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ABSTRACT  

Continuing efforts to improved olive seedling growth under salt stress conditions by using 
antioxidant substance, one–year old olive (picual cv.) seedlings grown in shade house of Pomology 
Dept, National Research Centre, Giza, Egypt) were been subjected during two growth seasons (2016-
2017) to current study that.  In this context, the effect of salicylic acid (SA) which applied as foliar 
application at three concentrations (0, 200, and 400 ppm) on olive seedlings cv. Picual grown under 
three levels of salinity (0, 2000, 4000 ppm). Treatments were replicated 5 times and each one 
contained three olive seedlings. At the end of each growth season different vegetative growth 
parameters (plant height increment, leaf dry weight, leaves moist percentage, leaves no., shoots no.) 
were been determined. Moreover, leaf nutrient status were been estimated. Obtained results indicated 
that, olive seedlings cv. Picual vegetative growth parameters  did not show any 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, sparing seedlings 
with 200 ppm salicylic acid improved most vegetative studied parameters. Also, current study 
concluded that, spraying salicylic acid on saline stressed picual olive seedling increased nitrogen 
content in leaves than untreated once. Whereas, no effect noticed of exogenous salicylic acid on the 
percentage of phosphor and potassium content on leaves of saline stressed picual olive seedling.  
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Introduction 

Abiotic stress has now been recognized as the biggest and potential threat for agricultural 
productivity all over the world. In fact, the imposed abiotic stresses can potentially influence almost 
all physiological, biochemical, and molecular processes in plants from the early stage of seed 
germination to maturity, and eventually cause severe losses in the economic yield of crop plants. It 
has been projected that abiotic stresses may adversely affect 70% yield of staple food crops (Kaur et 
al., 2008; Mantri et al., 2012). In addition, increasing salinization of arable land is expected to result 
in 30% land-loss by the end of 2028 and 50% by mid of the 21st century (Wang et al., 2003). It has 
been estimated that about 45 million hectares of irrigated land have been damaged by salinity stress 
worldwide and considerable area of land affected by salinity is increasing day by day worldwide 
(Pitman and Lauchli, 2002; Munns and Tester, 2008).  

To counteract the adverse effects of abiotic stresses-induced excess ROS production, plants 
have developed mechanisms facilitating their adaptation to osmotic and ionic stresses. Nevertheless, 
to maintain osmotic balance plants have well developed protective mechanism termed as 
osmoregulation mediated by osmolytes such GB, Pro, soluble sugars, amines etc. These compounds 
do not interfere with the other plant metabolic processes and contribute to the turgor-maintenance in 
stressed plants (Misra and Saxena, 2009). Researchers have well documented that SA is involved in 
increasing Pro metabolism under abiotic stresses (Misra and Saxena, 2009; Khan et al., 2013). Plant 
growth regulators play important roles in the regulation of plant developmental processes and 
signaling networks as they are involved either directly or indirectly in a wide range of biotic and 
abiotic stress responses and tolerance in plants (Khan et al., 2012 a, b, c). Salicylic acid (SA) is a 
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phenolic compound involved in the regulation of growth and development of plants, and their 
responses to biotic and abiotic stress factors (Raskin, 1992; Khan et al., 2012 a, b, c, 2013; Miura and 
Tada, 2014). SA is involved in the regulation of important plant physiological processes such as 
photosynthesis, nitrogen metabolism, proline (Pro) metabolism, production of glycinebetaine (GB), 
antioxidant defense system, and plant-water relations under stress conditions and thereby provides 
protection in plants against abiotic stresses (Khan et al., 2010, 2012 a, b, c, 2013, 2014; Nazar et al., 
2011; Miura and Tada, 2014). SA has been shown to improve plant tolerance to major abiotic stresses 
such as metal (Zhang et al., 2015), salinity (Khan et al., 2014; Nazar et al., 2015), osmotic (Alavi et 
al., 2014). Exogenously sourced SA to stressed plants, either through seed soaking, adding to the 
nutrient solution, irrigating, or spraying was reported to induce major abiotic stress tolerance-
mechanisms (Horváth et al., 2007; Khan et al., 2012 a, b, c, 2013, 2014; Anwar et al., 2013; Palma et 
al., 2013). Salicylic acid was reported to induce salinity tolerance and enhanced chlorophyll content 
and the activity of antioxidant enzymes that eventually activated the photosynthetic process and 
alleviated oxidative stress (Li et al., 2014).  

