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ABSTRACT 
 

This study was carried out through  three successive seasons 2014 , 2015 and 2016  to study the effect of Salicylic acid at (200 &400 
ppm) and Naphthalene acetic acid at (50& 100 ppm) as a foliar application on flowering, fruiting, yield and fruit quality of Picual and 
Manzanillo cvs olive trees (9 years old). Planted 6x6 apart at Horticultural Station Orchard at Shandaweel region, Sohag Governorate. The 
results indicated that foliar spray of salicylic acid at 200 ppm is recommended for improving productivity attributed to increase flowering 
percentage and density, as well as percentage of sex expression. Moreover, treatments reduced the alternative bearing and enhanced the fruit 
physical properties. Furthermore, each of two Salicylic acid concentration (200 & 400 ppm) improved fruit oil content.   
Keywords: Salicylic acid, Naphthalene acetic acid, foliar application, Olive cultivars "Picual", "Manzanillo". 
 

INTRODUCTION 
 

Olive (Olea europaea L.) is a long-lived evergreen 
tree belongs to family Oleaceae, one of the oldest 
cultivated trees that known in the history of the world 
about 8000 years ago. Olive tree is mentioned in several 
verses of the Quran and holy books. 

It is widely cultivated and economically important 
fruit crop for several countries, in many arid zones of the 
world, native to all the countries around the Mediterranean 
that presents of about 90% of the world's olive cultivation 
and production. Olive fruits can be consumed either fully 
ripe black or as the unripe green for pickling or oil 
extracting. Picual and Manzanillo cvs. are considered of the 
most important commercial olive cultivars which cultivated 
in Egypt and can be used for pickling, oil extraction or for 
the double purposes. However, productivity of olive trees is 
affected by some  environmental factors, whereas, the trees 
must be exposed to a period of winter chilling temperatures 
(vernalization) in some countries that located under warm 
winter conditions such as Egypt in order to emerge the 
inflorescences in the spring. Considerable interests have 
been shown on other plants by using some materials that can 
make the same action such as antioxidants especially 
salicylic acid (Mahdi et al., 2012). 

Salicylic acid (SA) is a phenolic compound also 
known as (Ortho-hydroxybenzoic acid), it considered a 
natural constituent of plant, which are safe to human and 
environment and plays an important role as an endogenous 
regulators. Also consider as thermo genesis in plant for 
achieving the vernalization (Raskin, 1992 and Reda et al., 
2010). Moreover, protecting the cells from senescence and 
preventing free radicals from oxidation of lipids the 
components of plasma membrane. (Ahmed et al., 2014, 
Abada and Abd El-Hameed, 2010 and Wassel et al., 2011). 
Salicylic acid is responsible for enhancing natural 
hormones that play a key part in regulating plant growth 
and development which enhanced the yield (Hayat et al., 
2010 and Mahdi et al., 2012). 

Naphthalene acetic acid, commonly abbreviated 
NAA is an organic compound, which is a plant hormone in 
the auxin family that considered an ingredient in many 
commercial horticultural products. It has an important role 
in fruit formation, abscission cell elongation, apical 
dominance, photoperiod and geotropism and used for 
thinning of fruits to reduce alternate bearing, improving 
fruit quality and yield in various crops. (Agusti et al., 2000,  

Krueger et al., 2004 ,Dimitrios et al., 2008 and 
Khankahdani et al., 2013) . 

This study aimed to investigate the effect of foliar 
application of Naphthalene acetic acid (NAA) and Salicylic 
acid (SA) on enhancing flowering, controlling alternate 
bearing, improving yield and fruit quality of Picual and 
Manzanillo olive trees under south Egypt conditions. 
 

MATERIALS AND METHODS 
 

This study was carried out during three successive 
seasons of 2014, 2015 and 2016 on two olive cultivars 
namely, “Picual” and “Manzanillo” grown in Horticultural 
Station Orchard, situated at Shandaweel region, Sohag 
Governorate, Egypt. The experimental trees were about 11 
years old 6x6m apart, cultivated in a silt clay loam soil 
under flood system, similar in growth vigor and received 
regular horticultural practices as recommended by Ministry 
of Agricultural. 
Experimental Work:                                                                                        

Two tested cultivars Picual and Manzanillo were 
treated with two plant regulators namely Naphthalene 
acetic acid (NAA) and Salicylic acid (SA) as foliar 
application once on the first week of March (before 
beginning of the flowering) with five treatments as follow : 
(1) Control (tap water) 
(2) Spraying by Naphthalene acetic acid at 50 ppm 
(3) Spraying by Naphthalene acetic acid of 100 ppm 
(4) Spraying by Salicylic acid of 200 ppm 
(5) Spraying by Salicylic acid of 400 ppm 

Tween 20 was added at 0.1 % as a surfactant to all 
spray solutions including the control "tap water". Spraying 
process was carried out using a compression sprays (5 L. 
solution/tree). 

The experiment is considered a factorial experiment 
(2 cultivar x cultural treatments). The treatments were 
arranged in a completely randomized design with three 
replicates for each treatment and each replicate was 
represented by one tree.                     

The response of Picual and Manzanillo trees to the 
tested treatments was evaluated through the following 
measurements: 
1- Flowering Behavior: Before beginning the flowering 

twenty shoots per tree was labeled to record the 
following parameters: 

- Flowering Density: calculated according to the 
following equation 
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Flowering density (%) =    100 

- Average Number of flowers total and perfect flowers 
per inflorescence:  

Twenty inflorescences at the middle portion of the 
shoot were chosen from inner and outer portion of the tree 
canopy to determine the number of total flowers and 
perfect flowers per inflorescence. 
- Sex expression ratio: calculated by using the following 

equation: 

Perfect flower percentage = 100 

2- Fruiting and Yield (kg / tree): 
- Initial and final fruit set (%). 

