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ABSTRACT

The present study was conducted in a private almond orchard at Marsa Matrouh Governorate, Egypt
during three consecutive seasons of 2021, 2022 and 2023 of about 10 years old, "Umm al-Fahm" almond
trees (Prunus dulcis (Miller) D.A. Webb) budded on Bitter almond rootstock and planted at 7x7 m apart.
The trees were grown in sandy loam soil under rainfed conditions. This investigation was designed as
in a factorial experiment with two factors i.e. the first factor six foliar spray treatments i.e. control, boric
acid (H; BO;3) (B) at two concentrations (150 and 300 ppm), ascorbic acid (Cs Hg O¢) (AsA) at two
concentrations (750 and 1000 ppm) and boric acid (B) at 300 ppm plus ascorbic acid (AsA) at 1000 ppm
and the second factor consisted of two application dates of the tested treatments, 15" September and
15™ December on vegetative growth characteristics, fruit set percentage, yield and fruit quality. The
results showed 300 ppm boron plus 1000 ppm ascorbic acid foliar spray gave the highest values for
vegetative growth characteristics (shoot length increase, number of shoots/branch, number of
leaves/shoot, leaf chlorophyll content and leaf area), fruit set percentage, yield , fruit quality (kernel
weight, kernel length and kernel width) application date of foliar spray in 15™ September had the highest
significant effect on number of shoots/branch, leaf chlorophyll content in both seasons, and both leaf
area and fruit set percentage in first season) fruit quality (kernel weight and kernel length in both
seasons) than that foliar sprays on 15" December , but had no significant effect on shoot length increase,
number of leaves per shoot, yield , kernel weight in both seasons also fruit set percentage in second
season. Furthermore, the interaction between foliar spray treatments and application dates of foliar
sprays indicated that 300 ppm boric acid plus 1000 ppm ascorbic acid foliar spray at 15" September
recorded the highest values for vegetative growth characteristics fruit set percentage, yield and fruit
quality.
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1. Introduction

Almond (Prunus dulcis (Miller) D.A. Webb) is a member of the family Rosaceae grown in
Mediterranean climates and it is relatively drought resistant (Palasciano et al., 2014).

Almond planted in both north and western coast, special Marsa Matrouh condition, Egypt, it depend
on rain-fed irrigation, sometimes need supplementary irrigation if necessary, in mid-November trees
receive the winter horticultural practices before the rains fall, where almond trees are fertilized with
organic manure, chemical fertilizers and trees do not receive any fertilization after that (Salama, 2023).
Under rainfed conditions in Egypt, almond trees suffering from a lack of nutrients and this appears on
the growth, productivity and fruit quality, especially boron. In additions, the horticultural practices
development in almond groves is necessary for those rain-fed conditions to improve almond production
such as foliar spray of boron and ascorbic acid and study time of foliar spray application. Boron is a
soluble in water, so it is easily lost with irrigation water, it is absorbed and replaced in the colloidal part
thus it decreases in lands with low organic matter content, also these deficiency are common in high-
pH soils (White & Zasoski, 1999 and Tavallali & Rahemi, 2007). Boron has been playing an essential
role in fertility (Christensen et al, 2016) and boron is a nutrient that influences the effective of

Corresponding Author: Ahmed A. H. Hegazy, Pomology unit, Plant Production Department, Desert Research
Center, Cairo, Egypt.
111



Middle East J. Agric. Res., 15(2): 111-123, 2026
EISSN: 2706-7955 ISSN: 2077-4605 DOI: 10.36632/mejar/2026.15.2.8

pollination period in almond. It is well known that boron is important for pollen germination and pollen
tube growth, for successful growth of the pollen tube through the stigma (Lovatt and Dugger, 1984).
Boron deficiency causes reduced pollen production and poor fruit set. Because, boron is required in
stigma and styles to physiologically inactivate callus present in pollen tube walls (Lewis, 1980). Foliar
sprays of boron increase pollen germination in almond (Nyomora et al., 2000 and Lee ef al., 2000) on
pear. Moreover, born increase fruit set in almond (Nyomora et al., 1997 and Silva et al., 2003). Meyer
et al. (1998) showed that N, P, K and B treatments increased yield and weight of kernel of almond trees
when foliar spray of N, P, K and B were applied at pink tip pre-bloom, 30 days after pre-bloom and 60
days after pre-bloom. Daood and Shahin (2006) reported that foliar spray of combination among 1.0%
magnesium sulphate, 0.5% boric acid, 500ppm ascorbic acid and 200 ppm vitamin B complex improved
growth, nutritional status, yield and fruit quality of “Canino” apricot. Kizildemir et al. (2013) stated
that Boron application improved fruit set and increased leaf B concentration on ‘Nonpareil’ almond
trees. Abdel-Karim et al. (2015) mentioned that foliar spray of boron and zinc improved leaf chlorophyll
content, fruit set and fruit characteristics of avocado trees. Maneesh et al. (2018) found that foliar spray
of B + Zn enhanced vegetative growth parameter, fruit set, yield and fruit quality of pomegranate.
Ehsanullah et al. (2020) mentioned that the combined foliar application of 0.5% Zinc sulphate and 0.3%
Borax showed best results in vegetative growth, yield and quality of apple. Shaymaa et al. (2022)
indicated that foliar spraying of B at 100 mg/L increased all vegetative growth characteristics (stem
length, stem diameter, number of branches/seedling, number of leaves / seedling, chlorophyll, leaf area,
leaf fresh weight and leaf dry weight) of almond. In addition, antioxidants such as ascorbic acids are
safe for humans and environment (Elade, 1992). It has also been reported that application of exogenous
ascorbic acid can reduce oxidative stresses (Shalata and Neumann, 2001). Ascorbic acid has been shown
to play multiple roles in plant growth, such as in cell division, cell wall expansion and other
developmental processes (Lee and Kader, 2000 & Pignocchi and Foyer, 2003). Ascorbic acid functions
as enzymatic cofactor, moreover, it plays important roles in many physiological processes, including
photosynthesis, photo-protection, stress resistance, biosynthesis of hormones and cell wall constituents
(Davey et al., 2000 and Conklin and Barth, 2004). Ascorbic acid has axenic action. It has a synergistic
effect on improving growth, yield and fruit quality of fruit crops (Barth et al., 2006). Abd-El-Rhman et
al. (2017) reported that foliar spray ascorbic acid enhanced yield and fruit quality of Manfaloty
pomegranate trees. Atef (2018) pointed out that foliar spray ascorbic acid improved growth, yield fruit
quality of Wonderful pomegranate trees. Al-douri and Basheer (2021) illustrated that foliar spray of
ascorbic acid at 150-300 mg/L enhanced the vegetative growth and nutrients content of bitter almond
seedlings. Raad et al. (2021) indicated that foliar spray of 150 mg/L ascorbic acid increased significantly
the shoot length, leaf area, chlorophyll content, fruit set %, number of fruits per tree, fruit weight and
yield of tree of pear trees. On the other hand, Al-Douri and Jassim (2012) mentioned that foliar spray
combined of B at 50 mg/L plus ascorbic acid at 250 mg/L was the best treatment in enhancing leaf area,
leaf chlorophyll and stem diameter of pomegranate trees.

