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Ke}’W?rd33 _ Combination 2: 4000 ppm MLA + 500 ppm HsBOs+ 500 ZnSO., Combination
Olive; Boron: 3: 6000 ppm MLA + 1000 ppm HsBO; + 1000 ZnSO4 on vegetative growth,
fruit set: zinc fruit yield, oil yield and fruit quality of ten-year-old olive (Olea europaea) cv.

Kalamata. The trees were planted at a distance of 6 x 5 m in sandy soil under a
drip irrigation system. Sixty-five uniform trees of the same growth and size
were randomly chosen, arranged in a randomized complete block design
(RCBD), and subjected to the same applied agricultural practices in the field
during the three seasons. The trees were sprayed three times i.e., at the start of
the season (April), at full bloom (mid of May) and three weeks later by the
following treatments Control, Moringa Leaf Aqueous (MLAE) at 2000, 4000,
and 6000 ppm. The results showed that the foliar application of moringa, zinc
and boron solely or in combination improved greatly the leaf chlorophyll
content, the number of flowers per m?, fruit set % and the leaf content from
nitrogen, phosphorous, potassium, zinc and boron and the most obvious effect
was noticed with the spraying of combination 3 or combination 2 over control
or the rest applied treatments in both experimental seasons. Additionally, it was
clear from the shown data that moringa at 6000 or 4000 ppm, and zinc sulfate
at 1000 were more effective in improving the same measured parameters over
the rest applied treatments in both experimental seasons. The influence of 12000
ppm from zinc or born in olive trees was higher than the effect of 500 or 250
ppm from these elements during study seasons.

INTRODUCTION

Moringa oleifera Lam is a great plant, which is grown in a lot of regions in the
tropics and subtropics zones. It contains a large number of compounds with great uses and
of good nutritional value, and it also contains a lot of minerals and is a proper source of
vitamins, proteins, carotene, amino acids and different phenols. Besides, it can purify water
(Anwar et al., 2007). Moreover, Phiri (2010) stated that moringa has a great impact on the
growth and productivity of crops and thus it could be used as an alternative to chemical
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fertilizers. documented that leaf-dried moringa has amino acids, and minerals such as Ca,
Mg, P, K, Na, S, Zn, Cu, Fe, and Se. Besides, it and Vitamin E. (Howladar, 2014; Rady et
al., 2015; Nisar, et al., 2021).

Boron is one of the important elements in the transport of sugar and carbohydrates
within the plant. Also, the lack of boron reduces the production of pollen and affects the
development of fruits in the olive plant and the reproductive organs. (Khayyat et al., 2007).
Moreover, boron plays an active role in a variety of plant life processes, including the
transfer of hormones, active absorption of salts, flowering and fruiting, and pollen
germination. Several studies indicate the importance of boron in improving the fertility of
flowers and the rate of fruit formation in olives. It was found during an experiment that
treating plants with boron led to an improvement in the percentage of knots and yield in olive
fruits. (Stellaci et al., 2008).

Swietlik (2002) reported that zinc could be implicated in the activation of enzymes
which are important for the synthesis of protein and improving the index of maturity in
plants. Besides, the same authors also added that zinc deficiency is common all over the
world resulting in an economic loss in many crops. Zinc could be involved in the metabolism
of DNA, RNA and nitrogen, the division of the cell, and the synthesis of protein and the
shortage of zinc in plants decreases the synthesis and consequently the levels of protein while
amino acids usually accumulate (Dickinson et al., 2003). Moreover, the same author added
that zinc has a clear role in the metabolisms of starch and nucleic acid in plants, and
influences photosynthesis reactions likewise protein and carbohydrate biosynthesis.

Amiri et al. (2008) stated that zinc is a crucial nutrient because it can be involved in
a lot of reactions but as its movement in the soil and in the plant is slow, it is difficult to be
absorbed easily, so the foliar application is more efficient than the soil application. Adding
Zn boosted the biosynthesis of chlorophyll and carotenoid synthesis which is essential for
the performance of the photosynthesis process (Mousavi, 2011). Zinc shortage inhibits the
growth of plants and lessens the final obtained yield and it is one of the fundamental elements
for plants, and its shortage is widespread in numerous crops (Ojeda-Barrios (2014).
Therefore, this study was performed to examine the role of the foliar spraying of different
concentrations from Moringa leaf extract (MLE), boron acid (H3BOgz) and zinc sulfate
(ZnS04) on vegetative growth, fruit yield, oil yield and fruit quality of "Kalamata™ olive
trees.