The percentage of initial fruit set (IFS %) and final 
fruit set (FFS %) was calculated after 21 days and 60 days 
of pollination as:  

IFS % = 100 

FFS % = 100 

- Yield (kg/tree): 
The average yield for each individual tree were 

recorded at harvesting time for each cultivar from each 
treatment in the three seasons as (kg/tree). 
Biennial bearing index: The index of alternate bearing for 
each cultivar of the different treated trees was estimated 
according to Wilcox (1944) as follows: 
Biennial bearing index  =   Differences in yield (kg) between successive years   x100 

                       Sum of yield (kg) of successive years 

3- Fruit Physical and chemical characteristics 
50 fruits were picked randomly from all sides of 

each tree at harvest to determine the following fruit quality: 
fruit weight (gm), flesh weight, flesh thickness (mm), 
Flesh/fruit weight (%), stone weight (gm) and flesh: stone 
ratio (Fouad et al.,1992) 

Fruit moisture content (%) was calculated 
according to (A.O.A.C. 1990) and Fruit oil content as a dry 
weight was determined according to (A.O.A.C 1995) 
method. 

4- Leaves mineral content. 
- Leaves mineral content at mid: July of each season, 

twenty leaves from the middle portion at one year old 
shoot each replicate tree were taken, washed with tap 
water then with distilled water, dried at 70°c until 
constant weight, for determination of the following 
nutrient elements: 

- Nitrogen was determined by the Microkjeldahl method 
(Pregl 1945). 

- Phosphorous was estimated by the method described by 
(Murphy and Riely 1962). 

- Potassium was flame-photometerically determined 
according to the method described   by (Brown and 
Lilleland, 1946). 

Statistical analysis:    
The obtained data in the three seasons were 

subjected to statistical analysis of variance (ANOVA) and 
significant differences among means were determined 
according to (Snedecor and Cochran, 1972). In addition 
significant difference among means were distinguished 
according to the Duncan's, multiple test range (Duncan, 
1955) whereas, capital and small letters were used for 
differentiating the values of specific and interaction effects 
of investigated factors, respectively. 

 

RESULTS AND DISCUSSION 
 

Flowering Behavior: 
- Flowering density. 

In regard to the flowering density that  presented  in 
Table (1), as the effect of Naphthalene acetic acid  and 
Salicylic acid foliar application on Picual and Manzanillo 
cvs. and their interaction during 2014, 2015 and 2016 
growing seasons, data preformed that, Manzanillo cv. gave 
the higher value in the first season. While, Picual cv. was 
superior in the third season. Moreover, no difference 
between cultivars in the second season. The maximum 
percentage of flowering density by Salicylic acid treatment 
at 200 ppm in the three seasons compared to control and 
other treatments. 

 

Table 1. Effect of foliar application of Naphthalene acetic acid (NAA) and Salicylic acid (SA) at different 
concentrations on flowering density percentage of Picual and Manzanillo cvs. during 2014, 2015 and 
2016 seasons. 

Cultivars 
Treatments 

2014 2015 2016 
Picual Manzanillo Mean Picual Manzanillo Mean Picual Manzanillo Mean 

Control 39.90h 42.53g 41.22E 37.90j 40.28i 39.09E 88.63c 44.85g 66.74D 
NAA 50 ppm 45.70f 47.18d 46.44D 43.70g 42.52h 43.11D 88.68c 44.62g 66.65D 
NAA 100 ppm 46.58e 47.96c 47.27C 45.42e 45.14f 45.28C 90.53b 50.06f 70.30C 
SA 200 ppm 48.14c 49.41a 48.78A 47.27b 48.24a 47.76A 94.06a 57.26d 75.66A 
SA 400 ppm 47.48d 48.83b 48.16B 46.22d 46.84c 46.53B 91.71b 55.31e 73.51B 
Mean 45.56B 47.19A  - 44.11A 44.61A  - 90.72A 50.42B  - 
Mean separation within cultivars, treatments and for interaction within each season according to L.S.D. at 0.05 level. 
Number of total flowers per inflorescence 
 

Concerning the results that shown in table (2), it 
could be noticed that, there were significant differences 
between the Picual and Manzanillo cvs. during three 
studied seasons. Manzanillo cv. gave the higher values as 
compared with Picual in the three studied seasons. As the 

effect of foliar spraying treatments, The Salicylic acid 
treatment at 200 ppm gave the highest number of total 
flowers per inflorescence during 2014, 2015 and 2016 
seasons compared to the control. 
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Table 2. Effect of foliar application of Naphthalene acetic acid (NAA) and Salicylic acid (SA) at different 
concentrations on number of total flowers per inflorescence of Picual and Manzanillo cvs. during 2014, 
2015 and 2016 seasons. 

Cultivars 
Treatments 

2014 2015 2016 
Picual Manzanillo Mean Picual Manzanillo Mean Picual Manzanillo Mean 

Control 3.55d 8.44b 6.00B 2.9 b 4.450ab 3.71B 6.26d 9.450c 7.85B 
NAA 50 ppm 5.00cd 9.89ab 7.45A 4.43ab 5.91a 5.17A 11.63b 14.82a 13.23A 
NAA 100 ppm 5.13c 10.02a 7.58A 4.56ab 6.04a 5.30A 11.55b 14.74a 13.15A 
SA 200 ppm 5.30c 10.19a 7.74A 4.70ab 6.18a 5.44A 11.90b 15.09a 13.49A 
SA 400 ppm 5.20c 10.09a 7.65A 4.60ab 6.08a 5.34A 11.64b 14.83a 13.23A 
Mean 4.84B 9.73A  - 4.25B 5.73A  - 10.60B 13.79A  - 
Mean separation within cultivars, treatments and for interaction within each season according to L.S.D. at 0.05 level. 
 

