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Effect of foliar application of boron trioxide
and zinc oxide nanoparticles on leaves
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Abstract

Background and objective: Olive tree is one of the most important and a widely distributed tree grown in many
arid and semi-arid areas of the world. The production of olive in these areas is generally low due to the poor soil
fertility. Zinc is one of the essential micronutrients for plants, and its deficiency is common in many crops. Boron
deficiency is also a common micronutrient problem in agriculture, which results in reducing of yield production
and quality. Nanotechnology has emerged as one of the most innovative scientific field in agriculture. So the
objective of this work is determine the appropriate concentration of nano-zinc and nano-boron to reach the best
olive fruits yield and improve its chemical and morphological traits.

Materials and methods: The present investigation has been made during two successive seasons of 2017 and
2018 in a private orchard located at Ismailia governorate, Egypt, to study the effect of foliar application of boron
nanoparticles at a rate of 10 and 20 ppm and zinc nanoparticles at a rate of 100 and 200 ppm on leaf chemical
composition, yield, and fruit quality of Picual olive tree.

Results: The application of boron and zinc nanoparticles in different concentration was able to effect on the
qualitative and quantitative characteristics of Picual cultivar in the first and second seasons, respectively, compared
with the control treatment leaves mineral content and pigments, fruit set percent, fruit drop percent, fruits yield,
fruit physical, and chemical characteristics. Moreover, spraying Picual cultivar with nano-boron at 20 ppm + nano-
zinc at 200 ppm (T8) is the best treatment in this study to obtain the maximum final fruit set which led to harvest
the maximum fruits yield with the high seed oil percentage and low acidity in the first and second seasons,
respectively.

Conclusion: It could recommend that spraying Picual olive trees with nano-boron at 20 ppm + nano-zinc at 200
ppm is the best treatment in this study to obtain the maximum final fruit set which led to harvest the maximum
fruits yield with the high seed oil percentage and low acidity.

Keywords: Olive (Olea europaea L.), Picual cultivar, Nanoparticles, Leaf traits, Fruit traits, Quality traits, Oil content, Oil
chemical traits
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Introduction
Olea europaea L., family Oleaceae, is one of the most
important and a widely distributed tree grown in many
arid and semi-arid areas of the world. The production of
olive in these areas is generally low due to poor soil fer-
tility. In the Near East and North Africa countries, the
area cultivated with olives was 3,772,989 ha, and olive
production was 4,044,696MT. Oil production was 556,
354 T (FAO, 2010). Tunisia is the largest southern Medi-
terranean countries producing olive and olive oil.
Tunisia is the second largest country in the world after
the European Union and the fourth post country after
Spain, Italy, and Greece (Gharbi et al., 2014). Now, ac-
cording to the latest statistics of the Egyptian Ministry of
Agriculture in 2012, the total cultivated land with olive
is 202,743 fed., 14,353 fed. of this area in the old land,
and 188,390 fed. in the new land. The total production is
563,070 T; 76,017 T are in old land while 487,053 T in
new land (El-Hassanin et al., 2015). Pereira et al. (2018)
reported that total cultivated land with olive in Egypt
was 139,000 ha which gave 522,710 ton.
Olive farming requires efficient fertilizer management,

which minimizes the hazards of excessive mineral fertil-
izers due to their negative environmental impact and
maximizes the economic feasibility and cost efficiency of
fertilization (Gastal and Lemaire, 2002).
Nanotechnology has emerged as one of the most in-

novative scientific field in agriculture, which has at least
one dimension ranging from one to 100 nm. It provides
an opportunity to develop improved systems for moni-
toring environmental conditions and delivering nutrients
or pesticides as appropriate, improve our understanding
of the biology of different crops, and thus potentially en-
hance yields or nutritional values. Besides, it can offer
routes to added value crops or environmental remedi-
ation. The science of nanotechnology can work at the
atomic, molecular, and even sub-molecular levels to cre-
ate and use material structures, devices, and systems
with new properties and functions (Jha et al., 2011).
The microelements that the plant needs in small

amounts play an important role in the metabolic pro-
cesses that take place inside the plant. Zinc is one of the
essential micronutrients for plants, and its deficiency is
common in many crops (Marschner, 2012 and Ojeda-
Barrios et al., 2014). Zinc is required for the activity of
different enzymes, including dehydrogenases, aldolases,
iso-merases, transphosphorylases, RNA, and DNA poly-
merases, and involved in the synthesis of tryptophan, cell
division, maintenance of membrane structure, and
photosynthesis, and acts as regulatory cofactor in protein
synthesis (Marschner, 2012). Boron (B) deficiency is also
a common micronutrient problem in agriculture, which
results in yield reductions and impaired crop quality
(Barker and Pilbeam, 2007). Boron plays avid of role in

plants; it has positive effects on the germination of
pollen grains, the elongation of pollen tube, fruit set, and
yield and is also indirectly responsible for the activation
of dehydrogenase enzymes, sugar translocation, nucleic
acids, and plant hormones (El-Sheikh et al., 2007 and
Marschner, 2012).
Therefore, this work is aimed to investigate the effect

of spraying different concentrations of nano-boron and
zinc on leaf, fruit yield, and quality of olive.

Materials and methods
This study was carried out during two successive seasons
(2017 and 2018) in a private orchard located at Ismailia
governorate, Egypt. The study was conducted on 8 years
old olive trees of Picual cv., planted at 4 × 6m apart
grown in sandy soil, under drip irrigation system. The
selected trees were uniformed in shape and received the
common horticultural practices. The orchard soil ana-
lysis is given in Table 1, and the irrigation water analysis
is given in Table 2 according to procedures which are
outlined by Wild et al. (1985).

Chemical synthesis of zinc oxide (ZnO) nanoparticles
The transmission electron microscopy picture of nano-
particles of zinc oxide is presented in Fig. 1. Zinc sulfate
heptahydrate and sodium hydroxide will be used in the
experiments. To the aqueous solution of zinc sulfate, so-
dium hydroxide solution will be added slowly drop wise
in a molar ratio of 1:2 under vigorous stirring, and the
stirring will be continued for 12 h. The precipitate ob-
tained will be filtered and washed thoroughly with de-
ionized water. The precipitate will be dried in an oven at
100 °C and ground to fine powder using agate mortar
(Mohan et al., 2013).