Moreover, time of application of B is important to enhance fruit set and yield. Boron spray applied
during fall or spring to deciduous fruit trees have positive effective in increasing fruit set, yield and
fruit quality (Hanson, 1991). Furthermore, Agnes et al. (1997) indicated that early fall foliar application
of boron significantly increased fruit set and yield. It was concluded that fall foliar-applied boron is a
useful fertilization strategy that can be used and that boron applied at 245 and/or 490 ppm significantly
increased fruit set and yield of almond trees.

The aim of the present research was to study the effect of foliar spraying of boric acid and/or
ascorbic acid on vegetative growth, yield and fruit quality as well as two application dates of foliar
sprays on almond tree under Marsa Matrouh rain fed conditions.

2. Materials and Methods

This investigation was carried out during two consecutive seasons of 2021, 2022 and 2023 on
healthy "Umm al-Fahm" almond trees (Prunus dulcis (Miller) D.A. Webb) that were about 10 years
old, budded on bitter almond rootstock and planted at 7x7 m apart. Trees were grown on sandy loam
soil under rainfed conditions in a private almond orchard in Marsa Matrouh Governorate, Egypt. Some
properties of the experimental soil are shown in Table (1).
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Table 1: Analysis of experimental soil.
Soil depth Texture pH Soil E.Ce
(cm) class past (dSm™)
0-30 Sandy loam 7.8 1.0
30-60 Sandy loam 7.5 0.7
Soil depth Soluble cations (meq/l) Soluble anions (meq/l)
(em) Ca”™ K Na* Mg™ Cr  SOs HCOs COs
0-30 3 0.5 5.5 1 5 3 2 -
30-60 2 0.16 4.04 0.8 3.7 2.3 1 -

Weather data for the almond orchard, Marsa Matrouh Governorate, Egypt during the 2021, 2022
and 2023 seasons showed in Table 2, from Central Laboratory for Agriculture Climate, Agricultural
Research Center, Egypt.

Table 2: Average of temperature, relative humidity, and amount of precipitation of almond orchard
during 2021, 2022 and 2023 seasons.

2021-2022
Average Temperature Average Relative Precipitation
Months (°C) Humidity (mm)
(%)
November 20.99 66.83 10.60
December 16.33 64.95 25.30
January 13.33 72.39 124.60
February 13.83 73.65 36.80
March 13.51 73.71 55.30
Total 15.60 70.31 252.60
2022-2023
November 19.99 64.69 7.00
December 18.35 69.06 9.50
January 16.02 69.72 146.70
February 14.46 69.42 89.40
March 16.41 70.78 8.00
Total 17.04 68.73 260.60

Central Laboratory for Agriculture Climate, Agricultural Research Center, Egypt.

The present study was designed as in a factorial experiment with two factors i.e. the first factor
consists six foliar spray treatments i.e. control, boric acid (Hs BOs) (B) at two concentrations (150 and
300 ppm), ascorbic acid (Cs Hs Os) (As A) at two concentrations (750 and 1000 ppm) and boric acid
(B) at 300 ppm plus ascorbic acid (As A) at 1000 ppm (chemicals mixed done before foliar spray
directly), and the second factor consist of two application dates of the tested treatments, 15™ September
and 15" December. Two factors arranged in a randomized complete block design with three replicates
for each treatment and each replicate was represented by one tree. Almond trees healthy, nearly in shape
and size and productivity as well as received the same horticulture practices, were subjected to foliar
application was done in the early morning, treatments were performed by spraying 5 liter per tree of the
boric acid ascorbic acid with a hand-pump knapsack sprayer, and Tween-20 was added at 0.1% as a
surfactant to the spray solution. In mid-November of 2021 and 2022 seasons, trees receive the winter
horticultural practices before the rains fell, where almond tree (each tested tree) was fertilized with a
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mixture of sheep manure fertilizer (20 kg/tree sheep manure) mixed with chemical fertilizers (1 kg/tree
super calcium phosphate (45% P,Os) + 250 g/tree potassium sulfate + 500 g/tree sulfur (95 % S) + 250
g/tree sulfur coated urea (36.5% urea and 16% S). Chemical analysis of the tested sheep manure was
presented in Table (3).

Table 3: Chemical analysis of sheep manure
Organic matter

N P K Ca Mg Fe Mn Zn

(%) (%) ) () (%) ppm ppm ppm C()(I;/te)nt
(1]
1.71 0.61 0.61 0.33 0.38 871 160 15 50.10

A Mixture of sheep manure and chemical fertilizers was applied in the two trenches (100 cm length
x 30 cm width x 40 cm depth) dug on both sides of the tree at a distance of 1 m from the tree trunk and
covered with trench soil. The treated trees were evaluated through the following determinations:

2.1. Vegetative growth:

In early of both seasons, four branches, nearly uniform in diameter and length were labeled on
different treated tree directions. Twenty developing vegetative shoots per tree (five shoots on every
branch) were tagged to determine the mean increase in shoot length. At the harvest time the average
number of new shoots per branch were counted and recorded. Moreover, leaves of tagged shoots were
counted and the increase in their number was determined and recorded. Moreover, leaf area; after
harvest time, twenty mature leaves (the third one from the base of the tagged, non-fruiting, shoots) were
collected for estimating leaf area using area meter (model cl-203, USA). Leaf chlorophyll content was
determined by Minolta chlorophyll meter SPAD-502.

