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ABSTRACT
This study was conducted during three successive
growing seasons of 2015, 2016 and 2017, in the
experimental farm, faculty of Agriculture, Al kawamell,
Sohag University, Egypt, to evaluate the efficiency of foliar
by macro nutrients at 2.5 to 7.5 g/L and / or nano-boron at
0.025 to 0.1 % on fruiting buds %, growth, yield and fruit
quality of Manzanillo olive grown in sandy soil. These
nutrients were sprayed individually or combined together
three times during the growing season; 1stweek of Jan,
1stweek of March, and 1stweek of May. Single and
combined applications of macro nutrients at 2.5 to 7.5 g/L
and nano-boron at 0.025 to 0.1 % had stimulated the
vegetative growth, shoot length, leaf area and number of
leaves, percentage of N, P, K and B in leaves, fruiting buds
%, yield, fruit weight and dimensions and fruit oils %
compared to the control. The promotion on these
parameters was associated with increasing concentrations
of both applied nutrients. The effect of using macro
nutrients was significantly higher than nano-boron % in
this respect. Combined applications were also better than
using each material alone when carrying out three sprays
at the 1stweek of Jan and ,1stweek of March, and 1stweek of
May. The mixture of macro nutrients at 5 g/l and nanoboron at 0.1 % gave the best results with regard to yield
and fruit quality of Manzanillo olive.
Keywords: Manzanillo olive trees, growth, fruiting
buds, yield, fruit quality, macro nutrients, nano-boron.

INTRODUCTION
Olive is considered one of the most important fruit
crops in Egypt. The total acreage subjected to olive
growing reached about 160157 fed. ,(69633 hc.), with
total production of about 694309 ton fruits (FAO 2016).
Around 30% of this area is grown in the newly
reclaimed lands. The Spanich cv. Manzanillo is the
most important commercial variety in the world
(Hartmann and Papaioannou, 1971). Manzanillo is an
early ripening cultivar and a heavy bearer, used for
table olives and for oil production (Bailey, 1961).
Under sandy soil conditions, olive plants suffer from
deficiency of macro and micro nutrients. Growing olive
trees under such condition weakling tree growth and
consequently reduce its productivity. Therefore, recent
studies prefer to stimulate the growth of olive trees
foliar application of some nutrients can be used. These
elements play an important role in stimulating growth
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and fruiting, moreover stimulating bio-synthesis
through the accumulation of nutrients and hormones
(Nijjar, 1985).
It is considered that using macro nutrients very
essential for plant growth and development as reported
by (Ferreira, 1984) who found that different macro
nutrients had significant influence on olive various
growth aspects of olive tree. It is known that foliar
application does not totally substitute soil applied
fertilizer but it does help increasing the uptake and
promote the efficiency of the nutrients applied to the
soil. This application technique is especially important
for micronutrients while macronutrients foliar sprays
have not been recommended, because these elements
are needed in high quantities and leaves uptake is not
sufficient to supply them (Christensen, 2005). However,
major nutrients can be used because the amount applied
at any time is small and thus it requires several
applications to meet the needs of a crop. The increased
efficiency reduces the need for soil applied fertilizers
and leaching /run-off of nutrients as well as to reduce
the impact of chemicals fertilizer on the environment.
(Venugoplan et al., 1995;Dong et al., 2005; Rezk et
al.,2008).
Boron is a micronutrient that plays an important role
in growth behavior and productivity of fruit trees. It
increases pollen grains germination and pollen tube
elongation, as well as fruit set percentage (Tsalidas et
al., 1994). Moreover, previous studies indicated that
boron foliar application significantly influenced the
survival of Manzanillo and Picual olive cultivars and
increased the tree growth and yield (Maksoud et al.,
2004;Eassa, 2000).
Applying foliar treatment of macro nutrients and
nano-boron is promising treatments that have influenced
growth and production of trees. Thus the objective of
this study was to examine the effect of foliar spray of
macro nutrients and / or nano-boron on the growth, leaf
mineral content, yield and fruit quality of Manzanillo
olive growing in sandy soil.

MATERIALS AND METHODS
This study was conducted during 2015, 2016 and
2017 seasons on 30 trees of Manzanillo olive cultivar.
The trees were about 15- years old and are growing in
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the experimental farm, faculty of Agriculture, Al
kawamell, Souhag University, Egypt. Evaluation of the
effect of foliar application of Macro nutrients (19-1919+1 N.P.K-Mg, Shoura chemicals Co.) and Nanoboron on fruiting buds %, growth, yield and fruit
quality of Manzanillo olive trees were investigated.