Number of perfect flowers per inflorescence: 
Regarding to the effect of cultivar and spraying 

treatments on the in number of perfect flowers per 
inflorescence, data in Table (3), preformed that, Manzanillo 
cv. gave the higher value than Picual cv. in the first and 
second season while insignificant differences the third 
season was indicated. In addition, the tested Naphthalene 

acetic acid and Salicylic acid foliar application indicated 
significant differences among them in number of perfect 
flowers per inflorescence in the first and second seasons 
except the third season indicated insignificant differences. 
Moreover, the Salicylic acid treatment at 200 ppm gave the 
highest numbers of perfect flowers per inflorescence in the 
three growing seasons compared to tested treatments. 

 

Table 3. Effect of foliar application of Naphthalene acetic acid (NAA) and Salicylic acid (SA) at different 
concentrations on the number of perfect flowers per inflorescence of Picual and Manzanillo cvs. during 
2014, 2015 and 2016 seasons. 

Cultivars 
Treatments 

2014 2015 2016 
Picual Manzanillo Mean Picual Manzanillo Mean Picual Manzanillo Mean 

Control 2.65c 5.46ab 4.06B 2.20i 2.54h 2.37E 4.79b 6.14b 5.47B 
NAA 50 ppm 3.82bc 6.57a 5.20AB 3.35g 3.47f 3.41D 9.11a 9.90a 9.51A 
NAA 100 ppm 3.92bc 6.66a 5.29A 3.45f 3.55d 3.50C 9.05a 9.85a 9.45A 
SA 200 ppm 4.14bc 6.95a 5.54A 3.63b 3.73a 3.68A 9.52a 10.33a 9.92A 
SA 400 ppm 3.98bc 6.72a 5.35A 3.49e 3.59c 3.54B 9.14a 9.93a 9.54A 
Mean 3.70B 6.47A  - 3.22B 3.37A  - 8.32A 9.23A  - 
Mean separation within cultivars, treatments and for interaction within each season according to L.S.D. at 0.05 level. 
 

- Perfect flower percentage. 
As shown in Table (4) it could be noticed that, Picual 

cv. gave the higher sex expression ratio comparing to 
Manzanillo cv. in the three studied seasons. Similarly, data 
appeared that, the tested Naphthalene acetic acid (NAA) and 
Salicylic acid (SA) foliar application indicated significant 

differences among them in sex expression ratio in the second 
and third seasons except in the first season. The Salicylic 
acid (SA) treatment at 200 ppm significantly gave the 
highest percentage of perfect flower percentage, compared 
to the experimental treatments in the second and third 
seasons. 

 

Table 4. Effect of foliar application of Naphthalene acetic acid (NAA) and Salicylic acid (SA) at different 
concentrations perfect flower percentage of Picual and Manzanillo cvs. during 2014, 2015 and 2016 seasons. 

Cultivars 
Treatments 

2014 2015 2016 
Picual Manzanillo Mean Picual Manzanillo Mean Picual Manzanillo Mean 

Control 74.65a 64.69b 69.67A 74.07b 57.08d 65.58C 76.52c 64.97f 70.75C 
NAA 50 ppm 76.4a 66.43b 71.42A 75.62ab 58.71cd 67.17B 78.33b 66.80e 72.57B 
NAA 100 ppm 76.41a 66.47b 71.44A 75.66ab 58.77cd 67.22B 78.35b 66.82e 72.59B 
SA 200 ppm 78.11a 68.20b 73.16A 77.23a 60.36c 68.80A 80.00a 68.46d 74.23A 
SA 400 ppm 76.54a 66.60b 71.57A 75.87ab 59.05c 67.46B 78.52b 66.96e 72.74B 
Mean 76.42A 66.48B  - 75.69A 58.79B  - 78.35A 66.80B  - 
Mean separation within cultivars, treatments and for interaction within each season according to L.S.D. at 0.05 level. 
 

Fruiting and yield: 
Date presented in Tables (5, 6, 7 and 8) observed  the 

effect of cultivar (Picual and Manzanillo) and treatments by 
Naphthalene acetic acid (NAA) and Salicylic acid (SA) 
foliar application on initial fruit set percentage, final fruit set 
percentage and yield (kg./tree) and their interaction during 
2014, 2015 and 2016 growing seasons. 
Initial and final fruit set (%). 

As for initial fruit set percentage in Tables (5and 6), 
data revealed that, there were significant differences between 
the Picual and Manzanillo cvs. in the three season. 
Manzanillo cv. gave significantly the higher value in the first 

and third seasons. While, Picual cv. gave the higher value in 
the second season in initial and final fruit set percentage. 
Concerning the effect of treatments in the initial fruit set, 
salicylic acid at 200 ppm was superior in the three studied 
seasons although Naphthalene acetic acid at 50 ppm gave 
the same effect in the first season. Regarding the final fruit 
set percentage, there were statically convergence between 
spraying treatments, but salicylic acid application at 200 
ppm was the best. On the other hand control treatment 
recorded the lowest one during three studied seasons for 
both initial and final fruit set. 
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Table 5. Effect of foliar application of Naphthalene acetic acid (NAA) and Salicylic acid (SA) at different 
concentrations on initial fruit set percentage of Picual and Manzanillo cvs. during 2014, 2015 and 2016 
seasons. 

Cultivars 
Treatments 

2014 2015 2016 
Picual Manzanillo Mean Picual Manzanillo Mean Picual Manzanillo Mean 

Control 32.46f 39.36d 35.91D 30.65c 21.43f 26.04E 50.05g 58.11de 54.08E 
NAA 50 ppm 43.16c 50.06a 46.61A 34.47b 25.25e 29.86B 57.56ef 65.62b 61.59B 
NAA 100 ppm 39.76d 46.66b 43.21B 33.58b 24.3e 28.97C 56.26f 64.32b 60.29C 
SA 200 ppm 43.66c 50.56a 47.11A 35.66a 26.44d 31.05A 60.76c 68.82a 64.79A 
SA 400 ppm 35.86e 42.83c 39.35C 31.50c 22.28f 26.89D 51.31g 59.37cd 55.34D 
Mean 38.98B 45.89A  - 33.17A 23.95B  - 55.19B 63.25A  - 
Mean separation within cultivars, treatments and for interaction within each season according to L.S.D. at 0.05 level. 
 

