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Abstract

This study was conducted over two successive seasons on Khalas date palms. The chosen palms
were sprayed with citric, ascorbic, and salicylic acids at 500, 500, and 100 ppm, respectively, as
antioxidant treatments, either individually or in combinations, to investigate their effects on
productivity and fruit physical and chemical properties. The findings demonstrate that, when
compared to the untreated palms (control), foliar application of the antioxidants under
investigation, either alone or in combination, improved the fruit set, fruit retention, bunch weight,
yield per palm, fruit weight, fruit dimensions, flesh weight, total soluble solids, total sugars,
reducing sugars, non-reducing sugars, and N, P, K, Ca, Mg, and Fe values in the fruits. In
decreasing order, citric, ascorbic, and salicylic acids were used to promote these characteristics.
Applying these antioxidants together was more practical in this regard than applying them
separately. Spraying a combination of citric, ascorbic, and salicylic acids four times (on the first of
March, April, May, and June) had the greatest effects on Khalas date palms' production and fruit
quality.
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1. Introduction

One of the biggest and most significant issues facing date palm producers is the poor cropping of Khalas date
palms cultivated on sandy soil. Antioxidants including organic acids, amino acids, and vitamins have been shown to
improve development, nutritional status, yield, and fruit quality in a number of fruit crops, including date palm,
citrus, mango, banana, and olive. This helps to address the issue of low yielding [1-157.

When modest amounts of antioxidants are added to a material, they react quickly with the free radical
intermediates of an auto-oxidation chain to prevent further processing. Free radicals that include oxygen have
recently drawn more attention due to their potential involvement as causative agents in the genesis of a number of
chronic diseases in biological systems [167]. Consequently, the methods of action and beneficial biochemical roles of
naturally occurring antioxidants in the cells of the organisms that possess them are being studied [177].
Additionally, it has been noted that plants with high inherent or induced antioxidant levels are more resistant to
this type of oxidative damage [187].

Crops' physiological states were prolonged in large part by organic acids. Citric acid applied topically has been
identified as a workable way to increase plant tolerance to conservational challenges and, therefore, crop output.
Citric acid is a six-carbon organic acid having a central role in the Krebs cycle. Applying citric acid to plants can
increase their capacity to withstand salt, which will ultimately increase the production [197]. Moreover, applying
citric acid increases the high photosynthetic pigment content and alters an antioxidant defense system, which
affects secondary metabolites and increases plant yield in stressed soil [207. Previous research has shown that by
enhancing the activity of antioxidant defense mechanisms, exogenous citric acid treatment can reduce oxidative
stress in plants [197.

Carotenoids, ascorbate, glutathione, vitamin E, flavonoids, phenolic acids, other phenols, alkaloids, polyamines,
chlorophyll derivatives, amino acids, amines, and other substances are the main constituents of this antioxidant
system. Ascorbic acid is a tiny, water-soluble antioxidant that works as a primary substrate in the cyclic pathway
for hydrogen peroxide enzymatic detoxification. It is also thought to be the most significant reducing substrate for
the removal of H202 [21-247]. It has been reported that ascorbic acid acts as a bio-regulator of plant growth and
development [257].

Salicylic acid molecules are crucial to the process of development, and certain of them are essential to the
mechanism that leads to environmental adaptation. It has long been recognized that salicylic acid is a signal
molecule that triggers defense systems in plants [26-277]. Investigations have shown that the use of salicylic acid, a
significant antioxidant, was crucial for enhancing fruiting and development [28-317.
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The purpose of this study was to demonstrate how certain antioxidants, namely salicylic acid, citric acid, and
ascorbic acid, improve the yield, fruit characteristics, and mineral contents of Khalas date palms cultivated in sandy
soil.