Table 1 Physical and chemical properties of the orchard soil

Parameters Depth of simple (cm)

Surface sample 30 cm depth 60 cm depth

pH 8.02 8.70 8.11

EC(dSm-1) 3.80 0.80 1.70

Soluble cations (meq\l)

Ca++ 6.00 2.50 3.00

Mg++ 4.00 1.50 1.50

Na+ 28.60 4.40 12.90

K+ 0.12 0.14 0.78

Soluble anions (meq\l)

HCO3
− 4.40 2.40 2.00

Cl− 27.20 5.00 13.00

SO4
= 7.12 1.14 3.18
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Physical synthesis of boron trioxide nanoparticles by ball
milling
The transmission electron microscopy picture of nano-
particles of boron trioxide is presented in Fig. 2. Boron
trioxide is produced by heating boric acid above ~ 300
°C. Boric acid will initially decompose into steam, (H2O)
and metaboric acid (HBO2), at around 170 °C, and

further heating above 300 °C will produce more steam
and boron trioxide (Kocakuşak et al., 1996).
The reactions are as follows:

H3BO3→HBO2 þH2O 2 HBO2→B2O3 þH2O

In this work, an attempt has been made to modify the
microsized B2O3 powder into nanosized B2O3 powder
using a ball mill according to (Alizadeh et al., 2015). The
sample was taken out after 2 h of milling, and it was
characterized for the crystallite size by transmission elec-
tron microscopy. The size of the nanostructure of parti-
cles for the total duration of 2 h was in the range of 20
to 50 nm, and the shape of particles was round.
This experiment was designed to study the effect of

spraying Picual olive trees with nano-boron and nano-
zinc at different concentrations (27 trees for all treat-
ments) during two studied seasons as follows:

T0—control treatment (spray with distilled water only)
T1—nano-boron at 10 ppm
T2—nano-boron at 20 ppm
T3—nano-zinc at 100 ppm
T4—nano-zinc at 200 ppm

Table 2 Chemical characteristics of the irrigated water used in
present study

Parameters Values

pH 7.49

EC(dSm-1) 4.40

Soluble cations (meq/l)

Ca++ 7.50

Mg++ 5.00

Na+ 33.1

K+ 0.16

Soluble anions (meq/l)

HCO3
− 1.60

Cl− 40.00

SO4
−2 4.16

Fig. 1 Nanoparticles of zinc oxide composition average size of 17 nm (range from 16 to 18 nm)
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T5—nano-boron at 10 ppm + nano-zinc at 100 ppm
T6—nano-boron at 10 ppm + nano-zinc at 200 ppm
T7—nano-boron at 20 ppm + nano-zinc at 100 ppm
T8—nano-boron at 20 ppm + nano-zinc at 200 ppm

All treatments were applied at three different dates,
i.e., the first one at mid of December, the second before
the flowering (during March), and the third one during
full bloom (April). Each treatment was represented by
three replicates (one tree per replicate) which were
chosen randomly on early October of each season;
twenty healthy 1-year-old branches well distributed
around the canopy were randomly selected and labeled
(5 branches for each direction) for carrying out the fol-
lowing measurements:

Leaf traits
Leaves needed were randomly sampled from the previ-
ously labeled branches per each tree/replicate on the
second week of September, whereas 2–3 leaves from
every branch (4th and 5th leaves from the branch base)

were picked then mixed as a composite for carrying out
the following chemical analysis:

Leaf pigments Pigments, i.e., chlorophyll a, b, and caro-
tene as (mg/g f.w) were colormetrically determined in
fresh leaf samples at wave length of 660, 640, and 440
nm for chlorophyll a, b, and carotene, respectively, ac-
cording to Wettestien (1957).

Leaves mineral content Leaves sample from each tree/
replicate was separately oven dried at 70 °C till constant
weight and then grounded for determination the follow-
ing nutrient elements (Percentage from the dry weight):

Nitrogen percentage was estimated using the modified
micro Kjeldahl method as lined by Pregl (1945).
Phosphorus percentage was estimated as described by
Chapman and Pratt (1961).
Potassium percentage was determined
flamephotometerically according to Brown and
Lilleland (1946).

Fig. 2 Nanoparticles of boron trioxide composition average size 35 nm (range from 28 to 41 nm)
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Iron and zinc as ppm was determined
spectrophotometerically using atomic absorption
(Model, spectronic 21 D) as described by Jackson
(1973).
Boron as ppm was determined by the curcumin
method by Dible et al. (1954).

Fruit set and fruit drop
Fruit set percentage as number of fruits/meter at two
times first after 20 days from full bloom as initial fruit
set and the second 60 days after full bloom as final fruit
set according to Fernandez and Gomez (1985). Final
fruit set and fruit drop percentages were estimated as
follows:

Initial fruit set ð%Þ ¼ fTotal number of set fruit ð20 days after full bloomÞ
=shootg � 100= Total number of flowers=shootð Þ

Final fruit set %ð Þ ¼ fTotal number of set fruit ð60 days after full bloomÞ
=shootg � 100= Total number of flowers=shootð Þ

Fruit drop %ð Þ ¼ initial fruit set−final fruit setð Þ=initial fruit set½ � � 100

Fruit yield
Fruits were harvested at the ripening stage on the end of
October in 2017 and 2018 years. Each individual tree
was harvested manually, and the weight of fruits/tree for
all trees was measured. Average yield (kg)/tree was de-
termined for each treatment.

Fruit morphological traits
Thirty fruits per each tree were randomly selected for
carrying out the fruit quality measurements:

Fruit weight It was determined by weighing the samples
(30 fruits) by ordinary balance with 0.01 g sensitivity,
and average weight per fruit was calculated.

Pulp weight It was determined by weighing the samples
(30 fruits and their seeds), and average weight of pulp
was calculated.

Pulp/seed ratio Values were calculated by dividing the
weight of the pulp over the weight of the seed.

