gave the maximum leaves dry weight % compared with other salinity level across all 
salicylic acid treatments. The interaction between salicylic acid treatments and salinity levels showed 
significant differences.  
 
Table 4: Effect of salicylic acid and salinity level and their interaction on leaves dry weight % of 

picual olive seedlings. 
                                                      Salinity 
Salicylic acid   

Without 
salinity 

2000 ppm 4000 ppm Mean 

0 ppm 64.17 f 64.31 f 62.75 g 63.74 D 
Sparing 200 ppm + soil application 200 ppm 69.15 ab 68.09 cd 67.18 de 68.14 A 
Sparing 200 ppm + soil application 400 ppm 64.06 f 68.46 bc 63.82 f 65.45 C 
Sparing 400 ppm + soil application 200 ppm 69.74 a 67.35 de 62.74 g 66.61 B 
Sparing 400 ppm + soil 400 application ppm 68.43 bc 66.84 e 69.85 a 63.74 A 
Mean  67.11 A' 67.01 A' 65.27 '  

 
5. Leaves moist % : 

The highest percent of leaves moisture was obtained in the first salicylic acid treatment across 
all salinity treatments. Moreover, percent of leaves moisture at 4000 ppm salinity level was 
significantly higher than other salinity levels across all salicylic acid treatments. Moreover, the fourth 
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interaction treatment had the maximum percent of leaves moisture compared to the other interaction 
treatments (Table 5).  
 
Table 5: Effect of salicylic acid and salinity level and their interaction on leaves moist % of picual 

olive seedlings. 
                                                      Salinity 
Salicylic acid   

Without 
salinity 

2000 ppm 4000 ppm Mean 

0 ppm 35.83 b 35.69 b 37.25 a 36.26 A 
Sparing 200 ppm + soil application 200 ppm 30.85 fg 31.91de 32.82 cd 31.86 D 
Sparing 200 ppm + soil application 400 ppm 35.94 b 31.54 ef 36.18 b 34.55 B 
Sparing 400 ppm + soil application 200 ppm 30.26 g 32.65 cd 37.26 a 33.39 C 
Sparing 400 ppm + soil 400 application ppm 31.57 ef 33.16 c 30.15 g 31.63 D 
Mean  32.89 B' 32.99 B' 34.73 A'  

 
Effect of exogenous spraying and soil application of Salicylic acid on Leaf mineral content of 
picual olive seedlings irrigated with saline water: 
 
1- Leaf nitrogen percent: 

Data in Table (6) represented that the leaf nitrogen content diverse depending on salicylic 
acid treatments as well as salinity levels. Also data demonstrated that fourth treatment of salicylic acid 
significantly achieved the highest average leaf nitrogen content across all salinity levels. While, 
irrigation with tap water significantly gave the highest average leaf nitrogen content across all 
salicylic acid treatments. Given the interaction between salicylic acid and salinity there were 
significant differences. Results in Table (6) indicated that, the lowest and highest leaf nitrogen content 
values were indicated with olive seedling treated with first and fourth salicylic acid treatments 
respectively. 
 
Table 6: Effect of salicylic acid and salinity level and their interaction on leaf nitrogen percent of 

picual olive seedlings. 
                                                       Salinity 
Salicylic acid   

Without 
salinity 

2000 ppm 4000 ppm Mean 

0 ppm 1.68 h 1.80 g 1.85 fg 1.78 E 
Sparing 200 ppm + soil application 200 ppm 2.35 ab 2.14 d 2.18 cd 2.22 B 
Sparing 200 ppm + soil application 400 ppm 2.17 cd 2.01 e 1.96 e 2.04 D 
Sparing 400 ppm + soil application 200 ppm 2.45 a 2.23 cd 2.35 ab 2.35 A 
Sparing 400 ppm + soil 400 application ppm 2.26 bc 2.13 d 1.94 ef 2.11 C 
Mean  2.18 A' 2.06 B' 2.06 B'  

 
2-  Leaf phosphorus percent. 

Table (7) revealed that the effect of different treatments of salicylic acid on leaf phosphorus 
content of olive seedling grow under the three salinity levels was significant. Also data represented 
that the third treatment of salicylic acid significantly achieved the highest average of leaf phosphorus 
content across all salinity levels. Average leaf phosphorus content of olive seedling irrigated with tap 
water and 2000 ppm had insignificant differences across all salicylic acid treatments. Also the 
differences between interaction treatments were insignificant. 
 
Table 7: Effect of Salicylic acid   and salinity level and their interaction onleaf phosphorus percent of 

picual olive seedlings. 
                                             Salinity 
Salicylic acid   

Without 
salinity 

2000 ppm 4000 ppm Mean 

0 ppm 0.035 a 0.038 a 0.037 a 0.037 C 
Sparing 200 ppm + soil application 200 ppm 0.039 a 0.047 a 0.039 a 0.042 B 
Sparing 200 ppm + soil application 400 ppm 0.049 a 0.049 a 0.038 a 0.045 A 
Sparing 400 ppm + soil application 200 ppm 0.046 a 0.045 a 0.035 a 0.042 B 
Sparing 400 ppm + soil 400 application ppm 0.039 a 0.037 a 0.035 a 0.037 C 
Mean  0.041 A' 0.043 A' 0.037 B'  
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3- Leaf potassium percent:   
Data in Table (8)indicated that olive seedlings treated with the fourth treatment of salicylic acid 

(Sparing 400 ppm + soil application 200 ppm) gave the highest average of leaf potassium content 
across all salinity levels. Whereas olive seedlings irrigated with tap water significantly achieved the 
highest leaf potassium content significantly compared with the other salinity levels (2000 and 4000 
ppm). With regard to salinity averages there are insignificant differences clarify between irrigation 
with tap water and 2000 ppm saline level across all salicylic acid treatments. The interaction was 
significant between salicylic acid treatments and salinity levels.  Also, the highest values of leaf 
potassium content were found by using the fourth interaction treatment.. 
 
Table 8: Effect of salicylic acid   and salinity level and their interaction onleaf potassium percent of 

picual olive seedlings. 
                                                    Salinity 
Salicylic acid   

Without 
salinity 

2000 ppm 4000 ppm Mean 

0 ppm 1.17 a 0.98 e 0.90 e 1.02 B 
Sparing 200 ppm + soil application 200 ppm 1.01 e 1.10 bc 0.82 g 0.98 C 
Sparing 200 ppm + soil application 400 ppm 1.06 cd 1.11 b 0.83 g 1.00 B 
Sparing 400 ppm + soil application 200 ppm 1.18 a 1.11 b 1.01 e 1.10 A 
Sparing 400 ppm + soil 400 application ppm 1.01 e 1.00 e 0.85 g 0.95 D 
Mean  1.09 A' 1.06 A' 0.88 B'  
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