2. Materials and Methods

The present study was carried out during two successive seasons on 10 years old Khalas date palms grown in a
private orchard situated at 63 kilometers from Cairo-Alexandria-desert road. Palms had been planted at 7x7
meters apart, and irrigated through drip system. The chosen palms had almost steady growth vigor and fruiting,
and were in good condition. The various agricultural treatments were the same for all palms under investigation.
The leaves of palms under the study were thinned at the rate of eight leaves per one bunch, and the number of
spathes per palm was adjusted to 10 bunches for each palm.

The three antioxidants (citric acid, ascorbic acid, and salicylic acid) were applied as single or combined treatments
in the experiment as follows:-

T1. Control (untreated palms).

T2. Citric acid at 500 ppm.

Ts. Ascorbic acid at 500 ppm.

T4. Salicylic acid at 100 ppm.

T5. Combination of treatments T2 + T3 + T4

Palms were sprayed with the three antioxidants four times (on the first of March, April, May, and June) during
each growing season.

One palm was used for each of the three replications of each treatment. All spraying solutions of the
antioxidants under investigation were applied till run oft with a motor sprayer, and Triton B was utilized as a
wetting agent with all treatments at a concentration of 0.1%.

The randomized complete block design (RCBD) was used to arrange the treatments in this experiment.

Ten strands/spathe were attached to each of the three bunches/palms in order to count the number of fruit
sets per strand. Following a month of artificial pollination, the percentage of fruit set was determined as follows:

Ultimate fruit setting % = No. of retained fruits per strand / No. of fruit set per strand X 100

The following measurements were recorded for all treatments under investigation:

2.1. Yield Per Palm (Kg)

At harvest time, number of bunches/palm was counted and weight of all bunches were recorded to estimate the
total yield per palm.

2.2. Fruit Properties
Samples of 50 fruits were randomly collected at the peak of color stage from each palm to determine the
physical and chemical fruit properties.

2.8. Fruit Physical Properties
Fruit weight (gm), fruit dimensions (cm), flesh and seed weight (gm) were measured.

2.4. Fruit Chemical Properties
A hand refractometer was used to measure the percentage of total soluble solids (TSS), total sugars, reducing

sugars, and non-reducing sugars, as well as the tetratable acidity (measured as the percentage of malic acid) as the
methods of AOAC [327].

2.5. Determination of Fruit Minerals

Determination of nitrogen was done in the digested samples of the fruits using micro Kjeldahl method and the
other minerals (P, K, Ca, Mg, and Fe) were determined by atomic absorption and the standard methods outlined
according to Chapmann and Pratt (1961)[337].

2.6. Statistical Analysis
New LSD at 5% was used to tabulate all of the collected data and perform the appropriate statistical analysis
according to Mead et al. (1993) [34].

3. Results
3.1. Fruit Set and Fruit Retention Percentages and Palm Yield (Kg)

The obtained results in Table (1) show that all foliar applications of citric, ascorbic and salicylic acids
individually or in combinations were increased fruit set significantly, as well as fruit retention of Khalas date palms
compared to the control during both studied seasons. Mixture of the three antioxidants together was preferable in
enhancing the fruit set and fruit retention percentages than using each of them solely. The palms received the
mixture containing the three antioxidants together recorded the highest fruit set percentage (70.3 & 71.0%), and
fruit retention percentage (38.2 & 87.5%) in both studied seasons.

The lowest fruit set percentages (59.7 & 60.0%), and fruit retention (33.5 & 31.83%) were obtained with the
control treatment during the both seasons.

The heaviest bunches (12.6 & 12.9 Kg), and palm yield (126.0 & 129.0 Kg) had been recorded with spraying the
three antioxidants together. While, the lowest bunch weight (8.2 & 8.4 Kg), and the yield per palm (82.0 & 84.0
Kg) were reached due to the control treatment in the two studied seasons.
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Table 1. Effect of some antioxidants on fruit set, fruit retention, bunch weight and yield per palm of Khalas date palms during the two
seasons.