2.2. Fruit set percentage and yield (kg/tree):

The number of fruitlets per cluster was counted after three weeks of full bloom to determine the
initial number of set fruitlets. The initial fruit set was calculated as a percentage. In each season, at
harvest time (August, 15"), yield (kg/tree) was weighed and recorded.

2.3. Fruit quality:

Twenty ripen fruits were taken at harvest when the almonds were found to be ripe, at least 80%
open hull from each treated tree. The fruit separated to obtain the almond kernels then the determination
of the following physical properties i.e. kernel weight (g), kernel length (cm), and kernel width (cm).

2.4. Statistical analysis:

The obtained data in 2022 and 2023 seasons were subjected to analysis of variance according to
Clarke and Kempson (1997). Means were differentiated using the Range test at the 0.05 level (Duncan,
1955)

3. Results and Discussion
3.1. Vegetative growth characteristics:
3.1.1. Shoot length increase (cm):

Table, 4 illustrates that 300 ppm boron plus 1000 ppm ascorbic acid foliar spray gave the highest
increment in shoot length followed in descending by ascorbic acid 1000 ppm, ascorbic acid 750 ppm
and boric acid at 300 and boric acid at 150 ppm, respectively in both seasons of study. However, the
application date of foliar spraying had no significant effect on shoot length increase in both seasons.
Furthermore, the interaction between treatments foliar spray combined with application dates of foliar
spray resulted in 300 ppm boric acid plus 1000 ppm ascorbic acid foliar spray at 15" September and at
15" December and ascorbic acid at 1000 ppm at 15™ September gave the same significant values and
proved to be the best interaction in this regard in the first season. But 300 ppm boric acid plus 1000
ppm ascorbic acid foliar spray at 15™ September and at 15™ December gave the highest value in the
second season.
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Table 4: Effect of application dates of foliar sprays, boron and ascorbic acid rates as well as their
interactions on shoot length increase of almond trees (2022 and 2023 seasons).

Shoot length increase (cm)

2022 2023

Foliar sprays Application date of foliar spray Application date of foliar spray

ol 15% Mean 15% 15% Mean

September December September December

Control 21.0f 21.6 ef 213E 213 ¢ 22.0 fg 21.6 E
150 ppm Boron (B) 23.0 de 25.0c 24.0D 25.0cd 23.0 ef 24.0D
300 ppm Boron 24.0 cd 27.0b 255C 26.0c 23.6 de 24.8CD
750 ppm Ascorbic acid (AsA) 27.0b 240cd 255C 233 ef 283D 258 C
1000 ppm Ascorbic acid 29.0a 27.0b 28.0B 26.3 ¢ 263 ¢ 28.1B
300 ppm (B) + 1000 ppm (AsA) 303 a 300a 30.1A 313a 30.0a 30.6 A
Mean 25.73 A 25.70 A 26.1 A 255A

Means followed by the same letter (s) within each row, column or interaction are not significantly different at
5% level

3.1.2. No. of shoots/branch:

Results in Table (5) indicate that the highest number of shoots/branch was found in almond trees
treated by 300 ppm boron and 1000 ppm ascorbic acid foliar spray as compared with control in both
seasons. Furthermore, Table (5) shows that application dates of foliar sprays in 15" September had the
highest significant effect on number of shoots/branch than those foliar sprays on 15" December.

Table 5: Effect of application dates of foliar sprays, boron and ascorbic acid rates as well as their
interactions on number of shoots/branch of almond trees (2022 and 2023 seasons).

Number of shoots/branch

Foliar sprays 2022 2023

Application date of foliar spray Application date of foliar spray

15 15t Mean 15t 15 Mean
September December September December

Control 73 ¢ 6.0 f 6.6 E 7.3 gh 7.0 H 71 D
150 ppm Boron (B) 8.3 cde 7.6 de 80D 9.6 def 8.6 fgh 91 C
300 ppm Boron 8.6 cd 8.0 de 83 D 10.6cde 9.0 efg 9.8 C
750 ppm Ascorbic acid (AsA) 11.0b 93 ¢ 10.1C  12.6ab 11.0 bed 11.8B
1000 ppm Ascorbic acid 12.0 ab 11.0b 11.5B 13.0a 12.0 abe 12.5AB
300 ppm (B) + 1000 ppm(AsA) 12.6 a 13.0a 128A 133a 133 a 13.3A
Mean 10.0 A 91 B 11.1A 10.2B

Means followed by the same letter (s) within each row, column or interaction are not significantly different at 5%
level

The interaction between all tested foliar sprays combined with application dates of foliar sprays

illustrates that the highest increment in number of shoots/branch was recorded by 300 ppm boric acid
plus 1000 ppm ascorbic acid foliar spray at 15™ September and at 15™ December in the first season. But
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300 ppm boric acid plus 1000 ppm ascorbic acid foliar sprays at 15™ September and at 15" December
and ascorbic acid foliar sprays at 15" September gave the same and high values in the second season.

3.1.3. Number of leaves/shoot:

Data presented in Table (6) show that the highest increment in number of leaves per shoot values
were recorded with 300 ppm boron and 1000 ppm ascorbic acid foliar spray as compared with control
in both seasons. Furthermore, application dates of foliar spray had no significant effect on number of
leaves per shoot in the two seasons. The interaction of all tested foliar sprays combined with application
dates of foliar sprays reveals that the highest increment in number of leaves per shoot were scored with
300 ppm boric acid plus 1000 ppm ascorbic acid foliar sprays at 15™ September and at 15" December
and ascorbic acid foliar sprays at 15™ September gave the same and the best interaction in this regard
in the both seasons.