MATERIALS AND METHODS

This study was conducted at Wady El Natron, Beheira Governorate, Egypt through
three successive seasons from 2019 to 2021, on ten-year-old olive (Olea europaea) cv.
Kalamata. The trees were planted at a distance of 6 x 6 m in sandy soil under a drip irrigation
system. The physicochemical characteristics of the experimental soil and water are presented
in Table 1 and 2 according to (Sparks et al., 2020). A total of 65 trees, of the same growth
and size, were randomly chosen, arranged in a randomized complete block design (RCBD),
and subjected to the same applied agricultural practices in the field during the three seasons.
The following treatments were sprayed from 2019 to 2021. During the study, it was reported
that 2019 and 2021 were fruiting seasons (on years) but the 2020 season was a non-fruiting
season (off-season), where in it there was no flowering, and consequently no yield.

Sixty-five uniform trees were randomly chosen for this study and all of them were
subjected to the same cultural practices in the three seasons. The trees were sprayed three
times i.e., at the start of the season (April), at full bloom (mid of May) and three weeks later
by the following treatments: Control (not treated); Moringa Leaf Aqueous (MLA) at 2000
ppm, 4000 ppm and 6000 ppm; Boric acid (HsBOs) at 250 ppm, 500 ppm and 1000 ppm;
Zinc sulphate (ZnS0Og4) at 250 ppm, 500 ppm and 1000 ppm; Combination 1: 2000 ppm MLA
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+ 250 ppm H3BOs3 + 250 ZnSO4; Combination 2: 4000 ppm MLA + 500 ppm H3zBOz + 500
ZnSO4 and Combination 3: 6000 ppm MLA + 1000 ppm H3BOz + 1000 ZnSOs.

The previously applied treatments were arranged in a randomized complete block
design where each treatment was composed of five replicates/trees. The influence of the
above-mentioned treatments was investigated on the following parameters:

- Total chlorophyll: In the fresh leaves, it was determined as SPAD units by using Minolta
chlorophyll meter (SPAD, 501).

- Flower number per m?,

- Fruit set %: To estimate the percentages of fruit set, and drop as well as fruit yield, four
branches were selected from each side of each replicate (tree) and labeled carefully. No. of
flowers on each branch was counted and the percentage of fruit was set.

- Leaf Chemical Composition: Samples of thirty leaves from the middle part of the shoots
according to Arrobas et al. (2018) were randomly selected from each replicate after
harvesting time in June to determine their content from N, P and K percentages. The leaf
samples were washed with tap water, then with distilled water and dried at 70°C until
constant weight, finally, ground and acid were digested using H2SO4 and H2O: till the
solution became clear. The digested solution was used for the determination of each nitrogen
using the micro Kjeldhal method (Wang et al., 2016), phosphorus by the vanadomolybdo
method Weiwei et al. (2017) and potassium was determined by flame photometer according
to the method described by (Mutalik and Mutalik., 2011).

RESULTS AND DISCUSSION

Leaf Chlorophyll Content, Flower Number And Fruit Set Percentage:

The results listed in Table (1) showed that the foliar application of moringa, zinc
and boron solely or in combinations improved greatly the leaf chlorophyll content as
compared to the control. Moreover, the most obvious effect on leaf chlorophyll was noticed
with the spraying of combination 3 or combination 2 with respect to the control or the rest
applied treatments in both experimental seasons. Additionally, it was clear from the shown
data that MLAE at 6000 and 4000 ppm was more effective in improving the leaf chlorophyll
than the application of boron or zinc individually in both experimental seasons. The number
of flowers per m? was clearly improved by foliar spraying of combination 3 and MLAE at
6000 ppm over the control in the two seasons. MLAE at 6000 ppm and zinc sulfate at 1000
ppm showed an improvement over the other applied treatments and control in both
experimental seasons. The best results were obtained by using 6000 ppm MLAE + 1000 ppm
boric acid + 1000 ppm zinc sulfate compared with the other treatments applied in the two
seasons. Boric or zinc sulfate at a concentration of 1000 ppm was better than 250 or 500
ppm. Fruit set % was increased by spraying the combinations of 6000 ppm MLAE + 1000
ppm boric acid + 1000 ppm zinc sulfate, and also by 4000 ppm MLAE + 500 ppm boric acid
+ 500 ppm zinc sulfate and boric acid at 1000 ppm as compared to control in the two seasons.
MLAE 6000 ppm was better than MLAE at 4000 or 2000 ppm in improving the fruit set %
in both experimental seasons. The impact of zinc sulfate and boric acid was lower than the
impact of MLAE.