Olive trees are planted at 5x5 meter apart (168 tree/fed.)
in sandy soil using drip irrigation system. All
agricultural practices were done regularly for the trees.
Soil analysis was done according to Black (1965)
Table 1. The main physical and chemical properties
of the tested soil
Content
Value
Sand %
76
Silt %
12.0
Clay %
12.0
Texture grade
Sandy
pH( 1: 2.5 extract)
7.35
EC ( 1: 2.5 extract) dsm-1)
2.5
Calcium carbonate %
3.22
Total N%
0.008
Available P ( Olsen, mg kg-1)
2.1
Available K ( ammonium acetate ,
92.4
mg kg-1)
This experiment included ten treatments:
1. Control (sprayed with water only)
2. Spraying macro nutrients at 2.5 g/l
3. Spraying macro nutrients at 5 g/l
4. Spraying macro nutrients at 10 g/l
5. Spraying nano-boron at 0.025 %
6. Spraying nano-boron at 0.5
7. Spraying nano-boron at 0.1 %
8. Spraying (macro nutrients at 2.5 g/l + nano-boron at
0.025 %).
9. Spraying (macro nutrients at 5 g/l + nano-boron at
0.5).
10. Spraying (macro nutrients at 7.5 g/l + nano-boron at
0.1 %).
Each treatment was replicated three times, two tree
per each. Macro nutrients and nano-boron were sprayed
three times at the 1stweek of Jan. the 1stweek of March.
and the 1stweek of May. Triton B as agent was added to
all spraying solutions at 0.05% and spraying was done
till run off.
During the three seasons the following parameters were
recorded:
1- Percentage of fruiting buds.
2- Vegetative growth characteristics such as main
shoot length, number of leaves per shoot and leaf
area (Ahmed and Morsy, 1999).
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3- Amount of N, P and K and B (mg kg-1) on dry
weight basis was recorded in the twenty leaves
4- Yield and number of fruits per tree (in the middle of
October).
5- Physical and chemical characteristics of the fruits
such as fruit weight and dimensions, flesh/stone
ratio and fruit oil percentage were determined
(A.O.A.C., 2000)
Statistical analysis was done using ANOVA
followed by L.S.D at 5% to compare the differences
between treatments means according to Mead et al., (
1993)

RESULTS AND DISCUSSION
The percentage of fruiting buds
Table (2) showed that the percentage of fruiting
buds was significantly increased in response to a single
and combined of macro nutrients treatments (2.5 to 7.5
g/l) and nano-boron (0.025 to 1 %) compared to the
control treatment. The promotion on fruiting buds
percentage was significantly associated with using
macro nutrients than using nano-boron. There was a
gradual stimulation on fruit buds % with increasing
concentrations of macro nutrients from 2.5 to 7.5 g/l
and nano-boron from 0.025 to 1 %. While there was no
significant effect on fruiting buds % with treatments of
macro nutrients at 2.5 g/l and nano-boron at 0.025 %
compared to the control treatment. Combined
applications were significantly favourable than using
each elements alone in this respect. No significant
differences were found within treatments of macro
nutrients at5 g/l + nano-boron at 0.5 % and (Macro
nutrients at 7.5 g/l + nano-boron at 1 %) on fruiting
buds %, therefore, it is recommended to use Macro
nutrients at 5 g/l + nano-boron at 0.5 % for promoting
fruiting buds %. The highest values of fruiting buds
reached 73.1, 50.0 and 78.0 % while the control trees
produced 59.8, 35.9 and 55.8 % fruiting buds, for the
three seasons, respectively. These results coincided with
(Rai and Tewari, 1988;Osman and Abo-Taleb,
1999;Eassa, 2000 & 2006;El- Khawaga, 2007).
Growth characteristics:
Table (3) revealed that all treatment spraying with
macro nutrients at (2.5 to 7.5 g/l) and nano-boron at
(0.025 to 1 %) significantly stimulated shoot length
(except macro nutrients at 2.5 g/L, nano-boron at
0.025%
and
nano-boron
at),number
of
leaves/shoot(except Macro nutrients at 2.5 g/L in the
first season) and leaf area(excepted Macro nutrients at
2.5 g/L in three seasons) compared to the control. Using
macro nutrients at (2.5 to 7.5 g/l) significantly was
superior to using nano-boron at (0.025 to 1 %) in
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Table 2. Effect of foliar application of macro nutrients and nano-boron on fruiting buds, Main shoot length,
number of leaves/shoot and leaf area of Manzanillo olive trees during2015, 2016 and 2017 seasons
Fruiting buds %
Main shoot length No. of leaves/shoot
Leaf area (cm.)2
Treatment
(cm.)