Table 6: Effect of application dates of foliar sprays, boron and ascorbic acid rates as well as their
interactions on number of leaves/shoot of almond trees (2022 and 2023 seasons).

Number of leaves/shoot

2022 2023
Foliar sprays Application date of foliar spray Application date of foliar spray

lsth 15th lsth lsth
September December Mean September December Mean
Control 16.0 ef 153 f 15.6 D 1531 16.6 h 160 F
150 ppm Boron (B) 16.6 def 17.0 de 16.8 C 17.3 gh 18.0 fg 17.6 E
300 ppm Boron 17.6 cd 17.3 de 17.5C 19.0 de 18.3 ef 18.6 D
750 ppm Ascorbic acid (AsA) 20.0 ab 18.6 be 19.3B 21.0b 19.3 cd 20.1C
1000 ppm Ascorbic acid 20.6 a 19.0 be 19.8 B 220a 20.0c 21.0B
300 ppm (B) + 1000 ppm (AsA) 213a 21.3a 21.0 A 223 a 22.6a 225 A

Mean 18.6 A 18.1 A 19.5A 191 A

Means followed by the same letter (s) within each row, column or interaction are not significantly different at 5%
level

3.1.4. Leaf chlorophyll content:

Table (7) indicates that 300 ppm boron and 1000 ppm ascorbic acid foliar spray recorded the highest
increase in leaf chlorophyll content value followed by ascorbic acid at 1000 ppm, ascorbic acid at 750
ppm, boron at 300 ppm and boron at 150 ppm, respectively in both seasons. Furthermore, application
dates of foliar sprays in 15™ September had the highest significant effect on leaf chlorophyll content
value than those foliar sprays on 15" December in both seasons. The interaction of all tested foliar
sprays combined with application dates of foliar sprays reveals that the highest increment in leaf
chlorophyll content was recorded with 300 ppm boric acid plus 1000 ppm ascorbic acid foliar spray at
15™ September and at 15" December in the both seasons.

3.1.5. Leaf area (cm?):

Table (8) indicates that 300 ppm boron and 1000 ppm ascorbic acid foliar spray gave the highest
increment in leaf area as compared with control in both seasons. Furthermore, application dates of foliar
sprays on 15™ September had the highest significant effect on leaf area value than those foliar sprays
on 15™ December in the first seasons and no significant effect on leaf area in second season. The
interaction between all tested foliar sprays combined with application dates of foliar sprays reveals that
the highest increment in leaf area was recorded with 300 ppm boric acid plus 1000 ppm ascorbic acid
foliar spray at 15™ September and at 15™ December in the first season, but 300 ppm boric acid plus
1000 ppm ascorbic acid foliar spray at 15™ September gave the highest value in the second seasons.
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Table 7: Effect of application dates of foliar sprays, boron and ascorbic acid rates as well as their

interactions on leaf chlorophyll of almond trees (2022 and 2023 seasons).

Leaf chlorophyll

Foliar sprays 2022

2023

Application date of foliar spray

Application date of foliar spray

15% 15% Mean 15% 15% Mean
September December September December

Control 34.66 g 33.66 h 34.16 F 35.00 g 34.66 g 34.83 F
150 ppm Boron (B) 38.66 ¢ 3733 f 38.00 E 39.66 ef 38.66 f 39.16 E
300 ppm Boron 42.00d 39.00 e 40.50 D 41.00d 40.33de  40.66 D
750 ppm Ascorbic acid (As A) 43.66 ¢ 43.66 ¢ 42.66 C 4333 ¢ 41.00d 42.16 C
1000 ppm Ascorbic acid 46.33b 43.00c 44.66 B 44.66 b 4233 ¢ 43,50 B
300 ppm B + 1000 ppm As A 47.00 a 4733 a 47.16 A 46.33 a 46.66 a 46.50 A
Mean 42.05 A 40.33 B 41.66 A 40.61 B

Means followed by the same letter (s) within each row, column or interaction are not significantly different at 5%
level

Table 8: Effect of application dates of foliar sprays, boron and ascorbic acid rates as well as their
interactions on leaf area of almond trees (2022 and 2023 seasons).

Leaf area (cm?)

2022 2023
Foliar sprays Application date of foliar spray Application date of foliar spray
lsth lsth lsth lsth
September December Mean September December Mean
Control 550 g 6.00 g 575 E 6.50 g 550 g 6.00 D
150 ppm Boron (B) 8.00 ef 7.66 f 7.83 D 8.00 f 8.66 ef 833 C
300 ppm Boron 9.66 cd 8.66 def 9.16 C 9.00 def 9.00Def  9.00 C

750 ppm Ascorbic acid (AsA) 10.00 be 9.00 cde 9.50 BC 9.66 de 11.00 be 10.33 B

1000 ppm Ascorbic acid 11.00 ab 966cd  1033B  10.00cd  12.00ab  11.00 B
300 ppm B + 1000 ppm AsA 1133a 11.66a  11.50A  13.00a  12.00ab  12.50 A
Mean 9.250 A 8.777B 9361 A  9.694 A

Means followed by the same letter (s) within each row, column or interaction are not significantly different at 5%
level