These results are previously confirmed by the findings of (Foidl et al., 2001; Nagar
et al., 2006). They reported that moringa contains proteins, vitamins; A, B1, B2, and B3,
ascorbic acid and E, B carotene, amino acids phenolic compounds, and sugars, as well as
calcium, magnesium, sodium, iron, phosphorus and potassium and several flavonoid
pigments. The foliar spraying of zinc improved the gas exchange and kept the integrity of
the cell membrane (Khan et al., 2004). Mousavi (2011) reported that adding Zn boosted the
biosynthesis of chlorophyll and carotenoid synthesis which are essential for the performance
of the photosynthesis process. Treating ‘Balady’ Mandarin (Sarrwy et al., 2012) and
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‘Pistachio’ trees (Soliemanzadeh et al., 2013; El-Sayed and Habasy, 2015) with Zn raised
the fruit set percentage as compared to the control. Moreover, these results are previously
confirmed by the findings of Mohamed and El-Tanany (2016). They mentioned that the
foliar spraying of zinc sulfate at 0.02% on ‘Balady’ Mandarins raised the fruit set and fruit
retention percentages. Ahmad et al. (2018) mentioned spraying mango cv. Chaunsa white
with zinc sulphate at 0.5 % increased flowers number per panicle, the percentages fruit-set.
Hassan et al. (2019) stated treating olive trees cv. picual with moringa extract at 0, 2 and 4%
increased leaf total chlorophyll content, and fruit set percentage. Besides Mosa et al. (2021)
mentioned that the foliar application of moringa at 2%, 4% and 6% on seedless grapes. The
authors noticed that the application increased leaf chlorophyll, yield and fruit quality rather
than control. Additionally, these results are in the same trend as the findings of Sardar et al.
(2021), they mentioned documented that moringa extract contains a high concentration of
hormones, macro and micro minerals, as well as amino acids in the right amounts and many
other good compounds. Besides, they reported that it also improved greatly plant growth and
the concentration of chlorophyll pigment was also found in stevia leaves.

Table 1: the influence of the foliar spraying of MLAE, ZnSO4 and H3BOs3 on the leaf
chlorophyll content, flower number and fruit set percentages in olive during the
2019 and 2021 seasons.

Total chlorophyll content Flower number Fruit set %
Treatments (SPAD) per m? '
2019 2021 2019 2021 2019 2021
Control 55.76f 57.18h 575.61 637.81 3.09i 3.17j
2000 ppm MLAE 61.95de 61.991g 723f 800.60f 4.12fg 4.30hi
4000 ppm MLAE 69.04bc 71.69bc 802d 889.80c¢ 4.64de 4.83ef
6000 ppm MLAE 73.29b 78.78a 892b 990.60b 5.20c 4.39cd
250 ppm H;BOs 55.51f 59.96gh 649.60h 720.60h 4.47ef 4.63dfg
500 ppm H3;BOs 62.93de 64.36ef 722.20f 802.00f 5.12¢ 5.31d
1000 ppm H3BOs 69.03bc 70.65¢d 801.80d 868.00e 5.56b 5.93b
250 ppm ZnSOy 59.24ef 60.59f-h 686g 761.00g 3.96h 4.10i
500 ppm ZnSO4 65.39cd 67.32de 762¢ 846.40¢ 4.31fg 4.46fg
1000 ppm ZnSO4 72.87b 74.79b 847.20c 942.40c 4.79d 4.94e
Combination 1 64.81cd 67.34de 762e 845.80e 4.80d 4.99%¢
Combination 2 72.87b 74.79b 848¢ 942.80¢ 5.45b 5.64¢
Combination 3 81.32a 81.96a 942.6a 1046a 6.14a 6.37a
LSDg.0s 4.58 3.63 14.85 21.21 0.20 0.27

The treatments have the same letters in the same column means that there are no significant differences between
means at 0.05 level of probability.