Mineral nutrition is a basic requirement for proper growth and development and survival 
under different environmental stress conditions. Studies have shown that mineral nutrient status in 
plants plays a critical role in the alleviation of abiotic stress (Iqbal et al., 2011; Nazar et al., 
2011, 2015). SA can significantly modulate the uptake and metabolism of important mineral elements 
and thereby improve growth and development in abiotic stressed plants (Alpaslan and Gunes, 
2001; Gunes et al., 2007; Chen et al., 2011; Khokon et al., 2011; Wang et al., 2011; Tufail et al., 
2013; Nazar et al., 2015). In addition, the protective role of SA in membrane integrity and regulation 
of ions including nutrients uptake has also been reported (Alpaslan and Gunes, 2001; Gunes et al., 
2007). 

 
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 and almost uniform 
seedlings (40 cm) picual cv. was used. The seedlings were planted in black polyethylene bags with 30 
cm diameter fooled 10 kg washed sand mixed very good with peat moos (2:1), Olive seedlings were 
irrigated twice weekly. Picual olive seedlings were fertilized with recommended dose 
(1g/seedling/week) of conventional fertilizers which add as crystalon (20:20:20 NPK). Salicylic acid 
(SA) applied as foliar 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. At the end of September, plants of each treatment were removed genteelly with their root 
system to estimate and record the following data:   

 
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. 
3. Leaves number. 
4. Leaves moist %. 
5. Leaves dry weight %. 

 
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, et al (1982), respectively. Potassium (K) was 
determined flame photometrically according to the method advocated by Jackson, et al (1970). 

 
Data Analysis:   

The data were subjected to analysis of variance and the method of Duncan’s was used to 
differentiate means (Duncan, 1959). 
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Results 
 
Effect of exogenous application of Salicylic acid on vegetative growth parameters of picual olive 
seedlings irrigated with saline water: 

The effect of salicylic acid (SA) which applied as foliar application at three concentrations (0, 
200, and 400 ppm) on olive seedlings cv. Picual grown under three levels of salinity (0, 2000, 4000 
ppm) on seedling high (cm) is shown in Tables (1, 2, 3, 4). Results revealed that foliar application of 
salicylic acid (SA) significantly increased seedling height only when sprayed at the high concentration 
(4000 ppm) which recorded (87.00 cm) compared with seedlings irrigated with tap water (control) 
that recorded (74.33 cm). Also results showed that increasing salinity in irrigation water from 2000 to 
4000 ppm decreased significantly olive seedling height. In all treatments included salicylic acid (SA) 
applications, this reduction in seedling height was more pronounced at salicylic acid (SA) application 
at the high concentration (4000 ppm). Results indicated that vegetative growth parameters i.e. 
seedling high, leaves No/ seedling, shoots No/ seedling, leaves dry weight % and leaves moist content 
% were not affected significantly due to saline water treatments  compared with the analogues 
treatments irrigated with tap water (control) or sprayed with salicylic acid (SA) which gave height at 
74.33, 76.33 and 87.00 cm respectively. Where olive seedlings high recorded 84.33, 82.33 and 86.67 
cm. however, an exception of the detected results was noticed that olive seedling height (cm) treated 
with salt water (2000 ppm) resulted in higher olive seedling height (cm) compared with those irrigated 
with tap water (control). This means that olive seedlings cv. Picual vegetative growth parameters  did 
not show any negative response when irrigated with saline water up to 2000 ppm comparing with 
those irrigated with non saline irrigated water (control) either sprayed with salicylic acid or not. As for 
the effect of saline irrigation water at 4000 ppm on vegetative growth of olive seedlings cv. Picual, 
results cleared that increasing salinity in irrigation water from 2000 to 4000 ppm tended to 
significantly decrease vegetative growth parameters compared with other treatments including the 
control treatment. From the above results it is clear that sparing salicylic acid sprayed at 200 ppm 
improved most vegetative studied parameters. 