Concerning, the positive results of foliar sprays of boric acid and/or ascorbic acid on vegetative
growth are in harmony with previous studies of Daood and Shahin (2006) on apricot; Abdel-Karim et
al. (2015) on avocado trees; Maneesh et al. (2018) on pomegranate trees; Ehsanullah et al. (2020) on
apple. Furthermore, Al-douri and Basheer (2021) and Shaymaa et al. (2022) they indicated that boron
foliar application significantly increased vegetative growth of almond. On the other hand, Fayed (2010)
who mentioned that foliar of application ascorbic plus citric acid enhanced vegetative growth
parameters of pomegranate trees. Moreover, El-Sayed et al. (2014) reported that ascorbic acid
treatments enhanced leaf area and total chlorophyll of Manzanillo olive trees. Atef (2018) stated that
foliar sprays with ascorbic acid enhanced growth parameters of "Wonderful" pomegranate trees.
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Moreover, Raad et al. (2021) found that foliar spray of 150 mg/L ascorbic acid increased
significantly the shoot length, leaf area and leaf chlorophyll content of pear trees. Moreover, Al-Douri
and Jassim (2012) they mentioned that foliar spray combined of B at 50 mg/L plus ascorbic acid at 250
mg/L was the best treatment in enhancing leaf area, leaf chlorophyll and stem diameter of pomegranate
trees. The enhancement effect of ascorbic acid on vegetative growth parameters may be attributed that
ascorbic acid has positive action in catching all free radicals produced during plant metabolism (Shalata
and Neumann, 2001). Moreover, ascorbic acid has an axenic action and synergistic effect on tree
growth (Barth et al., 2006). Ascorbic acid increased IAA content, which stimulates cell division as well
as cell enlargement and this in turn in improved plant growth (Hassanein ef al., 2009 and Abd-El Hamid,
2009). Ascorbic acid may serve as a potential growth regulator to enhance stress resistance in several
species (Shalata and Peter, 2001). Besides, foliar application of ascorbic acid had positive effect on
growth parameter and increases in photosynthesis (Barth et al., 2006).

The obtained results regarding the effect of application dates of foliar sprays on vegetative growth
go in line with the findings of Agnes ef al. (1997) on almond trees.

3.2. Fruit set percentage and yield (kg/tree):
3.2.1. Fruit set percentage:

It is clear from Table (9) that 300 ppm boron and 1000 ppm ascorbic acid foliar spray produced the
highest fruit set percentage as compared with the control in both seasons. On the other hand, other
treatments gave an intermediate effect in this respect. Furthermore, application dates of foliar sprays
applied on 15" September had the highest significant effect on fruit set percentage than those foliar
sprays on 15™ December in the first season. But in the second season, application dates of foliar sprays
had no significant effect on fruit set percentage. The interaction between all tested foliar sprays
combined with application dates of foliar sprays illustrates that the highest increment in fruit set
percentage was recorded with 300 ppm boric acid as well as 300 ppm boric acid plus 1000 ppm ascorbic
acid foliar spray at 15" September in the first season and 300 ppm boric acid plus 1000 ppm ascorbic
acid foliar spray on 15" September and 15™ December in the second season gave the same and the
highest values in this respect.

Table 9: Effect of application dates of foliar sprays, boron and ascorbic acid rates as well as their
interactions on fruit set percentage of almond trees (2022 and 2023 seasons).

Fruit set (%)
Foliar sprays 2022 2023
Application date of foliar spray Application date of foliar spray
15th 15th lsth lsth
Mean
September December September  December

Control 17.66 h 18.00 h 17.83 E 1833 f 19.00 f 18.66 E
150 ppm Boron (B) 26.66 ¢ 23.00 f 24.83C 27.33b 24.00d 25.66 C
300 ppm Boron 28.33b 25.33 de 26.83 B 29.66 a 25.66 ¢ 27.66 B
750 ppm Ascorbic acid (AsA) 21.66 g 25.00 ¢ 23.33D 26.00 be 26.00 be 24.16 D
1000 ppm Ascorbic acid 2333 f 26.00 cd 24.66 C 23.66 de 27.00bc  25.33CD
300 ppm (B) + 1000 ppm (AsA) 29.33a 28.00 b 28.66 A 30.00 a 29.00 a 29.50 A
Mean 24.50 A 2422 B 2522 A 2511 A

Means followed by the same letter (s) within each row, column or interaction are not significantly different at 5%

level
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3.2.2. Yield (kg)/tree

Table (10) shows that 300 ppm boron and 1000 ppm ascorbic acid foliar spray produced the highest
almond tree yield as compared with the control in both seasons. On the other hand, other treatments
gave an intermediate effect in this respect. Furthermore, application dates of foliar sprays had no
significant effect on yield in both seasons. The interaction between all tested foliar sprays combined
with application dates of foliar sprays illustrates that the highest yield was recorded with 300 ppm boric
acid as well as 300 ppm boric acid plus 1000 ppm ascorbic acid foliar spray at 15" September in the
first season and 300 ppm boric acid plus 1000 ppm ascorbic acid foliar spray on 15" September and
15™ December in the second season gave the same and the highest values in this respect.

Table 10: Effect of application dates of foliar sprays, boron and ascorbic acid rates as well as their
interactions on yield of almond trees (2022 and 2023 seasons).

Yield (kg)
2022 2023
Foliar sprays Application date of foliar spray Application date of foliar spray
lsth lsth lsth lsth
September December Mean September  December Mean
Control 1.96 ¢ 2.13 ¢ 2.05D 2.00 g 2.10G 2.05E
150 ppm Boron (B) 3.30 be 2.80d 3.05C 3.23 be 2.70 ef 2.96 CD
300 ppm Boron 3.96a 2.96 cd 346 B 4.03a 2.90 de 3.46 B
750 ppm Ascorbic acid (AsA) 2.73d 3.16 bed 295C 2.60 £ 3.00 cd 2.80 D
1000 ppm Ascorbic acid 3.00 bed 343D 3.21 BC 2.80 def 340D 3.10C
300 ppm (B) + 1000 ppm (AsA) 39 a 390a 393 A 393a 3.83a 3.88 A
Mean 3.15A 3.06 A 3.10A 298 A

Means followed by the same letter (s) within each row, column or interaction are not significantly different at 5%
level