2015 2016 2017 2015 2016 2017 2015 2016 2017 2015 2016 2017
Control
59.8 35.9 55.8 13.0 15.0 14.2 11.8 12.8 11.2 5.08 5.11 5.14
Spraying N P K at 2.5 61.2 36.9 57.0 13.5 15.9 15.4
5.00 5.10 5.24
10.9 13.2 12.2
g/L
Spraying N P K at 5 g/L 65.5 43.5 66.0 14.3 16.6 16.8 13.5 13.6 13.5 5.21 5.31 5.33
Spraying N P K at 7.5 65.4 44.0 68.3 15.0 16.7 17.8
5.26 5.21 5.31
14.2 13.9 13.7
g/L
Spraying Nano-boron at 60.5 35.0 56.4 13.7 15.6 15.0
5.31 5.41 5.50
14.6 12.9 13.9
0.025 %
Spraying Nano-boron at 62.7 37.5 59.2 14.4 16.0 16.1
5.36 5.42 5.51
12.3 12.8 12.8
0.5 %
Spraying Nano-boron at 63.5 38.0 65.3 14.8 16.3 16.4
5.41 5.43 5.42
12.4 13.1 12.5
1%
Macro at 2.5g/L+ Nano- 66.4 49.0 75.0 15.0 16.5 17.2
5.51 5.59 5.60
12.5 13.2 12.9
boron at 0.025 %
Macro at 5 g/L+ Nano- 71.4 50.0 78.0 16.6 17.9 18.6
5.66 5.64 5.70
15.2 14.2 14.5
boron at 0.5 %
Macro at 5 g/L+ Nano- 73.2 50.3 78.4 17.0 19.3 18.8
5.67 3.65 5.71
15.3 14.3 14.6
boron at 1 %
New L.S.D. at 5%
2.0
2.1
2.2
1.2
1.4
1.3
0.2
0.2
2.0
0.07 0.06 0.08
Table 3. Effect of foliar application of macro nutrients and nano-boron on percentages of n, p, k and b content
in the leaves of manzanillo olive trees during2015, 2016 and 2017 seasons
Leaf B (mg kg-1)
N%
P%
K%
Treatment
2015 2016 2017 2015 2016 2017 2015 2016 2017 2015 2016 2017
Control
1.40 1.50 1.46 0.115 0.119 0.120 1.09 1.11 1.12 22.9 23.5 23.7
Spraying Macro at 2.5
1.50 1.53 1.60 0.126 0.130 0.132 1.25 1.19 1.27 23.5 23.8 24.6
g/L
Spraying Macro at 5
1.51 1.56 1.63 0.126 0.133 0.135 1.25 1.22 1.28 23.8 24.2 24.2
g/L
Spraying Macro at 7.5
1.58 1.59 1.67 0.130 0.134 0.136 1.29 1.23 1.30 23.6 23.0 24.3
g/L
Spraying Nano-boron
1.45 1.55 1.61 0.119 0.121 0.119 1.13 1.13 1.13 24.3 25.1 25.4
at 0.025 %
Spraying Nano-boron
1.49 1.56 1.58 0.120 0.124 0.123 1.15 1.19 1.15 25.6 26.0 25.7
at 0.5 %
Spraying Nano-boron
1.50 1.58 1.60 0.122 0.124 0.120 1.14 1.15 1.19 26.5 27.1 27.1
at 1 %
Macroat2.5g/L+Nano
1.75 1.77 1.65 0.126 0.130 0.134 1.25 1.30 1.28 26.7 27.1 27.0
-boron at 0.025 %
Macro at 5 g/L+
1.78 1.80 1.83 0.130 0.135 0.135 1.30 1.39 1.37 27.1 27.1 27.9
Nano-boron at 0.5 %
Macro at 5 g/L+
1.79 1.81 1.81 0.134 0.136 0.137 1.33 1.40 1.38 27.5 27.8 28.0
Nano-boron at 1 %
New L.S.D. at 5%
0.08 0.06 0.07 0.004 0.004 0.005 0.04 0.04 0.05
0.4
0.4
0.5
(0.025
to
1
%)
was
significantly
better
than
using
each
enhancing these growth aspects. Combined applications
element
alone
in
enhancing
these
growth
parameters.
of macro nutrients at (2.5 to 7.5 g/l) and nano-boron at
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Increment concentrations of macro nutrients at (2.5 to
7.5 g/l) and nano-boron at (0.025 to 1 %) failed to show
significant promotion on these growth aspects. The
maximum values were recorded on the trees received
both materials macro nutrients at (7.5 g/l) and nanoboron at (1%).The lowest value of the main shoot
length obtained by the control treatment. These results
were true during three seasons. These positive effects of
the treatments on vegetative growth were in agreement
with (HU and Yang, 1982), (Fandi, 1987;Eassa, 2006)
on boron.