Fruit set % Fruit retention % | Bunch weight (Kg) Yield/palm (Kg)
cters 15t Qnd 1st Qnd 1st Qnd 15t Qnd
Treatments season season season season season season season season
T1 59.7 60.0 33.5 31.3 8.2 8.4 82.0 84.0
T2 61.7 60.7 36.0 838.7 9.8 10.3 98.0 103.0
T3 63.6 62.7 34.8 32.7 9.6 10.0 96.0 100.0
T4 60.8 60.3 34.8 33.3 9.2 9.9 92.0 99.0
T5 70.8 71.0 38.2 37.5 12.6 12.9 126.0 129.0
LSD at 0.05 level 1.52 1.19 1.8 1.3 0.21 0.32 7.94 8.9

3.2. Fruit Physical Properties

From Table (2), it is worth to mention that the single or the combination of citric, ascorbic, salicylic acids show
a significant impact on improving fruit properties such as fruit weight, both fruit length and width, as well as flesh
weight.

The highest values of weight, length, and diameter of the fruit [(12.6 & 12.2 gm), (3.4 & 3.6 ¢cm), (2.4 & 2.5 cm),
respectively ], as well as flesh weight (11.2 & 10.9 gm) were presented with the palms received the mixture
containing the three antioxidants together. These results were obtained in both seasons.

The least values of weight, length, diameter of the fruit [(10.1 & 9.7 gm), (2.9 & 3.0 cm), (2.2 & 2.2 cm),
respectively ], and also the weight of flesh (8.9 & 8.5 gm) were recorded from the untreated palms in the two
seasons.

Table 2. Effect of some antioxidants on fruit weight, fruit dimensions, flesh weight and seed weight of Khalas date palms during the two
seasons.

acters Fruit weight Fruit length Fruit diameter Flesh weight Seed weight
(gm) (cm) (cm) (gm) (gm)
lst Qnd lst Qnd lst Qnd lst Qnd lst Qnd
Treatments season | season | season | season | season | season | season | season | season | season

T1 10.1 9.7 2.9 3.0 2.2 2.2 8.9 8.5 1.2 1.2
T2 10.9 10.4 3.1 3.2 2.3 2.3 9.5 9.1 1.4 1.3
T8 11.4 11.1 3.2 3.4 2.2 2.3 10.1 9.8 1.3 1.3
T4 10.8 10.6 3.1 3.3 2.3 2.4 9.6 9.3 1.2 1.3
Ts 12.6 12.2 3.4 3.6 2.4 2.5 11.2 10.9 1.4 1.3
LSD at 0.05 level 0.26 0.32 0.11 0.12 0.07 0.05 0.34 0.35 0.07 0.11

3.8. Fruit Chemical Properties

Table 38 shows that the individual treatments or the combination one of the three antioxidants had a significant
improvement concerning chemical properties of the fruit in terms of increasing the total soluble solids, T'SS/acid
ratio, while decreasing the total acidity in compared to the control in both studied seasons.

The highest percentage of total soluble solids (31.9 & 81.83%) and TSS/acid ratio (184.4 & 184.3) were
presented with Khalas date palms that received the sprays of the mixture containing the three antioxidants
together, while, the least TSS value (29.2 & 28.8%), and T'SS/acid ratio (189.1 & 130.8) had been recorded due to
the control treatment during both studied seasons.

A significant impact on fruit quality was observed when using the combined applications of the three
antioxidant rather than the application of each material solely.

Table 3. Effect of some antioxidants on TSS, acidity and TSS/acid ratio of Khalas date palms during the two seasons.

acters TSS % Acidity % TSS/acid ratio

Treatments 1% season 2" season | 1° season | 2"¢ season 1% season 2" season
T1 29.2 28.8 0.21 0.22 139.1 130.8

T2 30.8 30.0 0.20 0.19 154.3 157.7

T3 31.1 30.8 0.19 0.19 163.9 162.6

T4 31.0 30.8 0.19 0.18 160.9 165.4

Ts 31.9 31.8 0.17 0.17 184.4 184.3

LSD at 0.05 level 0.99 0.84 0.001 0.005 11.97 6.27

Table 4 results, obviously reveal that the individual or combined treatments of citric, ascorbic, and salicylic
acids had a positive and significant effect on percentages of reducing, non-reducing, as well as total sugars in
Khalas fruit rather than the untreated palms. This was true in the two studied seasons. The combined application
was superior to the individual ones.