The obtained results regarding the effect of foliar sprays of boric acid and/or ascorbic acid on fruit
set and yield go in line with finding of Hanson (1991); Nyomora et al. (1997) and Silva et al. (2003)
they found that boron application increase yield in several fruit. Moreover, Blevins et al. (1998) and Hu
et al. (1997) indicated that foliar applications of boron were effective in nut trees, such as almond, and
sour cherry. Kizildemir et al. (2013) conducted that Boron application improved fruit set and yield of
‘Nonpareil’ almond trees. Also, Abdel-Karim ef al. (2015) mentioned that foliar spray of boron and
zinc improved fruit set and fruit characteristics of avocado trees. Moreover, Al-Douri and Jassim (2012)
reported that foliar spraying with of ascorbic acid improved fruit set and yield of pomegranate trees.
The enhancement effect of ascorbic acid on fruit set and yield may be attributed to the fact that ascorbic
acid increased leaf chlorophyll content (Fayed, 2010). This led to enhanced of photosynthesis process
(Barth et al., 2006) which led to more carbohydrate production and that reflected in higher yield.
Besides, ascorbic acid increased IAA content which stimulates cell division as well as cell enlargement
(Hassanein et al. 2009 and Abd-El Hamid 2009). The obtained results regarding the effect of ascorbic
acid on yield go in line with the findings of Fayed (2010) on pomegranate trees and Abd-El-Rhman e?
al. (2017) on "Manfalouty" pomegranate trees and Atef (2018) on "Wonderful" pomegranate trees.

On the other hand, the obtained results regarding the effect of application dates of foliar sprays
on fruit set and yield are in line with the findings of Agnes et al. (1997) they mentioned that early fall
foliar application of boron significantly increased fruit set and yield. It is concluded that fall foliar-
applied boron is a useful fertilization strategy that can be used and that boron applied at 245 and/or 490
ppm significantly increased fruit set and yield of almond trees.
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3.3. Fruit quality:
3.3.1. Kernel weight (g):

Table (11) illustrates that 300 ppm boron and 1000 ppm ascorbic acid foliar spray resulted in the
highest kernel weight as compared with control in both seasons. On the other hand, other treatments
gave an intermediate effect in this respect. Moreover, application dates of foliar sprays on 15"
September had the highest significantly effect on kernel weight than those treatments foliar sprays
applied on 15™ December in both seasons. Concerning the interaction between all tested foliar sprays
combined with application dates of foliar spray illustrates that 300 ppm boric acid plus 1000 ppm
ascorbic acid foliar spray on 15" September proved to be the best interaction in this regard.

Table 11: Effect of application dates of foliar sprays, boron and ascorbic acid rates as well as their
interactions on kernel weight of almond trees (2022 and 2023 seasons).

Kernel weight (g)

Foliar sprays 2022 2023

Application date of foliar spray

Application date of foliar spray

15t 15t Mean 15t 15t Mean
September December September December

Control 1.08 f 1.02 £ 1.05 D 1.12 f 1.00 G 1.06 D
150 ppm Boron (B) 147 c 1.25e 1.36 C 1.32de 1.31de 131C
300 ppm Boron 1.59b 1.27¢ 143 B 1.43 ¢ 1.35 cde 1.39B
750 ppm Ascorbic acid (AsA) 1.35de 131e 133 C 1.27e 1.39cd 1.33C
1000 ppm Ascorbic acid 1.43 cd 1.32 de 1.37 BC 1.31 de 1.31 de 1.31C
300 ppm (B) + 1000 ppm (AsA) 1.87 a 1.62b 1.75 A 1.90 a 1.72b 181 A
Mean 1.46 A 1.30 B 1.39 A 1.34B

Means followed by the same letter (s) within each row, column or interaction are not significantly different at 5%
level

3.3.2. Kernel length (cm):

Table (12) indicates that 300 ppm boron and 1000 ppm ascorbic acid foliar spray recorded the
highest kernel length as compared with control in both seasons. On the other hand, other treatments
gave an intermediate effect in this respect. Moreover, application dates of foliar sprays on 15™
September resulted in greater kernel length than those foliar sprays on 15™ December in both seasons.
The interaction between all tested foliar sprays combined with application dates of foliar sprays reveals
that the highest kernel length was recorded with 300 ppm boric acid plus 1000 ppm ascorbic acid foliar
spray on 15" September.

3.3.3. Kernel width (cm):

It is clear from Table (13) that 300 ppm boron and 1000 ppm ascorbic acid foliar spray produced
the widest kernel as compared with control in both seasons. Furthermore, application dates of foliar
sprays had no significant effect on kernel width in both seasons. The interaction between all tested foliar
sprays combined with application dates of foliar sprays illustrates that the highest kernel width was
recorded with 300 ppm boric acid plus 1000 ppm ascorbic acid foliar spray on 15™ September in both
seasons.

The obtained results regarding the effect of boron and/or ascorbic acid on fruit quality go in line
with the findings of Meyer et al. (1998) on almond; Daood and Shahin (2006) on apricot; Abdel-Karim
et al. (2015) on avocado; Maneesh et al. (2018) on pomegranate; Ehsanullah et al. (2020) on apple.
Atef (2018) mentioned that foliar sprays of ascorbic acid improved fruit quality of pomegranate fruit.
The enhancement effect of ascorbic acid on fruit quality may be attributed that firstly, ascorbic acid
increased leaf area and leaf chlorophyll content. This is lead to enhanced photosynthesis process (Barth
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et al., 2006), which reflected in more carbohydrate production and consequently improved fruit quality.
Secondly, ascorbic acid increased IAA content which stimulates cell division as well as cell
enlargement (Hassanein ef al. 2009 and Abd-El Hamid 2009). Furthermore, auxin increased fruit quality
(Barth et al., 2006). Thirdly, ascorbic acid mitigates the adverse effects on plant growth by enhancing
proline accumulation (Azzedine, et al., 2011). The proposed function of the accumulated proline is
osmosis regulation which is an adaptive mechanism to environmental stress (Aspinall and Paleg 1981).
So that the increase in proline leads to enhanced leaf chlorophyll content and that reflected in more
carbohydrate production through photosynthesis process and consequently improved fruit quality.

Table 12: Effect of application dates of foliar sprays, boron and ascorbic acid rates as well as their
interactions on kernel length of almond trees (2022 and 2023 seasons).