Table 6. Effect of foliar application of Naphthalene acetic acid and Salicylic acid at different concentrations on 
final fruit set percentage of Picual and Manzanillo cvs. during 2014, 2015 and 2016 seasons. 

Cultivars 
Treatments 

2014 2015 2016 
Picual Manzanillo Mean Picual Manzanillo Mean Picual Manzanillo Mean 

Control 28.85b 35.75a 32.30B 27.84a 18.62b 23.23B 41.80b 49.86a 45.83B 
NAA 50 ppm 29.83b 36.73a 33.28AB 28.51a 19.29b 23.90AB 42.99b 51.05a 47.02AB 
NAA 100 ppm 29.63b 36.53a 33.08AB 28.35a 19.13b 23.74AB 42.67b 50.73a 46.70AB 
SA 200 ppm 30.26b 37.16a 33.71A 28.84a 19.62b 24.23A 43.62b 51.68a 47.65A 
SA 400 ppm 29.05b 35.95a 32.50AB 28.02a 18.80b 23.41AB 42.15b 50.41a 46.48AB 
Mean 29.53B 36.43A  - 28.31A 19.09B  - 42.65B 50.82A  - 
Mean separation within cultivars, treatments and for interaction within each season according to L.S.D. at 0.05 level. 
 

Yield crop (kg/tree): 
As related to data in Table (7) it was noticed that, 

the production of Manzanillo cv. surpassed Picual cv. 
during 2014 and 2015 seasons in the positive. While no 

significant difference during 2016 between two studied 
cultivars. Foliar application with  salicylic acid at 200 ppm 
gave enhanced yield comparing with other treatments and 
control. 

 

Table 7. Effect of foliar application of Naphthalene acetic acid (NAA) and Salicylic acid (SA) at different 
concentrations on fruit yield (kg/tree) of Picual and Manzanillo cvs. during 2014, 2015 and 2016 seasons. 

Cultivars 
Treatments 

2014 2015 2016 
Picual Manzanillo Mean Picual Manzanillo Mean Picual Manzanillo Mean 

Control 38.03g 43.28f 40.66D 25.31i 30.06fg 27.69E 46.35f 45.60f 45.97D 
NAA 50 ppm 42.97f 47.97bc 45.47C 27.03h 32.03de 29.53D 46.37f 45.37f 45.87D 
NAA 100 ppm 44.25ef 48.75ab 46.50BC 29.15g 34.65c 31.90C 50.15d 48.65e 49.40C 
SA 200 ppm 46.56cd 50.21a 48.39A 32.90d 39.25a 36.08A 57.20a 54.85b 56.03A 
SA 400 ppm 45.22de 49.62a 47.42AB 30.80ef 36.40b 33.60B 52.50c 50.90d 51.70B 
Mean 43.41B 47.97A  - 29.04B 34.48A  - 50.51A 49.07A  - 
Mean separation within cultivars, treatments and for interaction within each season according to L.S.D. at 0.05 level. 
 

Alternate bearing index. 
Concerning the effect of cultivar and treatment on 

Alternate bearing. Data  in Table (8) revealed that  biennial 
bearing index of Manzanillo cv. was less than Picual cv., 
and each of Salicylic acid (200 & 400 ppm) reduced the 
alternate bearing comparing with the treatments with 
Naphthalene acetic acid at 50 & 100 ppm and the control 
in the studied seasons.  
 

Table 8. Effect of foliar application of Naphthalene 
acetic acid (NAA) and Salicylic acid (SA) at 
different concentrations on alternate bearing 
index of Picual and Manzanillo cvs. during 
2014, 2015 and 2016 seasons. 

Cultivars 
Treatments 

ABI 
Picual Manzanillo Mean 

Control 0.25a 0.19c 0.22A 
NAA 50 ppm 0.25a 0.19c 0.22A 
NAA 100 ppm 0.24ab 0.17d 0.20B 
SA 200 ppm 0.22b 0.15e 0.18C 
SA 400 ppm 0.23b 0.16de 0.19BC 
Mean 0.24A 0.17B  - 
Mean separation within cultivars, treatments and for interaction 
within each season according to L.S.D. at 0.05 level. 

By using the equation suggested by Wilcox (1944), 
it is evident that all studied olive cultivars (Picual and 
Manzanillo cvs.) between 2014 and 2016 seasons were 
characterized by regular bearing because the alternate 
bearing index was less than 25%. 
Fruit physical characteristics: 

Foliar application treatments had pronounced effect 
on improving fruit quality. The results in Tables (from 9 to 
14) demonstrated  the fruit physical characteristics (fruit 
weight, flesh weight, flesh thickness, stone weight, flesh 
per fruit weight (%), and flesh: stone ratio), as affected by 
Naphthalene acetic acid (NAA) and Salicylic acid (SA) of 
Picual and Manzanillo cvs. and their interaction during 
2014, 2015 and 2016 growing seasons. Concerning the 
effect of the treatments, although there weren't any 
significant difference of fruit weight, flesh weight and flesh 
thickness of Manzanillo and Picual cvs. during three 
studied seasons. Meantime, foliar spray with Salicylic acid 
at 200 ppm was affected significantly on fruit weight, flesh 
weight, while each of concentrations (200 and 400 ppm) of 
Salicylic acid affected significantly on flesh thickness 
followed by other treatments. 
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As for stone weight in Table (12) foliar application 
of Naphthalene acetic acid (NAA) and Salicylic acid (SA) 
gave the same effect on Picual and Manzanillo cvs. during 
2014, 2015 and 2016 seasons. Furthermore, results 
appeared that, Salicylic acid foliar application at 200 ppm 
indicated the highest stone weight in the first and third 
seasons. Whereas, there were insignificant differences 
among the treatments in the second season. The control 
treatment significantly gave the lowest stone weight. 