 
Table 1: Effect of exogenous application of Salicylic acid on height increment % of picual olive 

seedlings irrigated with saline water. 
Salinity 

 
   Spraying Salicylic acid 

Zero ppm 200 ppm 400 ppm Mean 

Tap water 74.33 de 76.33 cd 87.00 a 79.22 B 
2000 ppm 84.33 ab 82.33 abc 86.67 a 84.44 A 
4000 ppm  68.67 e 79.67 bcd 74.00 de 74.11 C 
Mean  75.78 C' 79.44 B' 82.55 A'  

 
Table 2: Effect of exogenous application of Salicylic acid on leaves number % of picual olive 

seedlings irrigated with saline water. 
Salinity 

              
Spraying Salicylic acid 

Zero ppm 200 ppm 400 ppm Mean 

Tap water 283.00 d 264.00 cd 356.67 a 291.22 A 
2000 ppm 261.67 cd 292.67 bc 306.00 b 286.78 A 
4000 ppm  258.33 d 278.33 bcd 204.67 e 247.11 B 
Mean  257.67 B' 278.33 A' 289.11 A'  

 
Table 3: Effect of exogenous application of Salicylic acid on shoots number % of picual olive 

seedlings irrigated with saline water 
                 Spraying Salicylic acid 

Salinity 
Zero ppm 200 ppm 400 ppm Mean 

Without salinity  6 c 6.67 bc 9.33 a 7.33 B 
2000 ppm 8 abc 8.67 ab 9.67 a 8.78 A 
4000 ppm  8.33 abc 8.67 ab 6.67 bc 7.89 AB 
Mean  7.4 A' 8.0 A' 8.56A'  
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Table 4: Effect of exogenous application of Salicylic acid on leaves dry weight % of picual olive 
seedlings irrigated with saline water. 

                 Spraying Salicylic acid 
Salinity 

Zero ppm 200 ppm 400 ppm Mean 

Tap water 64.17 c 67.87 b 67.21 b 66.42 A 
2000 ppm 64.31 c 70.59 a 68.28 b 67.73 A 
4000 ppm  62.75 d 63.11 cd 63.62 cd 63.16 B 
Mean  63.74 B' 67.19 A' 66.37 A'  

 
Table 5: Effect of exogenous application of Salicylic acid on leaves moisture % of picual olive 

seedlings irrigated with saline water. 
                 Spraying Salicylic acid 

Salinity 
Zero ppm 200 ppm 400 ppm Mean 

Tap water 35.83 b 32.13 c 32.79 c 33.58 B 
2000 ppm 35.69 b 29.41 d 31.72 c 32.27 B 
4000 ppm  37.25 a 36.89 ab 36.38 ab 36.84 A 
Mean  36.26 A' 32.81 B' 33.63 B'  

 
Effect of exogenous application of Salicylic acid on Leaf mineral content of picual olive seedlings 
irrigated with saline water: 
 
Leaves nitrogen percentage: 