Kernel length (cm)

Foliar sprays

2022

2023

Application date of foliar spray

Application date of foliar spray

15 15t Mean 15 15 Mean
September December September December

Control 202¢g 204 ¢ 203E 2.00 h 1.98 h 1.9 E
150 ppm Boron (B) 2.40 be 2.25ef 232C 237c 2.24 ef 230C
300 ppm Boron 2.44 ab 2.35cd 2.39B 2.45 ab 2.27 de 2.36 B
750 ppm Ascorbic acid (AsA) 220f 2.26 ef 223D 219¢g 2.30d 2.24D
1000 ppm Ascorbic acid 2.28 de 231cd 229C 223 f 234 ¢ 2.29C
300 ppm (B) + 1000 ppm (AsA) 247 a 2.43 ab 245 A 247 a 241b 244 A
Mean 230 A 227 A 228A 2.26B

Means followed by the same letter (s) within each row, column or interaction are not significantly different at

5% level

Table 13: Effect of application dates of foliar sprays, boron and ascorbic acid rates as well as their
interactions on kernel width of almond trees (2022 and 2023 seasons).

Kernel width (cm)

Foliar sprays

2022

2023

Application date of foliar spray

Application date of foliar spray

15% 15" Mean 15% 15% Mean
September December September December

Control 1.07 f 1.05f 1.07D 1.05h 1.00 1 1.02E
150 ppm Boron (B) 1.31 bed 1.24 ¢ 1.27C 1.38 be 1.28f 1.33B
300 ppm Boron 1.36 ab 1.28 de 1.32 AB 1.40 ab 1.30 ef 1.35B
750 ppm Ascorbic acid (AsA) 1.24¢ 1.29 cde 1.27C 124 ¢g 1.33 de 128D
1000 ppm Ascorbic acid 1.27 de 1.31 bed 1.29 BC 1.26 fg 1.35cd 1.30C
300 ppm (B) + 1000 ppm (AsA) 137a 1.34 abc 1.35A 142 a 1.39 ab 1.40 A
Mean 127 A 125 A 1.29 A 127 A

Means followed by the same letter (s) within each row, column or interaction are not significantly different at

5% level
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In addition, the obtained results regarding the effect of application dates of foliar sprays on fruit
quality go in line with the findings of Agnes et al. (1997) on almond.

Conclusively, the interaction between all tested foliar sprays combined with application dates of
foliar sprays mentioned that 300 ppm boric acid plus 1000 ppm ascorbic acid foliar spray on 15"
September (the first date) induced the highest positive effect on the studied fruiting and fruit quality
traits of "Umm al-Fahm" almond trees budded on bitter almond rootstock.

Reference

Abd-El-Hamid, E.K., 2009. Physiological effects of some phytoregulators on growth, productivity and
yield of wheat plant cultivated in new reclaimed soil. PhD. Thesis, Girls College, Ain Shams Univ.
Cairo, Egypt.

Abdel-Karim, H.A., M.A. Nehad, K.M. El-Rouby, K.A. Roshdy, 2015. Effect of foliar application of
Boron and Zinc on fruit set, yield and some fruit characteristics of Fuerte avocado. Research
Journal of Pharmaceutical, Biological and Chemical Sciences. 6. 443-449.

Abd-El-Rhman . E., M. F. Attia, E.S. El-Hady, F. H. Laila, 2017. Effect of foliar spraying of some
antioxidants and micronutrients on yield, fruit quality and leaf mineral content of Manfalouty
pomegranate trees (Punica granatum L.) grown in a calcareous soil. Middle East J. Appl. Sci.,
7(4): 713-725.

Agnes N., P.H. Brown and M. Freeman, 1997. Fall foliar-applied boron increases tissue boron
concentration and nut set of almond. Journal of the American Society for Horticultural Science,
122(3):405-410.

Al-Douri, E. and A. Jassim, 2012. Effect of foliar spray of boron and ascorbic acid on leaf mineral
content and vegetative growth parameters of pomegranate trees (Punica granatum L.) Salimi cv.
Tikrit Journal for Agricultural Sciences, 13(3):140-147.

Al-douri, E. and R. Basheer, 2021. Effect of foliar spraying with ascorbic acid and dry yeast extract on
some vegetative growth traits and chemical content of bitter almond (Prunus Amygdalus Var.
Amara) seedlings. IOP Conference Series: Earth and Environmental Science. 761.

Atef, Abo-Ogiala, 2018. Managing crop production of pomegranate cv. Wonderful via foliar application
of Ascorbic acid, proline and glycinbetaine under environmental stresses. International Journal of
Environment, 7(3): 95-103.

Aspinall, D. and L.G. Paleg, 1981. Proline accumulation: physiological aspects. In: Paleg, L.G.,
Aspinall, D. (Eds.), The Physiology and Biochemistry of Drought Resistance in Plants. Academic
Press, Sydney, pp. 205-241.

Azzedine, F., H. Gherroucha and M. Baka, 2011. Improvement of salt tolerance in durum wheat by
ascorbic acid application. J. Stress Physiol. Biochem. 7:27-37.

Barth, C., M.D. Tullio and P.L. Conklin, 2006. The role of Ascorbic acid in the control of flowering
time and the onset of senescence. J. Experimental Botany, 57(8):1657-1665.

Blevins, D.G. and K.M. Lukaszewski, 1998. Boron in plant structure and function. Annu. Rev. Plant
Physiol. Plant Mol. Biol.49: 481-500.

Christensen, P., R.H. Beede and W. Peacock, 2016. Fall foliar sprays prevent boron deficiency
symptoms in grapes. California Agric. 60 (2): 100-103.

Clarke, G.M. and R.E. Kempson, 1997. Introduction to the design and analysis of experiments. Arnold,
1 St Ed. A Member of the Holder Headline Group, London, UK.

Conklin P. and C. Barth, 2004. Ascorbic acid, a familiar small molecule intertwined in the response of
plants to ozone, pathogens, and the onset of senescence. Plant Cell Environ 27:959-970.