In regard to flesh per fruit weight percentage of 
Picual and Manzanillo cvs. in Table (13) as affected by 
aforementioned treatments. It is obvious that, there were no 
apparent effect on cultivars during three studied seasons. 
The maximum flesh per fruit weight percentage was 

observed in Salicylic acid. treatment at 200 ppm compared 
to the control and other treatments in the three seasons. 

Concerning to flesh per stone ratio in Table (14) as 
affected by Naphthalene acetic acid and Salicylic acid 
foliar application on Picual and Manzanillo cvs. and their 
interaction during 2014, 2015 and 2016 growing seasons. 
Data preformed that, there were insignificant differences 
between cultivars in the first and third seasons. While 
Picual cv. was superior in the second season. Regarding to 
the effect of treatments, The Salicylic acid (SA) at 200 
ppm significantly gave the highest flesh per stone ratio 
respectively in the three seasons comparing with other 
treatments and control. 

 

Table 9. Effect of foliar application of Naphthalene acetic acid (NAA) and Salicylic acid (SA) at different 
concentrations on fruit weight (g) of Picual and Manzanillo cvs. during 2014, 2015 and 2016 seasons. 

Cultivars 
Treatments 

2014 2015 2016 
Picual Manzanillo Mean Picual Manzanillo Mean Picual Manzanillo Mean 

Control 3.29i 3.91g 3.60E 5.10de 4.48e 4.79D 3.82j 4.17i 4.00E 
NAA 50 ppm 3.63h 4.25f 3.94D 5.45cd 4.83de 5.14CD 4.25h 4.44g 4.35D 
NAA 100 ppm 4.54e 5.16d 4.85C 6.38bd 5.76ce 6.07BC 4.94f 5.36e 5.15C 
SA 200 ppm 6.32b 6.94a 6.63A 8.37a 7.75ab 8.06A 6.77b 7.09a 6.93A 
SA 400 ppm 5.26d 5.8 c 5.57B 7.10ac 6.48bd 6.79B 5.65d 6.06c 5.86B 
Mean 4.61A 5.23A  - 6.48A 5.86A  - 5.09A 5.43A  - 
Mean separation within cultivars, treatments and for interaction within each season according to L.S.D. at 0.05 level. 
 

Table 10. Effect of naphthalene acetic acid (NAA) and salicylic acid (SA) foliar application of at different 
concentrations on flesh weight (g) of Picual and Manzanillo cvs. during 2014, 2015 and 2016 seasons. 

Cultivars 
Treatments 

2014 2015 2016 
Picual Manzanillo Mean Picual Manzanillo Mean Picual Manzanillo Mean 

Control 2.54e 3.09de 2.82D 3.95de 3.24e 3.60D 2.93d 3.20cd 3.07C 
NAA 50 ppm 2.80de 3.35c 3.08CD 4.22de 3.51e 3.87CD 3.32cd 3.43cd 3.37C 
NAA 100 ppm 3.64ce 4.19bd 3.91BC 5.06bd 4.35ce 4.71BC 3.94bd 4.28ad 4.10BC 
SA 200 ppm 5.27ab 5.82a 5.55A 6.90a 6.19ab 6.55A 5.86ab 5.90a 5.78A 
SA 400 ppm 4.29ad 4.84ac 4.56AB 5.71ac 5.00bd 5.35B 4.59ad 4.92ac 4.75AB 
Mean 3.71A 4.26A  - 5.17A 4.46A  - 4.29A 4.35A  - 
Mean separation within cultivars, treatments and for interaction within each season according to L.S.D. at 0.05 level. 
 

Table 11. Effect of foliar application of Naphthalene acetic acid (NAA) and Salicylic acid (SA) at different 
concentrations on flesh thickness (mm) of Picual and Manzanillo cvs. during 2014, 2015 and 2016 
seasons. 

Cultivars 
Treatments 

2014 2015 2016 
Picual Manzanillo Mean Picual Manzanillo Mean Picual Manzanillo Mean 

Control 0.34g 0.48d 0.41D 0.50j 0.70e 0.60E 0.34e 0.51c 0.43C 
NAA 50 ppm 0.37f 0.50c 0.43C 0.53i 0.72d 0.63D 0.33e 0.50c 0.42C 
NAA 100 ppm 0.44e 0.57b 0.50B 0.56h 0.75c 0.66C 0.33e 0.50c 0.42C 
SA 200 ppm 0.44e 0.58b 0.51B 0.58g 0.78b 0.68B 0.40c 0.66a 0.58A 
SA 400 ppm 0.48d 0.62a 0.55A 0.60f 0.80a 0.70A 0.46d 0.63b 0.55B 
Mean 0.41A 0.55A  - 0.56A 0.75A  - 0.39A 0.56A  - 
Mean separation within cultivars, treatments and for interaction within each season according to L.S.D. at 0.05 level. 
 

Table 12. Effect of foliar application of Naphthalene acetic acid (NAA) and Salicylic acid (SA) at different 
concentrations on stone weight (g) of Picual and Manzanillo cvs. during 2014, 2015 and 2016 seasons. 

