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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.
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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:

following equation

calculated according to the
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MNo. ofinflorescences
Shoot length (cm)

- 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:

Flowering density (%) = #100

Number of perfect flowers
Perfect flower percentage = Namber oftoral lowers 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 % = Number of fruitletz after 21 daye

*100

Total number of perfect flowers

Number of fruit after €0days

FFS % = %100

Total number of perfect flowers
- 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 vield (kg) between successive years o

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 ef 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 2014 2015 2016
Treatments Picual Manzanillo Mean Picual Manzanillo Mean  Picual = Manzanillo Mean
Control 39.90"  42.53%  4122° 3790  4028°  39.09° 88.63° 44 852 66.74°
NAA 50 ppm 45700 47.18%  46.44° 43708 4252 43.11°  88.68° 44.62¢ 66.65°
NAA 100 ppm 4658  47.96° 4727 4542°  45.14" 4528 9053 50.06" 70.30¢
SA 200 ppm 48.14°  4941° 4878 4727°  4824* 4776  94.06° 57.26" 75.66™
SA 400 ppm 4748  4883°  4816° 4622°  46.84°  4653° 91.71° 55.3' 73.518
Mean 4556°  47.19% - 4411% 44610 - 90.72* 50.428 -

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 2014 2015 2016
Treatments Picual Manzanillo Mean Picual Manzanillo Mean Picual Manzanillo Mean
Control 3.55¢ 8.44° 6.00° 2.9° 4.450® 3717 6.26° 9.450° 7.85°
NAA 50 ppm  5.00% 9.89% 7454  443® 5.91° 5174 11.63° 14.82° 13.23%
NAA 100 ppm  5.13° 10.02° 7.58%  4.56% 6.04" 530" 11.55° 14.74 13.15%
SA 200 ppm 5.30° 10.19* 7.74%  470% 6.18" 544%  11.90 15.09° 13.49*
SA 400 ppm 5.20° 10.09* 7.65%  4.60™ 6.08 534%  11.64° 14.83" 13.23%
Mean 4.84° 9.73* - 4258 5.73" - 10.60° 13.79* -

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 2014 2015 2016
Treatments Picual Manzanillo Mean Picual Manzanillo Mean Picual Manzanillo Mean
Control 2.65° 5.46™ 4.06° 220 254" 237° 479 6.14° 5478
NAA 50 ppm  3.82% 6.57° 520" 3358 347" 341°  9.11° 9.90° 9.51*
NAA 100 ppm  3.92 6.6 520" 345 3.55¢ 350 9.05° 9.85° 9.45"
SA200ppm  4.14™ 6.95 5544 3.63° 3.73 3.68%  9.52° 10.33* 9.924
SA 400 ppm  3.98™ 6.72° 5358  3.49° 3.59¢ 3.54% 914 9.93" 9.54"
Mean 3.708 6.47" - 3.208 337% - 8.32" 923" -

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 2014 2015 2016
Treatments Picual Manzanillo Mean  Picual Manzanillo Mean Picual Manzanillo Mean
Control 7465 64.69°  69.67° 7407 57.087 65.58°  76.52° 64.97" 70.75¢
NAA 50ppm 764 66.43°  71.42%  75.62° 58.71¢ 67.17° 7833 66.80° 7257
NAA 100 ppm  7641°  6647°  71.44%  75.66™ 58.77% 67.228 7835 66.82° 72.59"
SA 200 ppm 78.11°  6820°  73.16%  77.23° 60.36° 68.80"  80.00° 68.46" 74.23%
SA 400 ppm 76.54°  66.60°  71.57%  75.87° 59.05° 67.46%  78.52° 66.96° 72748
Mean 76.42"  66.48" - 75.69* 58.79% - 78.35% 66.80° -

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 (Sand 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 2014 2015 2016