As shown in table (6) results showed that nitrogen content percentage in olive seedlings 
leaves increased significantly gradually with increasing saline irrigation water the nitrogen percentage 
values recorded 1.68, 1.80 and 1.10 % in control, 2000 and 4000 ppm of irrigation water respectively. 
Concerning the effect of salicylic acid concentration on nitrogen content in picual olive seedling 
leaves, results indicated that increasing salicylic acid in the spraying solution from 200 to 400 ppm 
tended to increase nitrogen percentage in picual olive seedling leaves, the data showed that nitrogen 
percentage in leaves raised from 1.93 to 3.21 while control treatment (without spraying salicylic acid) 
recorded 1.68 %. As for the effect of salicylic acid spray on nitrogen percentage in picual olive 
seedling leaves grown under saline irrigation water at 2000 ppm similar trend was noticed, where the 
higher salicylic acid concentration (400 ppm) the higher leaf nitrogen content recorded (2.24 %). 
However, under high level of saline irrigation water (4000 ppm) treatment, the effect of spraying 
salicylic acid on nitrogen percentage of picual olive seedling leaves varied according to the 
concentration of salicylic acid used, where foliar application of salicylic acid at the low concentration 
200 ppm tended to significantly increase of nitrogen percentage in picual olive seedling leaves and 
recorded 2.08 % compared with those sprayed with salicylic acid at high concentration (400 ppm). 

Generally, results proved that spraying salicylic acid on saline stressed picual olive seedling 
increased nitrogen content in leaves than untreated once (seedlings unsprayed with salicylic acid). 
 
Table 6: Effect of exogenous application of Salicylic acid on leaves nitrogen % of picual olive 

seedlings irrigated with saline water. 
                 Spraying Salicylic acid 

Salinity 
Zero ppm 200 ppm 400 ppm Mean 

Tap water 1.68 f 1.93 cd 2.21 a 1.94 A 
2000 ppm 1.80 e 1.96 c 2.24 a 2.00 A 
4000 ppm  1.10 g 2.08 b 1.85 de 1.68 B 
Mean  1.78 B' 1.99 A' 1.85 AB'  

 
2- Leaves phosphor percentage: 

Phosphor percentage in picual olive seedling leaves was not affected significantly by saline 
irrigation water used at rate of 2000 or 4000 ppm treated with antioxidant (salicylic acid) as foliar 
application at 200 and 400 ppm concentrations. Phosphor percentage in picual olive seedling leaves 
ranged between 0.03 to 0.04 %. 
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Table 7: Effect of exogenous application of Salicylic acid on leaves phosphor % of picual olive 
seedlings irrigated with saline water. 

                 Spraying Salicylic acid 
Salinity 

Zero ppm 200 ppm 400 ppm Mean 

Tap water 0.033 a 0.033 a 0.037 a 0.034 A 
2000 ppm 0.037 a 0.039 a 0.050 a 0.042 A 
4000 ppm  0.030  a 0.035 a 0.043 a 0.036 A 
Mean  0.033 A' 0.036 A' 0.043 A'  

 
3- Leaves Potassium percentage: 

Potassium content in picual olive seedling leaves affected significantly by the concentration 
of salts in saline irrigation water, data indicated that increasing salinity concentration in irrigation 
water used tended to decrease potassium content in picual olive seedling leaves. 

Results revealed that spraying picual olive seedling with 200 or 400 ppm of salicylic acid did 
not affected leaves potassium content of picual olive seedling irrigated with tap water or zero or saline 
water (2000 ppm), on the other hand, potassium percentage in picual olive seedling leaves irrigated 
with saline water (4000 ppm) decreased significantly by salicylic acid sprayed at 200 or 400 ppm 
(with no significant differences between both salicylic acid concentrations). Potassium content in 
picual olive seedling leaves ranged between 0.90 to 1.15 %. 
 
Table 8: Effect of exogenous application of Salicylic acid on leaves potassium % of picual olive 

seedlings irrigated with saline water. 
                 Spraying Salicylic acid 

Salinity 
0 ppm 200 ppm 400 ppm Mean 

Without salinity  1.11 a 1.11 a 1.15 a 1.12 A 
2000 ppm 0.98 b 0.99 b 1.00 b 0.99 B 
4000 ppm  0.90 c 0.99 b 1.05 ab 0.98 B 
Mean  0.99 B' 1.03 AB' 1.07 A'  
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