Cultivars 
Treatments 

2014 2015 2016 
Picual Manzanillo Mean Picual Manzanillo Mean Picual Manzanillo Mean 

Control 0.75f 0.82e 0.79E 1.15a 1.24a 1.20A 0.89g 0.97ef 0.93D 
NAA 50 ppm 0.83e 0.90d 0.86D 1.23a 1.32a 1.27A 0.93fg 1.01de 0.97D 
NAA 100 ppm 0.90d 0.97c 0.94C 1.32a 1.41a 1.37A 1.00e 1.08c 1.04C 
SA 200 ppm 1.05b 1.12a 1.09A 1.47a 1.56a 1.52A 1.11bc 1.19a 1.15A 
SA 400 ppm 0.97c 1.04b 1.01B 1.39a 1.48a 1.44A 1.06cd 1.14ab 1.10B 
Mean 0.90A 0.97A  - 1.31A 1.40A  - 1.00A 1.08A  - 
Mean separation within cultivars, treatments and for interaction within each season according to L.S.D. at 0.05 level. 
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Table 13. Effect of foliar application of Naphthalene acetic acid (NAA) and Salicylic acid (SA) at different 
concentrations on flesh per fruit weight percentage of Picual and Manzanillo cvs. during 2014, 2015 and 
2016 seasons. 

Cultivars 
Treatments 

2014 2015 2016 
Picual Manzanillo Mean Picual Manzanillo Mean Picual Manzanillo Mean 

Control 77.20i 79.03g 78.12D 77.45e 72.32j 74.89E 76.70e 76.74e 76.72E 
NAA 50 ppm 77.13j 78.82h 77.98E 77.43f 72.67i 75.05d 78.12d 77.25de 77.69D 
NAA 100 ppm 80.18f 81.21e 80.70C 79.31d 75.52h 77.42C 79.76c 79.85c 79.81C 
SA 200 ppm 83.39b 83.87a 83.63A 82.44a 79.87c 81.16A 83.60a 83.22a 83.41A 
SA 400 ppm 81.56d 82.31c 81.94B 80.42b 77.16g 78.79B 81.24b 81.19b 81.21B 
Mean 79.90B 81.05A  - 79.41A 75.51B  - 79.89A 79.65A  - 
Mean separation within cultivars, treatments and for interaction within each season according to L.S.D. at 0.05 level. 
 

Table 14. Effect of foliar application of Naphthalene acetic acid (NAA) and Salicylic acid (SA) at different 
concentrations on flesh: stone ratio of Picual and Manzanillo cvs. during 2014, 2015 and 2016 seasons. 

Cultivars 
Treatments 

2014 2015 2016 
Picual Manzanillo Mean Picual Manzanillo Mean Picual Manzanillo Mean 

Control 3.39i 3.77g 3.58D 3.43e 2.61i 3.02E 3.29h 3.30h 3.30E 
NAA 50 ppm 2.28j 3.72h 3.00E 3.43e 2.66h 3.05D 3.57f 3.40g 3.49D 
NAA 100 ppm 4.04f 4.32e 4.18C 3.83d 3.09g 3.46C 3.94e 3.96d 3.95C 
SA 200 ppm 5.02b 5.20a 5.11A 4.69a 3.97c 4.33A 5.10a 4.96b 5.03A 
SA 400 ppm 4.42d 4.65c 4.54B 4.11b 3.38f 3.75B 4.33c 4.32c 4.33B 
Mean 3.83A 4.33A  - 3.90A 3.15B  - 4.05A 3.99A  - 
Mean separation within cultivars, treatments and for interaction within each season according to L.S.D. at 0.05 level. 
 

Fruit chemical content:            
Tables (15 and 16) indicated that the moisture 

percentage and fruit oil percent (in dry weight) of Piual and 
Manzanillo as the effect of foliar application of 
Naphthalene acetic acid and Salicylic acid during 2014, 
2015 and 2016 seasons. 

Concerning the fruit moisture percentage in Table 
(15) data revealed that the Picual cv. gave the lower 
significant values during three studied seasons comparing 

to Manzanillo. Moreover, each of the Salicylic acid 
treatments at (200 and 400 ppm) significantly gave the 
lowest fruit moisture content. The Salicylic acid treatments 
at 400 ppm gave lowest moisture content in the first and 
second seasons. Meanwhile, the Salicylic acid treatment at 
200 ppm significantly gave the lowest fruit moisture 
content in the third season. The control treatment 
significantly gave the highest fruit moisture content 
compared to the other treatments in the three seasons. 

 

Table 15. Effect of foliar application of Naphthalene acetic acid (NAA) and Salicylic acid (SA) at different 
concentrations on fruit moisture content percentage of Picual and Manzanillo cvs. during 2014, 2015 
and 2016 seasons. 

Cultivars 
Treatments 

2014 2015 2016 
Picual Manzanillo Mean Picual Manzanillo Mean Picual Manzanillo Mean 

Control 66.95c 69.77a 68.36A 65.64e 67.75a 66.69A 66.52b 68.52a 67.52A 
NAA 50 ppm 66.00f 67.45b 66.73B 64.36g 66.09b 65.22B 65.09e 66.25c 65.67B 
NAA 100 ppm 64.12i 66.75d 65.44D 62.89i 65.89c 64.39C 64.00f 66.09d 65.04C 
SA 200 ppm 64.56h 66.42e 65.49C 63.19h 65.04f 64.11D 63.07h 65.12e 64.10E 
SA 400 ppm 62.88j 65.89g 64.39E 61.52j 65.77d 63.64E 63.89g 66.06d 64.97D 
Mean 64.90B 67.25A  - 63.52B 66.11A  - 64.51B 66.41A  - 
Mean separation within cultivars, treatments and for interaction within each season according to L.S.D. at 0.05 level. 
 

In regard to fruit oil percentages (dry weight) as 
shown in Table (16), it could be noticed that, there were 
significant differences between the Picual and Manzanillo 
cvs. in the three seasons. The Picual cv. gave the higher 
significant values in fruit oil content comparing to 
Manzanillo cv. and salicylic acid treatments in 200 and 400 
ppm gave the highest oil content. The Salicylic acid 

treatments at 400ppm gave highest oil content in the first and 
second seasons. Meanwhile, the Salicylic acid treatment at 
200 ppm significantly gave the highest fruit oil content in the 
third season. The control treatment significantly gave the 
lowest fruit oil content compared to the other treatments in 
the three seasons. 