Fruit length (cm) It was measured by digital caliper for
length the sample (30 fruits), and the average weight of
pulp was calculated.

Fruit diameter (cm) It was measured by digital caliper
for the diameter of the sample (30 fruits), and average
weight of pulp was calculated.

Fruit chemical traits

Fruit oil content percentage (%) Oil percentage was
determined in the fruit flesh on dry weight basis using
Soxhlet oil extraction apparatus with hexane 60–80 °C
boiling point, according to Banat et al. (2013).

Acid value of oil It was determined according to the
Dieffenbacker and Pocklington (1992), since 5 g of oil
was accurately weighed in a 250-ml dry conical flask
with about 100 ml of neutralized 50% ethanol + 50% pet-
roleum ether to dissolve the oily sample. The acidity of
the sample was determined by titration with 0.1 N of po-
tassium hydroxide solution in the presence of phenol-
phthalein as an indicator. The acid value was calculated
according to the following equation.

Acid percentage ¼ V �N� 5:61� 100
Sample weight

where V = volume of KOH solution and N = normality
of potassium hydroxide solution.

The peroxide value of oil The peroxide value was de-
termined according to Jacobs (1959) by dissolving 5 g of
the oil in a mixture consisting of 60% glacial acetic acid
+ 40% chloroform. The solution was treated with ap-
proximately 0.5 ml of a saturated solution of potassium
iodide in a glass Stoppard flask. The flask was shacked
in rotary for exactly 2 min, after which 30ml of distilled
water was added, and the liberated iodine was titrated
with 0.01 N sodium thiosulfate using 1% of the starch
solution as external indicator.
The results were calculated in mill moles per kilogram

oil according to the following equation.

Peroxide value ¼ 0:5�N� V � 100
Sample weight

where N = normality of sodium thiosulfate solution and
V = volume in milliter of sodium thiosulfate needed for
titration.

Iodine value of oil The degree of the instauration of oil
was determined by measuring the amount of halogen
absorbed by the oil as stated in Dieffenbacker and Pock-
lington (1992) since 0.1–0.5 g of oil was dissolved in 10
ml of chloroform, and 25 ml of Hanus iodine solution
was added. After 30 min, 10 ml of 15% potassium iodide
solution and 100 ml of freshly boiled cooled distilled
water were added. The liberated iodine was titrated with
0.1 N of sodium thiosulfate using the starch indicator.

Genaidy et al. Bulletin of the National Research Centre          (2020) 44:106 Page 5 of 12



Iodine value ¼ V1‐V2ð Þ �N� 12:69
Sample weight

where N = normality of sodium thiosulfate solution,
V1 = volume in milliliter of sodium thiosulfate needed
for titration blank, and V2 = volume in milliter of so-
dium thiosulfate needed for titration sample.

Experimental design and statistical analysis
The experimental layout was a randomized complete
block design (RCBD) with three replicates for each treat-
ment. All obtained data during both 2017 and 2018 ex-
perimental seasons were subjected to analysis of
variances (ANOVA) according to Snedecor and Cochran
(1980) using the MSTAT program. Least significant
ranges (LSR) were used to compare between means of
treatments according to Duncan (1955) at the probabil-
ity of 5%.

Results
Leaf pigments
The results in Table 3 showed that trees sprayed with
nano-boron at 10 ppm + nano-zinc at 200 ppm (T6)
gave the highest value of chlorophyll (1.70 mg/g f.w) in
the first season. Otherwise, in the second season spray-
ing nano-boron at 20 ppm + nano-zinc at 200 ppm (T8),
nano-boron at 10 ppm + nano-zinc at 200 ppm (T6),
and nano-boron at 10 ppm + nano-zinc at 100 ppm (T5)
recorded the maximum values (1.64, 1.63, and 1.61 mg/
g, respectively, f.w) compared with the other treatments.
On the other side, spraying with nano-boron at 10 ppm
(T1) exhibited the minimum leaf chlorophyll content
(1.03 mg/g f.w) with insignificant differences between
T0, T1, T3, and T7, respectively, in the first season.
Meanwhile, the control trees gave the lowest value (1.32
mg/g f.w) with insignificant differences between T0, T2,
T3, and T7, respectively, in the second season.

The results presented in the Table 3 indicated that leaf
chlorophyll b content was affected by conducted treat-
ments. As for tree spraying with nano-boron at 10 ppm
+ nano-zinc at 100 ppm (T5) and nano-boron at 20 ppm
+ nano-zinc at 200 ppm (T8) recorded the largest values
in this respect, since there were 0.59 and 0.59 mg/g f.w
and 0.59 and 0.58 mg/g f.w in the first and second sea-
sons, respectively. Meanwhile, on the other side, the
lowest chlorophyll b content was found with nano-zinc
at 100 ppm (T3) (0.37 mg/g f.w) in the first season and
control treatment (0.47 mg/g f.w) in the second seasons,
respectively.
The results in Table 3 showed that different treat-

ments led to significant differences in leaf content of
carotene in both seasons. Spraying with nano-boron at
20 ppm (T2) and spraying with nano-boron at 10 ppm +
nano-zinc at 100 ppm (T5) produced the highest values
of carotene content (0.53 and 0.75 mg/g f.w for both
treatment, respectively) in the first and second seasons,
respectively. Furthermore, spraying trees with nano-
boron at 10 ppm (T1) gave the minimum value of caro-
tene content (0.39 mg/g f.w) with insignificant differ-
ences between T1 and T6 in this regard in the first
season, while in the second one, untreated trees (con-
trol) exhibited the minimum value (0.66 mg/g f.w) in this
respect with insignificant differences between T0, T1,
T2, T3, T6, and T7, respectively.