Treatments Picual Manzanillo Mean Picual Manzanillo Mean  Picual Manzanillo Mean
Control 32.46' 3936 35917 30.65° 2143 26.04F  50.05% 58.11% 54.08F
NAA50ppm  43.16°  50.06*°  46.61% 3447°  2525°  29.86° 57.56 65.62° 61.59%
NAA 100 ppm  39.76°  46.66°  4321° 3358 24.3° 2897 56.26' 64.32° 60.29¢
SA 200 ppm 43.66° 50.56  47.11%  35.66° 26.44° 31.05*  60.76° 68.82° 64.79*
SA 400 ppm 35865 42.83° 3935  31.50° 2228  26.89° 5131% 59.37% 55.34°
Mean 38.98%  45.89% - 33.17*  23.95° - 55.19° 63.25% -

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 2014 2015 2016
Treatments Picual Manzanillo Mean Picual Manzanillo Mean Picual Manzanillo Mean
Control 28.85°  35.75° 3230°  27.84° 18.62° 2323%  41.80° 49.86°  45.838
NAA50ppm  29.83° 3673  3328" 2851° 19.29° 23.90"® 4299 51.05°  47.02*"
NAA 100 ppm  29.63°  36.53*  33.08"® 2835° 19.13° 23748 4267 5073 46708
SA200ppm  3026°  37.16° 33714 28.84° 19.62° 2423 43.62° 5168 47.65"
SA400ppm  29.05°  3595°  3250%" 28.02° 18.80° 23.41%%  42.15° 50410 4648
Mean 2953 36.43" - 28.31% 19.09" - 4265  50.82* -

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 2014 2015 2016

Treatments Picual Manzanillo Mean Picual Manzanillo Mean Picual Manzanillo Mean
Control 38.03% 4328 40.66° 2531 30.06 27.69° 4635 4560°  4597°
NAA 50ppm  4297° 4797 4547 27.03" 32.03% 29.53° 4637 4537° 4587
NAA 100 ppm 4425 48.75®  46.50%¢ 29.15% 34.65° 31.90°  50.15 48.65°  49.40°
SA 200 ppm 4656 5021 4839%  32.90° 39.25° 36.08"  57.20° 5485"  56.03"
SA 400 ppm 4522%  49.62*  47.42*" 30.80° 36.40° 33.60°  52.50° 50.90° 51.708
Mean 43418 4797* - 29.048 34.48* - 50.51%  49.07* -

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 ABI

Treatments Picual Manzanillo Mean
Control 0.25 0.19° 0.22%
NAA 50 ppm 0.25" 0.19¢ 0.22%
NAA 100 ppm  0.24® 0.17* 0.20°
SA 200 ppm 0.22° 0.15° 0.18¢
SA 400 ppm 0.23° 0.16* 0.19°¢
Mean 0.24* 0.17° -

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 2014 2015 2016
Treatments Picual Manzanillo Mean Picual Manzanillo Mean Picual Manzanillo Mean
Control 3.29' 3918 3.60°  5.10% 4.48° 479° 3.8 417 4.00%
NAA 50 ppm 3.63" 425 3.94° 545 483% 514 425 4.448 435°
NAA 100 ppm  4.54° 5.16° 485 638" 576 6.07°C 494" 5.36° 5.15¢
SA 200 ppm 6.32° 6.94° 6.63" 837 7.75% 8.06" 677 7.09° 6.93"
SA 400 ppm 5.26° 5.8°¢ 557 7.10* 6.48™ 6.79®  5.65° 6.06° 5.86°
Mean 461 523" - 6.48" 5.86" - 5.09" 543" -

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 2014 2015 2016

Treatments Picual Manzanillo Mean Picual Manzanillo Mean Picual Manzanillo Mean
Control 2.54° 309  2.82P° 395 3.24° 3.60° 2.93¢ 3.20% 3.07°
NAA 50 ppm  2.80% 335 308 422% 3.51° 3.87° 3324 3.43% 3.37¢
NAA 100 ppm  3.64“ 419" 391%¢  506™ 435% 4715 394" 4284 4.10%¢
SA 200 ppm 527" 5.82° 555%  6.90" 6.19° 6.55"  5.86™ 5.90° 5.78*
SA 400 ppm 429" 484 456" 571° 5.00™ 5358 4594 4.92* 4758
Mean 3.71% 426" - 5.17* 4.46" - 4.29% 435" -