 

Table 16. Effect of foliar application of Naphthalene acetic acid (NAA) and Salicylic acid (SA) at different 
concentrations on fruit oil content percentage of dry weight of Picual and Manzanillo cvs. during 2014, 
2015 and 2016 seasons. 

Cultivars 
Treatments 

2014 2015 2016 
Picual Manzanillo Mean Picual Manzanillo Mean Picual Manzanillo Mean 

Control 33.05h 30.23j 31.64D 34.36f 32.25j 33.31E 33.48g 31.48h 32.48E 
NAA 50 ppm 34.00e 32.55i 33.28C 35.64d 33.91i 34.77D 34.91d 33.75f 34.33D 
NAA 100 ppm 35.88b 33.25g 34.56B 37.11b 34.11h 35.61C 36.00c 33.91e 34.95C 
SA 200 ppm 35.44c 33.58f 34.51B 36.81c 34.96e 35.88B 36.93a 34.88d 35.90A 
SA 400 ppm 37.12a 34.11d 35.62A 38.48a 34.23g 36.35A 36.11b 33.94e 35.03B 
Mean 35.10A 32.74B  - 36.48A 33.89B  - 35.49A 33.59B  - 
Mean separation within cultivars, treatments and for interaction within each season according to L.S.D. at 0.05 level. 
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Leaves mineral content: 
Table (17) represented that leaves nitrogen content 

under study significantly differs from the Picual and 
Manzanillo cvs. in the second and third seasons except in 
the first season indicated insignificant differences. Picual 

cv. gave the higher values. Similarly, the salicylic acid 
treatment at 200 ppm gave the highest nitrogen content in 
leaves compared to the control and other treatments in the 
three seasons. 

 

Table 17. Effect of foliar application of Naphthalene acetic acid (NAA) and Salicylic acid (SA) at different 
concentrations on leaves nitrogen content percentage of Picual and Manzanillo cvs. during 2014, 2015 
and 2016 seasons. 

Cultivars 
Treatments 

2014 2015 2016 
Picual Manzanillo Mean Picual Manzanillo Mean Picual Manzanillo Mean 

Control 1.40d 1.28e 1.34C 1.52de 1.43e 1.48D 1.49de 1.29f 1.39D 
NAA 50 ppm 1.49bcd 1.41cd 1.45B 1.66c 1.54d 1.60C 1.55cde 1.44e 1.50C 
NAA 100 ppm 1.52b 1.49bd 1.51B 1.67c 1.64c 1.66BC 1.60bcd 1.52ce 1.56BC 
SA 200 ppm 1.66a 1.66a 1.66A 1.85a 1.79ab 1.82A 1.78a 1.70ab 1.74A 
SA 400 ppm 1.50bcd 1.51bc 1.51B 1.71bc 1.68c 1.70B 1.64bc 1.54ce 1.59B 
Mean 1.51A 1.47A  - 1.68A 1.62B  - 1.61A 1.50B  - 
Mean separation within cultivars, treatments and for interaction within each season according to L.S.D. at 0.05 level. 
 

In regard to the leaves phosphorus content that 
presented in Table (18), data revealed that, there were 
significant differences between the Picual and Manzanillo 
cvs. data appeared that, the Salicylic acid at 200 ppm gave 

the highest leaves phosphorus content compared to the 
control and other treatments in the three seasons during 
three studied seasons. As the effect of treatments on leaves 
Phosphor content. 

 

Table 18. Effect of foliar application of Naphthalene acetic acid (NAA) and Salicylic acid (SA) at different 
concentrations on leaves phosphorus content (P%) of Picual and Manzanillo cvs. during 2014, 2015 and 
2016 seasons.  

Cultivars 
Treatments 

2014 2015 2016 
Picual Manzanillo Mean Picual Manzanillo Mean Picual Manzanillo Mean 

Control 0.24c 0.26bc 0.25C 0.20c 0.22bc 0.21C 0.27c 0.29c 0.28C 
NAA 50 ppm 0.25c 0.27bc 0.26C 0.21bc 0.23bc 0.22C 0.28c 0.30c 0.29C 
NAA 100 ppm 0.30bc 0.33b 0.32B 0.26bc 0.29b 0.28B 0.33c 0.36abc 0.35BC 
SA 200 ppm 0.42a 0.43a 0.43A 0.38a 0.39a 0.39A 0.45ab 0.46a 0.46A 
SA 400 ppm 0.32bc 0.41a 0.37B 0.28bc 0.37a 0.33B 0.43bc 0.44ab 0.40AB 
Mean 0.31A 0.34A  - 0.27A 0.30A  - 0.34A 0.37A  - 
Mean separation within cultivars, treatments and for interaction within each season according to L.S.D. at 0.05 level. 
 

As related to the leaves potassium content, results 
in Table (19) indicated that, there were significant 
differences between the Picual and Manzanillo cvs. in the 
second and third seasons, while no significant difference 
was observed in the first season. Picual cv. gave 

significantly the higher values The Salicylic acid treatment 
at 200 ppm significantly gave the highest percentage of 
leaves potassium content in the three studied seasons 
compared to the other treatments. 

 

Table 19. Effect of foliar application of Naphthalene acetic acid (NAA) and Salicylic acid (SA) at different 
concentrations on leaves potassium content (K%) of Picual and Manzanillo cvs. during 2014, 2015 and 
2016 seasons. 