Leaf mineral contents
It is clear from the results in Table 4 that the most dif-
ferent spraying treatments significantly increased the leaf
percentage of nitrogen than the control treatment dur-
ing both seasons, respectively. Trees sprayed with nano-
boron at 10 ppm + nano-zinc at 100 ppm (T5) gave the
highest value (1.91 and 2.06%) in the first and second
seasons, respectively. On the other contrary, the control
trees gave the minimum leaf percentage of nitrogen

Table 3 Effect of foliar application of B2O3 and ZnO nanoparticles on leaf pigments of Picual cultivar in 2017 and 2018 seasons

Treat. Chlorophyll a (mg/g f.w) Chlorophyll b (mg/g f.w) Carotene (mg/g f.w)

2017 2018 2017 2018 2017 2018

T0 1.33 bcd 1.32 d 0.47 e 0.47 d 0.42 ef 0.66 d

T1 1.03 d 1.55 b 0.56 b 0.56 ab 0.39 g 0.69 cd

T2 1.49 abc 1.37 cd 0.54 bc 0.50 c 0.53 a 0.68 d

T3 1.06 d 1.33 cd 0.37 f 0.50 c 0.50 b 0.68 d

T4 1.40 abc 1.40 c 0.52 cd 0.52 c 0.44 d 0.72 bc

T5 1.63 ab 1.61 ab 0.59 a 0.59 a 0.43 d 0.75 a

T6 1.70 a 1.63 a 0.58 a 0.56 b 0.40 fg 0.69 cd

T7 1.27 cd 1.33 cd 0.50 d 0.50 c 0.42 de 0.67 d

T8 1.65 ab 1.64 a 0.59 a 0.58 a 0.46 c 0.73 ab

Mean in each column with similar letters is not significantly different at 5% level
T1, nano-boron at 10 ppm; T2, nano-boron at 20 ppm; T3, nano-zinc at 100 ppm; T4, nano-zinc at 200 ppm; T5, nano-boron at 10 ppm + nano-zinc at 100 ppm; T6,
nano-boron at 10 ppm + nano-zinc at 200 ppm; T7, nano-boron at 20 ppm + nano-zinc at 100 ppm; T8, nano-boron at 20 ppm + nano-zinc at 200 ppm
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(1.72 and 1.53%) in the first and second seasons, respect-
ively. Moreover, insignificant differences were detected
between T0 and T1 in the first season and between T5
and T6 in the second one, respectively.
Concerning phosphorus percentage in leaves, the re-

sults in Table 4 cleared that trees spraying with
nano-boron at 10 ppm + nano-zinc at 200 ppm (T6)
and nano-boron at 20 ppm + nano-zinc at 200 ppm
(T8) exhibited the maximum of phosphorus percent-
ages in leaves (0.235 and 0.234% for T6 and T8, re-
spectively) in both studied seasons, respectively.
Meanwhile, the control sprayed trees with nano-zinc
at 100 ppm (T3) recorded the lowest percentages in
this regard (0.214 and 0.214%, for T0 and T3, re-
spectively) in the first season. On the other hand, the
application with nano-zinc at 100 ppm only (T3) re-
corded the lowest value since it was (0.203%) in the
second season. Moreover, in the first season, insignifi-
cant differences were found between cont, T1, T2,
T3, and T4 and also between T5 and T6. While in
the second season, the same situation was found with
cont, T3 and T5 and between T0, T1, T2, T6, T7,
and T8, respectively.
It is clear from the results in Table 4 that differ-

ent treatments affected in leaf percentage of potas-
sium in both seasons. Spraying with nano-boron at
20 ppm + nano-zinc at 200 ppm (T8) and spraying
with nano-boron at 20 ppm (T2) produced the high-
est percentages of K in leaves (1.64 and 1.40%) in
the first and second seasons, respectively. However,
the control treatment recorded the lowest values in
this respect (1.21 and 1.27%) in the first and second
seasons, severally. Other treatments were intermedi-
ate in this respect. Insignificant differences were re-
corded between T3, T4, T7, and T8 in the first
season and between T2, T7, and T8 as well as

between cont, T1, T4, T5, and T6 in the second
season.
It is clear from the results in Table 4 reviled that all

different spraying treatments significantly affected leaf
Fe during both seasons. Trees treated with nano-boron
at 10 ppm + nano-zinc at 100 ppm (T5) gave the max-
imum values in this respect (305.1 and 297.6 ppm) in the
first and second seasons, respectively, compared with the
other treatments and control trees. Otherwise, spraying
with nano-boron at 20 ppm + nano-zinc at 100 ppm
(T7) exhibited the minimum leaves iron (223.7 ppm) in
the first season. Meanwhile, spraying by nano-zinc at
100 ppm (T3) gave the lowest value (197.1 ppm) in the
second one. Other treatments were in between range in
this regard.
Data presented in Table 4 indicated that leaves zinc

content was affected by conducted treatments. As for
tree spraying with nano-boron at 20 ppm + nano-zinc at
100 ppm (T7) recorded the highest values in this regard
since there were (32.00 and 34.09 ppm) in both studied
seasons, respectively. On the other hand, the lowest
values were observed with treatments of control and
nano-boron at 10 ppm + nano-zinc at 200 ppm (T6)
since there were (26.40 and 29.20 ppm) in both studied
seasons, respectively, other treatments in between the
range.
The results in Table 4 showed that most treatments

led to different significant influence on leaves boron
content in both seasons. Spraying with nano-boron at
20 ppm + nano-zinc at 200 ppm (T8) and nano-boron at
10 ppm + nano-zinc at 200 ppm (T6) produced the high-
est significant values (31.08 and 30.35 ppm) in the first
season, whereas foliar application by nano-boron at 20
ppm (T2) obtained the maximum of leaf boron (38.50
ppm) in the second season as compared with other
treatments. On the other side, the minimum content of

Table 4 Effect of foliar application of B2O3 and ZnO nanoparticles on leaf minerals content of Picual cultivar in 2017 and 2018
seasons

Treat. N (%) P (%) K (%) Fe (ppm) Zn (ppm) B (ppm)

2017 2018 2017 2018 2017 2018 2017 2018 2017 2018 2017 2018

T0 1.72 e 1.53 e 0.214 c 0.219 abc 1.21 d 1.27 d 297.0 b 203.7 g 26.40 g 30.26 cd 28.31 b 35.18 c

T1 1.72 e 1.66 c 0.215 c 0.224 ab 1.50 c 1.33 abcd 297.1 b 224.1 e 27.23 f 29.83 de 28.63 b 35.26 c