Leaf Mineral Content From N, P, K, Zn and B:

The results listed in Table (2) showed that the spraying of MLAE, boron and zinc
solely or in combination improved statistically the leaf content from nitrogen compared with
untreated trees during the study season. Moreover, the obvious increment was noticed by the
application of 6000 ppm MLAE + 1000 ppm boron+ 1000 zinc sulphate and also by the
combination of 6000 ppm MLAE and 4000 ppm + 1000 ppm boron+ 1000 zinc sulphate, as
well as by the single application of each one of MLAE at 4000 ppm, boron at 500 ppm or
500 ppm zinc over untreated trees. The foliar application of MLAE, zinc and boron alone or
in combination led to an improvement in phosphorous content in Kalamata olive leaves
compared to the control. Moreover, the effect on phosphorous content in olive tree leaves
was more obvious when using a combination of 6000 ppm MLAE + 1000 ppm boric acid +
1000 ppm zinc sulfate and a combination of 4000 ppm MLAE + 500 boric acid + 500 zinc
sulfate compared to the control treatment in both experimental seasons. In addition, it was
found from the annotated data that zinc and boron at 1000 ppm were more effective in
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improving the phosphorous content of leaves in olive trees individually in both experimental
seasons. It was also found that the use of MLAE at 6000 ppm and 4000 ppm was the best
treatment for improving the phosphorous content of leaves in olive trees in both experimental
seasons. It was found from the data in the table that the foliar use of moringa, zinc and boron
alone or in combination led to an improvement in the potassium content in the leaves of
Kalamata olives compared to the control. Moreover, the effect on potassium content in olive
leaves was more pronounced when a combination of 6000 ppm MLAE + 1000 ppm boric
acid + 1000 ppm zinc sulfate and 6000 ppm MLAE was used compared to the control
treatment in both experimental seasons. Also, it was found that the use of MLAE at 6000
ppm and 4000 ppm was the best treatment for improving the potassium content of leaves in
olive trees in both experimental seasons. It was also shown from the results listed in the table
that the foliar application of MLAE, zinc and boron alone or in combination led to an
improvement in the boron content in the leaves of Kalamata olives compared to the control.
Moreover, the effect on boron content in olive tree leaves was more pronounced, when using
a combination of 6000 ppm of MLAE + 1000 ppm of boric acid + 1000 ppm of zinc sulfate
and 1000 ppm of boric acid. compared to the control treatment in the two experimental
seasons. It was also found that using MLAE at 6000 ppm and 4000 ppm was the best
treatment for improving the boron content in olive tree leaves in both experimental seasons.
It was found from the data in the table that the foliar application of MLAE, zinc and boron
alone or in combination improved the zinc content in the leaves of Kalamata olives compared
to the control. Moreover, the effect on zinc content in olive leaves was more pronounced
when using a combination of 6000 ppm of MLAE + 1000 ppm of boric acid + 1000 ppm of
zinc sulfate and 1000 ppm of zinc sulfate compared to those treated in both experimental
seasons. It was also found that using MLAE at 6000 ppm and 4000 ppm was the best
treatment for improving zinc content in olive tree leaves in both experimental seasons.

These results are in agreement with the results of EI-Moneim et al. (2007), who
reported that the addition of Zn at 0.4% on “Washington” navel orange significantly
increased leaf mineral composition from nitrogen, phosphorous, potassium and zinc in both
experimental seasons. Ashraf et al. (2012) reported the addition of zinc to citrus increased
leaf mineral composition from nitrogen, phosphorous, potassium, magnesium, zinc copper,
iron and manganese, zinc and copper compared with the control. The exogenous spraying
effect of zinc sulfate at 0.2, 0.4, 0.6 and 0.8% at the fruit set stage of mandarin boosted the
chemical composition from nitrogen, calcium, and manganese, particularly at 2%. The usage
of zinc sulphate at 0.6 % raised the leaf mineral composition from phosphorus and iron,
while the spray of 0.8 % gave the highest increase in the leaf content from potassium and
zinc over control in the two seasons (Razzag et al., 2013). Zinc is playing a fundamental role
in the activation of different enzymes involves in elements uptake, metabolism and
composition of phytohormones (Elanchezhian et al., 2017).