Daood, E. and M.F.M. Shahin, 2006. Effect of spraying magnesium, boron, ascorbic acid and vitamin
B complex on yield and fruit quality of “Canino” apricot. Arab Universities Journal of Agricultural
Sciences. 14: 337-347.

Davey M., M. Montagu, D. Inze, M. Sanmartin, A. Kanellis, N. Smirnoff, I. Benzie, J. Strain, D. Favell
and J. Fletcher, 2000. Plant L-ascorbic acid: chemistry, function, metabolism, bioavailability and
effects of processing. J Sci Food Agric., 80:825-860.

Duncan, D.B., 1955. Multiple range and multiple F test. Biometrics, 11:1-24.

Hanson EJ., 1991. Curr Top Plant Biochem Physiol, 10:240-246.

122



Middle East J. Agric. Res., 15(2): 111-123, 2026
EISSN: 2706-7955 ISSN: 2077-4605 DOI: 10.36632/mejar/2026.15.2.8

Ehsanullah S., S.M. Honnabyraiah, M.K. Dhananjaya, B.N. Venkata Rao and B.R. Premalatha, 2020.
Effect of foliar application of zinc and boron from different sources on growth, yield and quality
of custard apple (4dnnona squamosa L.) cv. Arka Sahan. International Journal of Chemical Studies,
8(5): 35-39.

Elade, Y., 1992. The use of antioxidants to control gray mould (Botrytic cibera) and white mould
(Sclerotinia Aclerotiorum) in various crops, Plant Pathol., 141: 417-426.

El-Sayed, O., O.H.M. El-Gammal and A.S.M. Salama, 2014. Effect of ascorbic acid, proline and
jasmonic acid foliar spraying on fruit set and yield of Manzanillo olive trees under salt stress.
Scientia Horticulturae. 176:32-37.

Fayed, T. A., 2010. Effect of compost tea and some antioxidant application on leaf chemical
constituents, yield and fruit quality of pomegranate. World Jouranl of Agricultural Sciences 6
(4):402-411.

Hassanein, R.A., F.M. Bassony, D.M. Barakat and R.R.Khalil, 2009. Physiological effects of
nicotinamide and ascorbic acid on Zea mays plant grown under salinity stress. 1- Changes in
growth, some relevant metabolic activities and oxidative defence systems. Res J Agric Biol Sci.,
5:72-81.

Hu, H., S.G. Penn, C.B. Lebrilla and P.H. Brown, 1997. Isolation and characterization of soluble boron
complexes in higher plants (the mechanism of phloem mobility of boron). Plant Physiol. 113: 649-
655.

Kizildemir, M., B. Ibrahim and A. Bekir, 2013. Effects of foliar boron applications to almond on some
pollen features and fruit set. Acta Horticulturae. 984:171-178.

Lee, S.K. and A.A. Kader, 2000. Preharvest and postharvest factors influencing vitamin C content of
horticultural crops. Post Harv. Biol. Technol., 20:207-220.

Lewis, D.H., 1980. Are there interrelations between metabolic role of boron, synthesis of phenolic
phytoalexin and the germination of pollen. New Phytol., 84: 261-270.

Lovatt C.J. and W.M. Dugger, 1984. Boron, pp.389-421 In: E. Frieden (ed) Biochemistry of the
Essential Ultratrace Elements. Plenum Pub. Corp.

Maneesh, K. D., T.R. Sharma, M.S. Bhooriya and G. Lodha, 2018. Effect of foliar application of zinc
and boron on growth, reproductive and yield of pomegranate cv. Ganesh in hast bahar.
International Journal of Chemical Studies, 6(5): 499-503.

Meyer, R.D., J.P. Edstrom, J. Deng and S. Cutter, 1998. Foliar nutrient (N, P, K, B) application effects
on almond yield. Acta Hortic., 470:406-411.

Nyomora, A.M.S., P.H. Brown and M. Freeman, 1997. Fall foliar-applied boron increases tissue boron
concentration and nut set of almond. J. Amer. Soc. Hort. Sci. 122:405-410.

Nyomora, A.M.S., P.H. Brown, K. Pinney and V.S. Polito, 2000. Foliar Application of Boron to
Almond Trees Affects Pollen Quality. J. American Soc Hort Sci. 125(2):265-270.

Palasciano, M., V. Logoluso, and E. Lipari, 2014. Differences in drought tolerance in almond cultivars
grown in Apulia region (Southeast Italy). Acta Horticulturae, 1028: 319-324.

Pignocchi, C. and C.H. Foyer, 2003. Apoplastic ascorbate metabolism and its role in the regulation of
cell signaling. Curr Opin Plant Biol 6: 379-389.

Raad, A. M., E. F. S. Al-Douri and M. R. Sameen, 2021. Effect of spraying with different levels of
Ascorbic acid and yeast extract on the vegetative growth and yield of Pear Trees (Pyrus communis
L.). Eco. Env. & Cons. 27(2): 956-961.

Salama, A.S.M., 2023. Effect of charcoal and humic acid on vegetative growth, flowering and fruit
quality of almond trees. Middle East Journal of Agriculture Research, 12(4):665-675.

Shalata, A., M. N. P. Neumann, 2001. Exogenous ascorbic acid (vitamin C) increases resistance to salt
stress and reduces lipid peroxidation. J. Exp. Bot. 52: 2207—2211.

Shaymaa, A., Z. Ibrahim and H., Nabi, 2022. Response of almond seedling (Prunus amygalus) to spray
of aminoplasmal, humic acid and boron. Iraqi Journal of Agriculture Sciences, 53:415-428.

Silva, A.P., E. Rosa, and S.H. Haneklaus, 2003. Influence of foliar boron application on fruit set and
yield of hazelnut. J. Plant Nutr. 26:561-569.

Tavallali, V. and M. Rahemi, 2007. Effects of rootstock on nutrient acquisition by leaf, kernel and
quality of pistachio (Pistacia vera L.). American-Eurasian J. of Agricultural and Environmental
Sci. 2(3):240-246.

White, J.G. and R.J. Zasoski, 1999. Mapping soil micronutrients. Field Crops Research, 60:11-26.

123