T2 1.84 c 1.63 cd 0.216 c 0.225 ab 1.55 bc 1.40 a 265.3 d 199.3 h 28.40 e 30.93 c 28.97 b 38.50 a

T3 1.88 b 1.60 d 0.214 c 0.203 c 1.60 ab 1.37 abc 230.6 f 197.1 i 29.16 d 30.80 c 25.03 cd 28.57 f

T4 1.86 bc 1.61 d 0.218 c 0.209 bc 1.62 ab 1.32 bcd 249.7 e 286.2 c 30.83 b 33.30 ab 25.25 c 35.11 c

T5 1.91 a 2.06 a 0.231 a 0.204 c 1.56 bc 1.28 d 305.1 a 297.6 a 28.33 e 30.23 cd 21.23 e 32.97 d

T6 1.72 e 2.04 a 0.235 a 0.231 a 1.56 bc 1.30 cd 269.0 c 212.8 f 28.06 e 29.20 e 30.35 a 33.07 d

T7 1.75 d 1.74 b 0.224 b 0.231 a 1.57 abc 1.38 ab 223.7 g 231.6 d 32.00 a 34.09 a 24.4 d 31.65 e

T8 1.84 c 1.77 b 0.232 a 0.234 a 1.64 a 1.39 ab 298.0 b 294.4 b 30.16 c 32.86 b 31.08 a 37.50 b

Mean in each column with similar letters is not significantly different at 5% level
T1, nano-boron at 10 ppm; T2, nano-boron at 20 ppm; T3, nano-zinc at 100 ppm; T4, nano-zinc at 200 ppm; T5, nano-boron at 10 ppm + nano-zinc at 100 ppm; T6,
nano-boron at 10 ppm + nano-zinc at 200 ppm; T7, nano-boron at 20 ppm + nano-zinc at 100 ppm; T8, nano-boron at 20 ppm + nano-zinc at 200 ppm
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leaves boron was found with trees sprayed by nano-
boron at 10 ppm + nano-zinc at 100 ppm (T5) in this re-
spect (21.23 ppm) in the first season and with nano-zinc
at 100 ppm (T3) since it was (28.57 ppm) in the second
season.

Fruit set, fruit drop, and yield
Data presented in Table 5 revealed that final fruit set
percentage was affected by conducted treatments. Tree
spray with nano-boron at 20 ppm + nano-zinc at 200
ppm (T8) and nano-boron at 20 ppm + nano-zinc at
100 ppm (T7) cleared the maximum values (31.41 and
30.96%), respectively, in the first season. However, trees
spray with nano-boron at 20 ppm + nano-zinc at 200
ppm (T8) recorded the highest fruit set percentage; it
was 23.91% in the second season. On the other side, the
lowest values were recorded with the treatment of nano-
boron at 10 ppm + nano-zinc at 100 ppm (T5) and the
control treatment (21.57 and 15.90%) in both studied
seasons, respectively. Other treatments were in between
the range. Also, insignificant differences were detected
between the treatments from T1 to T5 in the first
season.
Concerning fruit drop percentage, the results in Table

5 showed that the fruit drop percentage was affected by
most concentrations treatments. Treated trees with
nano-boron at 10 ppm + nano-zinc at 200 ppm (T6) had
the minimum fruit drop (19.85%) in the first season, but
spraying with nano-boron at 20 ppm + nano-zinc at 200
ppm (T8) gave the lowest fruit drop percentage (21.85%)
in the second season. On the other hand, trees received
nano-zinc at 200 ppm (T4), and the control treatment

presented the maximum fruit drop percentages since it
was (37.00 and 30.02%) in the first and second seasons,
respectively. On the other side, other treatments were
intermediate in this respect. Insignificant differences
were found between T1, T2, T3, T4, T7, and T8 as well
as between T0 and T6 in the first season and between
T0, T3, T4, and T5 and also between T1, T2, T4, T6,
T7, and T8 in the second season.
Regard to yield, the results in Table 5 revealed that the

most treatments significantly increased yield as (kg) per
tree than the control in both seasons. In this manner,
spraying trees with nano-boron at 20 ppm + nano-zinc
at 200 ppm (T8) produced the highest yield per tree
(29.33 and 23.87 kg/tree) in the first and second seasons,
respectively. On the other side, spraying with nano-
boron at 10 ppm (T1) and the control trees exhibited the
minimum of yield values in this regard (22.33 and 17.10
kg/tree) in both studied seasons, respectively. In the first
season, insignificant differences were recorded between
T3, T4, T5, T7, and T8 and between T0, T1, T2, and T6
while in the second season the same situation was no-
ticed with T0, T1, and T2.

Fruit physical properties
Data cleared in Table 6 indicated that fruit weight was
significantly affected by spraying nano-boron and zinc in
the two studied seasons. Tree spraying with nano-boron
at 20 ppm + nano-zinc at 100 ppm (T7) recorded the lar-
gest fruit weight (6.90 g) in the first season with insignifi-
cant differences between T4, T6, T7, and T8,
respectively. Furthermore, in the second season, data
clear that spraying with nano-boron at 20 ppm + nano-
zinc at 200 ppm (T8) gave the largest significant value
(6.83 g) in this respect. In addition, untreated trees (con-
trol) obtained the minimum significant values of fruit
weight (4. 94 and 5.64 g) during the first and second sea-
sons, respectively.
The results presented in Table 6 showed that all differ-

ent treatments increase pulp weight as compared with
control treatment. As for tree spray with nano-boron at
20 ppm + nano-zinc at 100 ppm (T7) and tree spray with
nano-boron at 20 ppm + nano-zinc at 200 ppm (T8) re-
corded the highest values in this respect, since there
were 5.90 and 5.88 g in both studied seasons, respect-
ively, with insignificant differences between T4, T6, T7,
and T8, in the first season only. Meanwhile, the lowest
values of pulp weight were under control treatment
(4.07 and 4.80 g) in this regard during the first and sec-
ond seasons, respectively.
Also, data in Table 6 reported that most treatments af-

fected in pulp: seed ratio than the control in the first
and second seasons. In this manner, spraying trees with
nano-boron at 20 ppm + nano-zinc at 200 ppm (T8) pro-
duced the maximum ratio (7.25) in this respect during