Percentages of N, P, K and B in the leaves:
The content of Percentages of N, P, K and B in the
leaves were significantly varied among the application
of macro nutrients and/or nano-boron and the control
treatment (Table 3). Treating the trees twice with macro
nutrients at (2.5 to 7.5 g/l) and nano-boron at (0.025 to
1 %) were not significant compared to the control
treatment. Spraying the trees with Macro nutrients was
significantly surpassed the application of nano-boron in
stimulating these nutrients, while combined applications
of Macro nutrients
and nano-boron significantly
enhanced these nutrients than using each material alone.
Increasing concentrations of macro nutrients from (2.5
to 7.5 g/l) and nano-boron from (0.025 to 1 %) had no
significant promotion on these nutrients. The maximum
N (1.79, 1.81& 1.81%); P (0.134, 0.136& 0.137%), K
(1.33, 1.40& 1.38 %) and B (27.5, 27.8&28.0 mg kg-1)
were recorded on the trees sprayed with macro nutrients
and nano-boron at the high concentration compared to
the control.. These results were noticeable during three
seasons. As for the reduction in leaf P content might be
attributed to the antagonism between Fe and P (Nawar,
1991). These results agreed to some extent with those of
(Eassa, 2000 and 2006;Chatzissavvids, 2004; Maksoud
et al., 2004;El Seginy et al., 2003;Abd-Ella et al.,
2006).
Davarpanah et al. (2016) indicated that the foliar
application of nano-Zn and nano-B fertilizers in
pomegranate increased the leaf concentrations of both
microelements, reflecting the improvements in tree
nutrient status.
The yield:
Table 4 revealed that treating the trees with macro
nutrients and/or nano-boron was significantly very
effective in enhancing yield in terms of increasing
weight, height and diameter of fruit compared to the
control treatment. The promotion was significantly
related to the increase in concentrations of both macro
nutrients and nano-boron. Increasing concentrations of
macro nutrients from 2.5 to 7.5 g/l and nano-boron from
0.025 to 1 % had negligible promotion on yield. Using
macro nutrients from 2.5 to 7.5 g/l significantly
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improved yield than using nano-boron from 0.025 to 1
%. Using both elements together was significantly
better than using each element alone in improving the
yield. The best results with regard to the yield from
economical point of view were obtained due to treating
the trees with macro nutrients plus nano-boron (7.5 g/l
for macro nutrients and 1 % for nano-boron) compared
to control. Similar results were found during the three
seasons. Increased in yield might be due to more fruit
set, larger fruit and more fruit weight, because of the
role of boron on cell division and cell enlargement and
the volume of intercellular spaces in mesocarpic cells
increased. Also this phenomenon was related to very
high mobility of photosynthetates in developing fruits
that are active and strong sinks (Perica, et al 2001). The
reduction in leaf P content might be attributed to the
antagonism between Fe and P (Nawar, 1991). These
results agreed to some extent with those of (Eassa, 2000
and 2006;Chatzissavvids, 2004;Maksoud et al.,
2004;El Seginy et al., 2003).
Fruit quality:
Table 4and 5 revealed that treating the olive trees
with macro nutrients and/or nano-boron was
significantly enhanced fruit quality in terms of
increasing weight, height and diameter of fruit,
flesh/stone and fruit oil % compared to the control
treatment. The promotion was significantly increased as
concentrations increased of both Macro nutrients and
nano-boron. Increasing concentrations of macro
nutrients from 2.5 to 7.5 g/l and nano-boron from 0.025
to 1 % had no significant promotion on fruit quality.
Using macro nutrients from 2.5 to 7.5 g/l significantly
improved fruit quality compared to nano-boron from
0.025 to 1 %. Using both element together was
significantly preferable than using each element alone
in improving fruit quality. The best results with regard
to fruit quality were obtained after treating the trees
with macro nutrients plus nano-boron at (5 g/l for macro
nutrients and1 % for nano-boron) compared to the
control.