Abd El-Hamied and El-Amary (2015), stated that the spraying of moringa leaf
extract at 2 and 4% on pear trees cv. Le-Conte raised obvious leaf mineral content from
nitrogen, phosphorous and potassium as compared to the control. Additionally, Abd Al
Rhman et al. (2018) reported spraying of moringa leaves extract at 0.50 ml/L on
"Washington" and "Murcott Tangor" orange cultivars significantly increased the leaf mineral
composition from nitrogen, phosphorous, potassium, zinc, iron, and manganese as compared
to control. Ahmad et al. (2018) stated that spraying mango cv. Chaunsa white with zinc
sulphate at 0.5 % increased leaf mineral content from nitrogen, and potassium, boron and
zinc compared with the control. Hassan et al. (2019) reported that treating olive trees cv.
picual with moringa extract at 0, 2 and 4% increased leaf chemical composition from
nitrogen, phosphorous and potassium as compared to control. In addition, Nikbakht et al.
(2021) stated that the foliar spraying of apples with nano-chelated zinc at 1000 and 2000 mg
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L and zinc sulfate at 1000 and 2000 mg L™ improved the leaf content from nitrogen,
phosphorous and potassium elements and fruit yield per plants.

Table 2: the influence of the foliar spraying of MLAE, ZnSO4 and H3BO3z on leaf mineral
content from N, P, K, B, and Zn in olive during 2019 and 2021 seasons.

. N% P% K % B ppm Zn ppm
Treatments

2019 2021 2019 2021 2019 2021 2019 2021 2019 2021
Control 1.15h 1.16i 0.40e 0.38f 0.78i 0.77i 37.81h 37.43g 23.96h 23.4%h
2000 ppm MLAE 1.37f 1.38g 0.46¢d 0.44cde 0.95f 0.94f 40.52g 40.19g 28.60g 27.99g
4000ppm MLAE 1.51d 1.53e 0.48bc 0.46bcd 1.06d 1.05d 45.04ef 44.60f 31.54f 3091f
6000 ppm MLAE 1.67b 1.71b 0.51ab 0.48b 1.18b 1.17b 50.05d 49.65de 34.72de 34.03de
250 ppm HsBOs 1.32f 1.35g 0.40d 041le 0.84h 0.84h 47.56de 47.08ef 24.43h 24.99h
500 ppm H;BO; 1.44e 1.45f 0.44d 0.42e 0.95¢f 0.94f 52.88c 52.35cd 28.33g 27.77g
1000 ppm H;BO; 1.58¢ 1.60d 0.46¢cd 0.44cde 1.06d 1.05d 58.86b 58.27b 30.95fg 30.331g
250 ppm ZnSO4 1.24g 1.26h 0.44d 0.43de 091g 1.05d 40.25gh 39.85g 33.56ef 32.89ef
500 ppm ZnSOy4 1.36f 1.38g 0.46¢cd 0.44cde 1.0le le 44.71F 44.26f 36.57cd 35.84cd
1000 ppm ZnSO4 1.51d 1.53e 0.48bc 0.46bc 1.12¢ 1.11c 49.71d 49.21e 39.91ab 39.11ab
Combination 1 1.47de 1.48f 0.51ab 0.49ab 1.07d 1.06d 50.26d 49.76de 34.45de 33.77de
Combination 2 1.69b 1.65b 0.52a 0.49ab 1.15b 1.15b 55.31¢ 54.76¢ 37.61bc 36.86bc
Combination 3 1.76a 1.78a 0.53a 0.51a 1.22a 1.24a 62.63a 62.00a 42.05a 41.24a
LSDoos 0.04 0.04 0.03 0.03 0.03 0.03 2.55 2.78 2.56 2.52

The treatments have the same letters in the same column means that there are no significant differences
between means at 0.05 level of probability.
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