Table 5 Effect of foliar application of B2O3 and ZnO
nanoparticles on fruit yield traits of Picual cultivar in 2017 and
2018 seasons

Treat. Final fruit set (%) Fruit drop (%) Yield (kg/tree)

2017 2018 2017 2018 2017 2018

Cont. 23.88 c 15.90 g 20.65 c 30.02 a 25.67 bcde 17.10 f

T1 23.59 cd 17.49 f 33.09 a 25.05 bc 22.33 e 17.20 f

T2 21.95 cd 18.53 de 36.39 a 24.37 bc 24.00 cde 17.63 f

T3 22.93 cd 17.60 ef 34.56 a 26.73 ab 27.33 abc 19.23 e

T4 22.54 cd 18.50 de 37.00 a 26.38 abc 28.67 ab 20.33 d

T5 21.57 d 18.73 d 26.71 b 26.54 ab 26.67 abcd 20.50 d

T6 25.89 b 21.97 b 19.85 c 24.06 bc 23.33 de 23.00 b

T7 30.96 a 20.75 c 33.84 a 21.97 c 26.33 abcd 22.13 c

T8 31.41 a 23.91 a 33.07 a 21.85 c 29.33 a 23.87 a

Mean in each column with similar letters is not significantly different at
5% level
T1, nano-boron at 10 ppm; T2, nano-boron at 20 ppm; T3, nano-zinc at 100
ppm; T4, nano-zinc at 200 ppm; T5, nano-boron at 10 ppm + nano-zinc at 100
ppm; T6, nano-boron at 10 ppm + nano-zinc at 200 ppm; T7, nano-boron at
20 ppm + nano-zinc at 100 ppm; T8, nano-boron at 20 ppm + nano-zinc
at 200 ppm
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the first season, while spraying trees with nano-boron at
20 ppm (T2) showed the highest value (6.21) in the sec-
ond season. On the other hand, treated with nano-boron
at 20 ppm (T1) recorded the least ratio (4.55) in the first
season; furthermore, the control treatment had the mini-
mum pulp: seed ratio (5.71) in the second one. Insignifi-
cant differences were recorded in the first season
between T3, T4, T5, and T8 and between T0, T1, and
T2 as well as in the second season between T2, T3, T6,
T7, and T8 and also between cont and T5, respectively.
Data in Table 6 indicated that fruit length was signifi-

cantly affected by different treatments as compared with
control in both studied seasons, respectively. In the first
season, application with nano-boron at 10 ppm + nano-
zinc at 200 ppm (T6) gave the maximum fruit length
since it was (2.73 cm) with insignificant differences be-
tween T2, T4, T5, T6, T7, and T8. Spraying with nano-
boron at 20 ppm + nano-zinc at 200 ppm (T8) recorded
the maximum significant value (2.86 cm) in the second
season, while the lowest significant values were shown
with the control treatment in this respect (2.46 and 2.44
cm) in both studied seasons, respectively.
It is clear from the results in Table 6 that all different

spraying treatments significantly increased fruit diameter
than the control during both seasons except T5 which
recorded insignificant differences between it and the
control in the first season. Trees sprayed with nano-
boron at 20 ppm + nano-zinc at 100 ppm (T7) gave the
largest value (2.18 cm) in the first season. Otherwise, in
the second season spraying by nano-boron at 20 ppm +
nano-zinc at 200 ppm (T8) recorded the highest signifi-
cant fruit diameter (2.16 cm) compared with other treat-
ments. On the other side, the control treatment
exhibited the minimum of fruit diameter values, since
there were 1.98 and 198 cm in the first and second
season, respectively. Other treatments were in between
the range.

Fruit oil percentage
Data in Table 7 showed that all different spraying treat-
ments significantly increased fruit oil percentage on dry
weight basis than the control during both seasons. Trees
sprayed with nano-boron at 20 ppm + nano-zinc at 200
ppm (T8) gave the maximum significant fruit oil per-
centage (40.71%) in the first season. Moreover, the trees
treated with nano-boron at 10 ppm + nano-zinc at 200
ppm (T6) recorded the highest significant value (43.20%)
in this respect in the second season. On the other side,
the control trees exhibited the minimum significant fruit
oil percentages (33.33 and 35.30%) in both seasons, re-
spectively. Meanwhile, the other treatments were in be-
tween range.

Oil chemical properties
Concerning oil acidity results in Table 7 revealed that oil
acidity was significantly affected by different concentra-
tion treatments; it ranged from 0.15 to 0.37% in the first
season, while in the second one it ranged between 0.16
and 0.38%. However, the lowest oil acidity percentages
were found with trees spraying with nano-boron at 20
ppm + nano-zinc at 200 ppm (T8) (0.15%) in the first
season. While the treatments of nano-boron at 20 ppm
+ nano-zinc at 200 ppm (T8) and nano-boron at 20 ppm
(T2) recorded the minimum oil acidity percentage (0.16
and 0.16%) in the second season, respectively. Mean-
while, the highest significant oil acidity percentages were
recorded with the control trees (0.37 and 0.38%) in the
first and second seasons, respectively.
Regarding iodine value, in Table 7 showed that perox-

ide value was significantly affected by different concen-
tration treatments in both seasons. However, peroxide
values ranged from 3.59 to 5.12 meq/kg and from 3.58
to 5.18 meq/kg in the first and second seasons, respect-
ively. Also, the lowest peroxide values (3.59 and 3.58
meq/kg) were obtained with trees sprayed with nano-

Table 6 Effect of foliar application of B2O3 and ZnO nanoparticles on fruit traits of Picual cultivar in 2017 and 2018 seasons

Treat. Fruit weight (g) Pulp weight (g) Pulp/seed ratio Fruit length (cm) Fruit diameter (cm)