Similar results were announced during the three
seasons. The beneficial effect of these nutrients in
synthesis of various organic foods and activating both
cell division and cell enlargement (Nijjar, 1985) could
explain the positive influence of such elements on
growth and development of fruits. These results are in
accordance with those obtained by (Hanson,
1991;Eassa, 2000 and 2006;Chatzissavidis et al.,
2004;El-Khawaga, 2007).
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Table 4.Effect of foliar application of macro nutrients and nano-boron on the yield, fruit weight, fruit
diameter and fruit height of the fruits of manzanillo olive trees during 2016 and 2017 seasons
Yield/tree (kg)
Fruit weight (g)
Fruit diameter(cm) Fruit height (cm)
Treatment
2015 2016 2015 2016 2015 2016 2015 2016 2017 2015 2016 2017
Control
20.8 15.2 22.6
4.2
4.8
4.5 1.81 2.02 1.85 2.25
2.4
2.3
Spraying Macro at 2.5
22.4 17.2 23.4
g/L
4.5
5.1
5.2 1.83 2.04 1.89 2.32 2.43 2.33
Spraying Macro at 5
24.5 18.4 25.8
g/L
4.7
5.4
5.4 1.90 2.07 1.90 2.35 2.46 2.36
Spraying Macro at 7.5
26.5 18.7 26.5
g/L
5.6
6.5
5.9 1.96 2.13 1.99 2.40 2.47 2.37
Spraying Nano-boron at
23.1 16.8 25.2
0.025 %
4.4
5.1
5.2 1.85 2.10 1.90 2.39 2.50 2.40
Spraying Nano-boron at
24.3 17.6 23.1
0.5 %
5.2
6.1
5.9 1.92 2.12 1.92 2.41 2.53 2.43
Spraying Nano-boron at
25.1 18.2 24.5
1%
5.6
6.4
6.1 1.93 2.13 1.93 2.42 2.54 2.44
Macro
at
2.5g/L+
24.3 17.2 26.4
Nano-boron at 0.025 %
5.8
6.6
6.3 1.96 2.15 1.95 2.46 2.57 2.47
Macro at 5 g/L+ Nano27.2 18.6 27.4
boron at 0.5 %
6.1
7.1
6.4 2.07 2.27 2.11 2.49
2.6
2.5
Macro at 5 g/L+ Nano27.5 18.8 27.8
boron at 1 %
6.2
7.2
6.4 2.11 2.25 2.13 2.50 2.61 2.51
New L.S.D. at 5%
1.08 0.85 1.09
0.7
0.6
0.8 0.02 0.02 0.02 0.02 0.02 0.02
Table 5. Effect of foliar application of macro nutrients and nano-boron on fruit oil percentage and flesh/stone
of the fruits of manzanillo olive trees during 2016 and 2017 seasons
Flesh/stone
Fruit oil percentage (%)
Treatment
2015
2016
2015
2016
2015
2016
Control
18.9
19.9
18.6
2.650
2.49
2.44
Spraying Macro at 2.5 g/L
18.9
20.4
18.7
2.55
2.56
2.50
Spraying Macro at 5 g/L
2.60
2.59
19.2
20.0
18.9
2.55
Spraying Macro at 7.5 g/L
19.3
20.0
19.2
2.61
2.60
2.55
Spraying Nano-boron at 0.025 %
19.7
19.5
18.8
2.66
2.66
2.70
Spraying Nano-boron at 0.5 %
19.1
20.2
18.8
2.71
2.69
2.65
Spraying Nano-boron at 1 %
19.3
20.1
19.1
2.72
2.72
2.70
Macro at 2.5g/L+ Nano-boron at 0.025 %
19.5
20.2
19.2
2.77
2.78
2.73
Macro at 5 g/L+ Nano-boron at 0.5 %
19.8
20.6
19.5
2.80
2.82
2.75
Macro at 5 g/L+ Nano-boron at 1 %
19.5
20.7
19.7
2.81
2.83
2.79
New L.S.D. at 5%
0.2
0.3
0.2
0.03
0.03
0.03
CONCLUSION
Carrying out three foliar sprays at the 1stweek of
Jan, the 1stweek of March, and the 1stweek of May by a
mixture of macro nutrientsat7.5 g/l and nano-boron at 1
% gave the best results with regard to yield and fruit
quality of Manzanillo olive grown in sandy soil.

Association of Official Agricultural Chemists, 2000. Official
Methods of Analysis (A.O.A.C), 12th Ed., Benjamin
Franklin Station, Washington D.Q, U.S.A. pp: 490-510.
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