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 2014 2015 2016
Treatments Picual Manzanillo Mean Picual Manzanillo Mean Picual Manzanillo Mean
Control 0.34¢ 048" 041> 050 0.70° 0.60" 0.34° 0.51° 0.43°
NAA 50 ppm 0.37° 0.50°  043°  0.53' 0.72¢ 0.63° 0.33¢ 0.50° 0.42¢
NAA 100 ppm  0.44° 0.57°  050° 0.56" 0.75° 0.66° 0.33° 0.50° 0.42¢
SA 200 ppm 0.44° 0.58" 051  0.58¢ 0.78" 0.68" 0.40° 0.66" 0.58"
SA 400 ppm 0.48° 0.62° 055  0.60" 0.80° 0.70* 0.46" 0.63° 0.55"
Mean 041" 0.55" - 0.56" 0.75" - 0.39" 0.56" -

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 2014 2015 2016
Treatments Picual Manzanillo Mean Picual Manzanillo Mean Picual Manzanillo Mean
Control 0.75" 0.82° 079"  1.15° 124 1.20% 0.89¢ 0.97% 0.93°
NAA 50 ppm 0.83¢ 090" 086> 123 1.32° 1274 0.93"% 1.01% 0.97°
NAA 100 ppm  0.90° 0.97°  094° 1.32° 1.41° 1374 1.00° 1.08° 1.04¢
SA 200 ppm 1.05° 1.12° 1.09* 147 1.56" 1.52% 1.11% 1.19° 1.15%
SA 400 ppm 0.97° 1.04° 1013 1.39° 1.48 1.44% 1.06% 1.14® 1.10°
Mean 0.90" 0.97* - 1314 1.40% - 1.00* 1.08" -

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 2014 2015 2016

Treatments Picual Manzanillo Mean Picual Manzanillo Mean Picual Manzanillo Mean
Control 77.20' 79.03¢  78.12° 77.45° 72.32 74.89%  76.70° 76.74° 76.72F
NAA 50ppm  77.13 78.82"  77.98%  77.43" 72.67 75.05¢  78.12¢ 77.25% 77.69°
NAA 100 ppm  80.18"  81.21°  80.70° 79.31¢ 75.52" 7742 79.76° 79.85° 79.81¢
SA 200 ppm 83.39° 83.87  83.63% 82.44° 79.87° 81.16*  83.60° 83.22° 83.414
SA 400 ppm 81.56" 82.31°  81.94% 80.42° 77.16¢ 78.79%  81.24° 81.19° 81.21°
Mean 79.90®  81.05" - 79.414 75.518 - 79.89% 79.65% -

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 2014 2015 2016
Treatments Picual Manzanillo Mean Picual Manzanillo Mean Picual Manzanillo Mean
Control 3.39' 3.77% 3.587  343° 2.61" 3.02F 3.29" 3.30 3.30°
NAA 50 ppm 228 3.72" 3.00"  3.43° 2.66" 3.05" 3.57" 3.40% 3.49"
NAA 100 ppm 4.04' 4.32° 418 3.83° 3.09% 3.46% 3.94° 3.96¢ 3.95%
SA 200 ppm 5.02° 5.20° 5.11%  4.69* 3.97° 433" 5.10° 4.96° 5.03*
SA 400 ppm 4.42° 4.65° 454%  411° 3.38' 3.75° 4.33° 4.32° 433"
Mean 3.83% 4334 - 3.90* 3.15° - 4.05* 3.99% -