2017 2018 2017 2018 2017 2018 2017 2018 2017 2018

T0 4.94 d 5.64 h 4.07 c 4.80 g 4.73 e 5.71 c 2.46 d 2.44 g 1.98 d 1.98 e

T1 6.10 bc 5.99 fg 5.00 b 5.13 f 4.55 e 5.99 b 2.58 bc 2.60 f 2.09 bc 2.10 c

T2 5.81 c 6.27 e 4.89 b 5.40 e 5.30 de 6.21 a 2.68 ab 2.66 e 2.08 bc 2.11 c

T3 5.65 c 5.98 g 4.88 b 5.15 f 6.39 abc 6.20 a 2.56 c 2.72 c 2.08 bc 2.02 d

T4 6.55 ab 6.40 d 5.72 a 5.49 d 6.97 ab 6.03 b 2.65 abc 2.78 b 2.12 ab 2.10 c

T5 5.91 c 6.04 f 5.10 b 5.15 f 6.36 abc 5.81 c 2.65 abc 2.68 d 2.03 cd 2.09 c

T6 6.85 a 6.48 c 5.88 a 5.57 c 6.08 bcd 6.09 ab 2.73 a 2.79 b 2.16 ab 2.13 b

T7 6.90 a 6.70 b 5.90 a 5.77 b 5.89 cd 6.20 a 2.72 a 2.79 b 2.18 a 2.13 b

T8 6.60 ab 6.83 a 5.80 a 5.88 a 7.25 a 6.19 a 2.68 ab 2.86 a 2.15 ab 2.16 a

Mean in each column with similar letters is not significantly different at 5% level
T1, nano-boron at 10 ppm; T2, nano-boron at 20 ppm; T3, nano-zinc at 100 ppm; T4, nano-zinc at 200 ppm; T5, nano-boron at 10 ppm + nano-zinc at 100 ppm; T6,
nano-boron at 10 ppm + nano-zinc at 200 ppm; T7, nano-boron at 20 ppm + nano-zinc at 100 ppm; T8, nano-boron at 20 ppm + nano-zinc at 200 ppm
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boron at 20 ppm (T2) in the two studied seasons. Mean-
while, trees sprayed with nano-zinc at 200 ppm (T4) ex-
hibited the maximum significant value in this respect
(5.12 meq/kg) in the first season. Moreover, in the sec-
ond season, spraying with nano-zinc at 200 ppm (T4)
followed with nano-boron at 10 ppm + nano-zinc at 100
ppm (T5) presented the largest significant values (5.18
and 5.16 meq/kg) in this respect, respectively. Other
treatments were intermediate.
Concerning iodine value, in Table 7 results showed

that spraying different treatments led to affected in
iodine value in both seasons; it range from 81.06 to
88.80 g/100 g oil in the first season, while in the sec-
ond one it ranged between 78.57 and 85.44 g/100 g
oil. Spraying nano-zinc at 200 ppm only (T4) and
nano-boron at 20 ppm only (T2) produced the max-
imum significant iodine values (88.80 and 85.44 mg/
kg) in the first and second seasons, respectively. How-
ever, spraying with nano-boron at 10 ppm (T1) gave
the significant least value (81.06 mg/kg) in this respect
in the first season, but in the second one the control
treatment recorded the significant lowest value (78.57
mg/kg) in this respect compared with the other treat-
ments. Other treatments were in between range.

Discussion
The improving in chlorophyll a and b content as a result
of using nano-boron and nano-zinc similar to results
that were obtained by Keshavarz et al. (2011); they
showed that spraying zinc sulfate at 1050 ppm + boric
acid at 174 ppm gave the highest leaf chlorophyll index
of walnut trees. Additionally, Mahmoud (2014) reported
that spraying by nano-boron at 0.1% at four times gave
the highest leaf chlorophyll a and b contents and total
carotenoids of Zaghloul date palms leaves. Moreover, El-
Metwally et al. (2018) indicated that soil application by
mixer of nano-fertilizers (nano-Zn + nano-Fe + nano-

Mn) at 0.03 g/l on peanuts plants gave the highest values
of total chlorophyll and carotenoids in peanut leaves.
All used treatments were able to increase leaf mineral

contents in this study These observations are in accord-
ance with those obtained by Keshavarz et al. (2011) who
showed that spraying with zinc sulfate at 1750 ppm +
boric acid at 348 ppm gave the highest leaves nutrient
concentrations as K, Zn, B, and Zn of walnut trees. The
same other, Mahmoud (2014) reported that spraying
with 0.1% nano-boron at four times gave the highest
leaves N, P, and K contents of Zaghloul date palms
leaves. In the same respect, on olive trees, Saadati et al.
(2016) showed that foliar spraying with 2.5 g/l boric acid
+ 2.5 g/l zinc sulfate at full bloom and 15 days later in-
creased leaves zinc content. While spraying with boric
acid at 2.5 g/l alone or combination with zinc sulfate at
2.5 g/l increased leaves boron content compared with
the control. As well as, on pomegranate trees, Davarpa-
nah et al. (2016) showed that application by nano-Zn at
120 ppm + nano-B at 3.25 ppm increased the leaves con-
centrations of N, K, and Zn. Also, spraying by nano-B at
6.5 ppm gave the highest concentration of B in leaves.
Also, on Gemlik olive trees, Basar and Gürel (2016) re-
ported that every treatments of Zn increased Zn content
of leaves and Zn content of fruits; also, foliar applica-
tions with Zn, B, and Fe gave the highest Zn, B, and Fe
concentrations in the olive leaves and fruits. Moreover,
El-Metwally et al. (2018) indicated that soil application
by mixer of nano-fertilizers (nano-Zn + nano-Fe +
nano-Mn) at 0.03 g/l on peanuts plants gave the highest
values of N, P, Zn, and Fe and contents in the straw of
peanuts.
Most used treatments were able to improve fruit set,

fruit drop, and yield of olive tree The present’s results
are in agreement with those found by Mahmoud (2014)
who illustrated that spraying with nano-boron at 0.1% at
four times gave the highest yield (kg/palm) of Zaghloul

Table 7 Effect of foliar application of B2O3 and ZnO nanoparticles on fruit oil traits of Picual cultivar in 2017 and 2018 seasons