Cultivars 
Treatments 

2014 2015 2016 
Picual Manzanillo Mean Picual Manzanillo Mean Picual Manzanillo Mean 

Control 1.11de 1.07e 1.09 E 1.02de 0.98e 1.00E 1.24ef 1.20f 1.22E 
NAA 50 ppm 1.19cd 1.23c 1.21D 1.10cd 1.14c 1.12D 1.32de 1.36cd 1.34D 
NAA 100 ppm 1.36b 1.27bc 1.32C 1.26b 1.18bc 1.22C 1.45bc 1.40bcd 1.43C 
SA 200 ppm 1.60a 1.35b 1.48A 1.50a 1.26b 1.38A 1.69a 1.48b 1.59A 
SA 400 ppm 1.52a 1.27bc 1.40B 1.42a 1.18bc 1.30B 1.61a 1.40bcd 1.51B 
Mean 1.36A 1.24A  - 1.26A 1.15B  - 1.46A 1.37B  - 
Mean separation within cultivars, treatments and for interaction within each season according to L.S.D. at 0.05 level. 
 

DISCUSSION AND CONCLUSION 
 

Olive trees is affected by some environmental 
factors that affect on the flowering process, especially 
under south Egypt in warm winter conditions the trees 
must be exposed to a period of winter chilling temperatures 
(vernalization) in order to emerge inflorescences in the 
spring which reflect on the productivity (Hassan, 2000) 

From the above mentioned results, it was notice 
that, foliar application of salicylic acid at (200 and 400 

ppm) and Naphthalene acetic acid at (50and 100 ppm)  
improved flowering and fruiting comparing with control. 
Foliar spray of salicylic acid at 200 ppm at the first week of 
March before beginning of flowering stage led to improve 
productivity attributed to increase and the percentage of 
total perfect flowers in the inflorescence and flowering 
density. This could be attributed to the role of (SA) as the 
thermo genesis in plant. (Kalil et al., 2012,  Freddey et al., 
2007 and Reda et al., 2010). Moreover, it compensates 
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insufficient chilling requirements that led to induce 
flowering and increase density of flowering and percentage 
of perfect flowers. (Hassan 2000 and Abd El-Razek et al., 
2013). The increase in the perfect percentage than other 
treatments and control due to their role as a growth 
regulators in the development plant organs. (Hayat et al., 
2007). Therefore, the highest yield and fruit physical 
properties that obtained by (SA) treatment at 200ppm due 
to the positive effect of antioxidants on fruit physical 
properties especially fruit weight that reflected on 
enhanced the yield. (Abd El-Naeem 2000, Maksoud et al., 
2009 and Abd El–Rahman and Attia 2016). In addition, 
their was a positive effect as the spraying treatments for 
reducing the alternative bearing (Goldschmidt 2005 and 
Lavee 2007). However, it could be pointed out that the 
exogenous application of antioxidant had the regulation 
effect on the essential olive oil percent comparing to 
control. (Ahmed et al., 2014 and Yousef et al., 2009). As 
the effect of foliar application of SA on leaves Nitrogen, 
Phosphor and Potassium, it was more pronounced on the 
nutrients uptake by the leaves. (Abdel salam 2016 and 
Hassan 2017). 

Finally, foliar spray of salicylic acid at 200 ppm is 
recommended by application at one month before. 
beginning of flowering stage for Improving productivity, 
fruit physical properties and fruit oil content. 
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  تحت ظروف جنوب مصرالزيتون  أشجارعلى نمو وإنتاجية  منظمات النمو النباتيةبعض الرش الورقي بتأثير 
 ٢ ونھدير محمد ابو العيو  ٢شاھينشيرين عاطف ،  ١ عrء الدين ثابت ابو العز

  جامعة سوھاج –كلية الزراعة ١
 ةالجيز – البساتين بحوث معھد٢

 
البيكوال  صنفيالزيتون  أشجارم على  ٢٠١٦ وم  ٢٠١٥م ،  ٢٠١٤الفترة من   فياسم متتالية أجريت ھذه الدراسة  خSل ثSثة مو

 بمحطة البحوث التابعة لمعھد بحوث البساتين بالغمر الري تحت نظام أرض طميية طينية سلتية فيم  ٦×٦سنه على مسافة  ١١عمر المنزانيللوو
 ٥٠ بتركيزيك يلالمليون وحمض الخل فيجزء  ٤٠٠و ٢٠٠ بتركيزي السلسيليكبحمض الرش  تأثيرلدراسة  ؛منطقة شندويل، محافظة سوھاجب
باستخدام حمض  الرش أنالنتائج  أوضحت  والكيمائية.والعقد والمحصول وخصائص الثمار الطبيعية  التزھيرالمليون على  فيجزء  ١٠٠و

زيادة :إلى أدتفقد  البيكوال و المنزانيللو لصنفي ا¨خري نة بالمعامSتالقيم  مقار أعلىتحقيق  إلى أدى المليون فيجزء  ٢٠٠بتركيز  السلسيليك
المحصول  تحسين المنزانيللو.صنف  فيوخاصة  الحد من ظاھرة تبادل الحمل  .الدراسة صنفيوكذلك كثافة التزھير لكS   الخنثى اªزھارعدد 

 فيجزء  ٤٠٠الرش بحمض السلسيلك بتركيز  أعطىكما  .والفسفور والبوتاسيومنسبة لمحتوى الورقة من النيتروجين  أعلىتحقيق  .الكلى للشجرة
ومن  .الدراسة صنفيلكS  ا¨خريالثمرة واقل محتوى للرطوبة مقارنة بالمعامSت  فية للزيت بنس أعلىالمليون  فيجزء  ٢٠٠المليون وكذلك 

تحسين المواصفات الطبيعية والكيماوية و والمحصول الثمار عقد نسبة دةزيا من الزيتون مزارعي تمكن التيالمعاملة  بھذهالتوصية ھنا يمكن 
 .المتحصل عليه الدخل زيادة وبالتالي الحمل تبادل ظاھرة تقليل إلى با¯ضافة الزيت ومحصول لثمرةل