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 2014 2015 2016

Treatments Picual Manzanillo Mean Picual Manzanillo Mean Picual Manzanillo Mean
Control 66.95° 69.77° 68.36"  65.64° 67.75° 66.69* 66.52° 68.52% 67.52%
NAA 50 ppm 66.00" 67.45° 66.73%  64.36° 66.09" 65.22" 65.09° 66.25¢ 65.67"
NAA 100 ppm  64.12' 66.75¢ 65.44°  62.89' 65.89° 64.39" 64.00" 66.09¢ 65.04%
SA 200 ppm 64.56" 66.42° 65.49°  63.19" 65.04' 64.11° 63.07" 65.12° 64.10"
SA 400 ppm 62.88 65.89% 64.39"  61.52 65.77° 63.64" 63.89% 66.06* 64.97"
Mean 64.90" 67.25% - 63.52" 66.11* - 64.51° 66.41* -

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 2014 2015 2016

Treatments Picual Manzanillo Mean Picual Manzanillo Mean Picual Manzanillo Mean
Control 33.05" 30.23 31.64° 3436 32.25 33.31° 33.48% 31.48" 32.48"°
NAA 50 ppm 34.00° 32.55' 33.28%  35.64° 3391 34.77" 34.91¢ 33.75' 34.33"
NAA 100 ppm  35.88° 33.25% 34.56° 37.11° 34.11" 35.61% 36.00° 33.91° 34.95¢
SA 200 ppm 35.44° 33.58' 34.51° 36.81° 34.96° 35.88" 36.93" 34.88¢ 35.90*
SA 400 ppm 37.12¢ 34.11¢ 35.62% 38.48" 34.238 36.35% 36.11° 33.94° 35.03"
Mean 35.10% 32.74° - 36.48" 33.89" - 35.49% 33.59° -

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 2014 2015 2016

Treatments Picual Manzanillo Mean Picual Manzanillo Mean Picual Manzanillo Mean
Control 1.40° 1.28° 134 1.52% 1.43° 1.48°  1.49% 1.29" 1.39°
NAA50ppm 1490 141% 1458  1.66° 1.54¢ 1.60°  1.55%% 1.44° 1.50¢
NAA 100 ppm  1.52° 1.49" 151 1.67° 1.64° 1.66%  1.60™ 1.52% 1.56%¢
SA 200 ppm 1.66" 1.66° 166" 1.85° 1.79® 1.82% 1.78 1.70™ 1.74*
SA 400 ppm 150" 151 1518 171 1.68° 1.70°  1.64™ 1.54% 1.59°
Mean 1.51* 1.47% - 1.68" 1.62° - 1.61% 1.50° -

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 2014 2015 2016

Treatments Picual Manzanillo Mean Picual Manzanillo Mean Picual Manzanillo Mean
Control 0.24° 026™ 025  0.20° 0.22% 021 027° 0.29° 0.28%
NAA 50 ppm 0.25¢ 027 0265 021™ 0.23% 022 0.28° 0.30° 0.29¢
NAA 100 ppm 030 0.33 0328 0.26™ 0.29° 0.28%  033¢ 0.36™ 0.35¢
SA 200 ppm 0.42° 043*  043* 038" 0.39* 039 045® 0.46" 0.46*
SA 400 ppm 0.32" 041°  037° 028" 0.37° 0.33% 043" 0.44" 0.40""
Mean 0.31% 0.34" - 0.27% 0.30" - 0.34" 0.37% -

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 2014 2015 2016

Treatments Picual Manzanillo Mean Picual Manzanillo Mean Picual Manzanillo Mean
Control L11%* 1.07°  1.09F 1.02% 0.98° 1.00°  1.24° 1.20' 1.22°
NAA 50 ppm 1.19% 1.23¢ 121°  1.10¢ 1.14° 1.12°  1.32% 1.36% 1.34°
NAA 100 ppm  1.36 127 132° 126" 1.18™ 122° 145 1.40°¢ 1.43¢
SA 200 ppm 1.60° 1.35° 148" 1.50° 1.26° 138" 1.69° 1.48° 1.59%
SA 400 ppm 1.52° 127 140° 142° 1.18™ 130°  161° 1.40%¢ 1.518
Mean 1.36% 1.24% - 1.26% 1.15° - 1.46% 1.37° -

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 ez 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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