Treat. Fruit oil percentage (%) Oil acidity (%) Peroxide value (meq/kg oil) Iodine value (g/100 g oil)

2017 2018 2017 2018 2017 2018 2017 2018

T0 33.33 i 35.30 g 0.37 a 0.38 a 5.04 b 5.09 b 81.14 h 78.57 i

T1 39.07 g 37.07 f 0.27 b 0.25 b 3.96 e 4.00 d 81.06 i 84.52 c

T2 39.72 d 39.14 e 0.17 e 0.16 d 3.59 i 3.58 g 84.43 f 85.44 a

T3 38.23 h 40.90 d 0.25 c 0.26 b 3.89 f 3.87 e 86.95 b 82.09 h

T4 39.43 e 42.42 b 0.27 b 0.26 b 5.12 a 5.18 a 88.80 a 82.36 g

T5 39.83 c 41.02 c 0.27 b 0.25 b 4.78 c 5.16 a 84.61 e 83.14 f

T6 40.19 b 43.20 a 0.25 c 0.23 c 3.62 h 3.66 f 82.44 g 83.91 e

T7 39.10 f 42.41 b 0.21 d 0.22 c 3.83 g 3.82 e 85.03 d 85.20 b

T8 40.71 a 42.49 b 0.15 e 0.16 d 4.42 d 4.49 c 85.64 c 84.24 d

Mean in each column with similar letters is not significantly different at 5% level
T1, nano-boron at 10 ppm; T2, nano-boron at 20 ppm; T3, nano-zinc at 100 ppm; T4, nano-zinc at 200 ppm; T5, nano-boron at 10 ppm + nano-zinc at 100 ppm; T6,
nano-boron at 10 ppm + nano-zinc at 200 ppm; T7, nano-boron at 20 ppm + nano-zinc at 100 ppm; T8, nano-boron at 20 ppm + nano-zinc at 200 ppm
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date palms compared with other treatments. In this
manner, on olive trees, Sayyad-amin et al. (2015) showed
that application with zinc sulfate at 2000 ppm alone or
boric acid at 2000 ppm plus zinc sulfate at 2000 ppm or
plus urea at 5000 gave the highest initial and final fruit
set percentage and yield (kg/tree) compared with other
treatments. Besides, on olive trees, Saadati et al. (2016)
noticed that spraying with boric acid enhanced the initial
fruit set percentage while spraying with boric acid + zinc
sulfate increased the final fruit set percentage of trees.
Also, on pomegranate trees, Davarpanah et al. (2016)
found that foliar spraying with nano-Zn at 60 ppm +
nano-B at 6.5 ppm gave the highest number of fruits per
tree and yield (kg/tree) as compared with other treat-
ments. Additionally, on Kagzi lime trees, Venu and Del-
vadia (2018) mentioned that foliar spraying with 0.5%
ZnSO4 + 0.4% borax gave the highest fruit set percent-
age, number fruits per shoot, number of fruits per tree,
fruit yield (kg/tree), and yield (kg/ha) and gave the mini-
mum fruit drop percentage compared with untreated
trees. While on pomegranate trees, Dhurve et al. (2018)
showed that foliar application with 0.4% boric acid +
0.4% zinc sulfate gave the highest number of fruit per
shoot and yield (kg/tree).
The improvement in fruit physical properties with

spraying nano-boron and nano-zinc in accordance with
those found by Mahmoud (2014) who clearly showed
that spraying with nano-boron at 0.1% in four times im-
proved fruit weight, length and width, pulp percentage,
and pulp/seed ratio. Also, it gave the lowest seed per-
centage in Zaghloul date palms fruits. Moreover, on
pomegranate trees, Davarpanah et al. (2016) reported
that foliar spraying with nano-Zn at 120 ppm + nano-B
at 6.5 ppm gave the highest fruit weight, length, and
diameter. While on sweet orange trees, Singh et al.
(2018) noticed that foliar spraying with ZnSO4 at 0.5% +
H3BO3 at 0.7% gave the highest fruit physical properties
as fruit weight, volume, length, and breadth of sweet or-
ange cv. Mosambi. On the other hand, on olive trees
Saadati et al. (2016) found that no significant differences
between the treatments on fruit diameter, pit weight,
length, and diameter, but spraying with zinc sulfate at
2.5 g/l gave the highest fruit length.
The results of improving fruit oil percentage are in

agreement with Saadati et al. (2013) who cleared that
the treatment with zinc sulfate at 0.25% + boric acid at
0.25% increased fruit oil content from 11.7 to 19.4%. In
the same respect, on olive trees, Sayyad-amin et al.
(2015) revealed that foliar application with boric acid at
2000 ppm gave the highest fruit oil percentage compared
with other treatments. Also, Abdel-Karim et al. (2015)
indicated that foliar spraying with 1 g/l zinc sulfate + 1
g/l borax gave the maximum of the fat percentage of
fruit on Fuerte avocado trees.

The present’s results improving oil chemical properties
of olive fruits agree with those found by Saadati et al.
(2013). They cleared that olive trees treated with zinc
sulfate at 0.25% + boric acid at 0.25% had an increase in
the ratio of unsaturated/saturated fatty acids compared
to untreated plants; also, it gave the highest level of oleic
acid and the lowest level of palmitic acid in oil of Coro-
naiki cv. fruit compared with other cultivars. Also, on
pomegranate trees, Davarpanah et al. (2016) reported
that foliar spraying with nano-Zn at 60 ppm + nano-B at
6.5 ppm gave the lowest total acidity percentage in fruit
juice. In another word, on Washington navel orange
trees, Hikal et al. (2017) reported that foliar application
with 0.2% boric acid decreased fruit juice acidity com-
pared to the control.

Conclusion
From the above-mentioned results, it could recommend
that spraying Picual olive trees with nano-boron at 20
ppm + nano-zinc at 200 ppm is the best treatment in
this study to obtain the maximum final fruit set which
led to harvest the maximum fruits yield with the high
seed oil percentage and low acidity.

Abbreviation
RCBD: Randomized complete block design; ANOVA: Analysis of variances
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