The highest values concerning non-reducing sugars (13.2 & 13.6%), reducing sugars (36.5 & 37.3%) and total
sugars (49.7 & 50.9%) were obtained from the mixture containing the three antioxidants (citric, ascorbic and
salicylic acids) in the two seasons, respectively. In this concern, the untreated palms produced the lowest values
[(11.9 & 12.4%), (35.0 & 36.3%), (46.9 & 48.7%)] for the non-reducing, reducing, and total sugars, respectively in
both studied seasons.
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Table 4. Effect of some antioxidants on fruit non-reducing, reducing and total sugars of Khalas date palms during the two seasons.

Characters Non-reducing sugars % Reducing sugars % Total sugars %
Treatments 1°t season 2 season 1°t season 2" season 1%t season 2" season
T1 11.9 12.4 35.0 36.3 46.9 48.7
T2 12.3 13.0 35.5 36.8 47.8 49.8
T3 12.6 12.9 35.6 36.7 48.2 49.6
T4 12.2 12.9 35.3 36.2 47.5 49.1
T5 13.2 13.6 36.5 37.3 49.7 50.9
LSD at 0.05 level 0.19 0.81 0.12 0.98 0.28 1.11

3.4.. Fruit Mineral Contents
It is clear from Table (5) that various treatments significantly affected fruit mineral content.

Single or combined treatments of the three antioxidants improved significantly the mineral contents in Khalas
date palm fruit as compared to the control treatment in the two studied seasons.

The maximum values were recorded from the palms sprayed with the three antioxidants together, while, the
least values were observed in the fruits that picked from the unsprayed palms. These results were detected in both
seasons.

Table 5. Effect of some antioxidants on fruit contents of N, P, K, Ca, Mg and Fe of Khalas date palms during the two seasons.

Char. N% P% K% Ca% Mg% Fe ppm
15t Qnd 15t Qnd 15t Qnd 15t Qnd 1st Qnd season 15t 2nd
Treat. season| season | season | season | season | season | season | season season season| season

T1 0.42 0.51 57.8 63.0 0.82 0.85 44.6 46.3 39.1 37.8 1.97 1.98

T2 0.55 0.57 65.5 65.2 1.20 1.20 50.0 49.3 42.2 39.9 2.18 2.16

] 0.563 0.55 644 64.7 0.97 1.10 52.8 53.5 46.9 45.0 2.39 2.39

T4 0.55 0.57 61.5 63.5 0.86 0.93 53.8 51.5 42 .4 44.6 2.30 2.33

T5 0.80 0.86 77.7 78.2 1.70 1.80 67.0 62.8 54.6 54.5 2.91 2.92

LSD at 0.03 0.03 2.03 0.73 0.04% 0.04% 2.88 1.38 1.06 0.63 0.04 0.03
0.05 level

4. Discussion

Generally, the obtained results are in line with those obtained in many investigations [15, 35-37. In this
concern, the positive effect for the used three antioxidants on fruit set, productivity and fruit properties of Khalas
date palms could mainly due to their catching impact on the free radicals, prolonging shelf life of plant cell,
delaying ethylene production and protecting plants from different disorders. However, the explanation of the
antioxidants metabolic activities in the plants, probably due to the increasing of endogenous hormones (auxin and
gibberellins) [88-407. Also, the antioxidants show enhancing in the metabolic processes in the direction of
increasing total phenols and total indols in chamomile plants [41-427. Moreover, the antioxidants enhanced
protein synthesis and delayed senescence [2, 43-44].

The obtained results concerning the fruit sugar contents may be explained due to the effect of antioxidants on
increasing total carbohydrates in different plant organs [43, 45, 46. On the other side, ascorbic acid is recognized
for its role in the oxidation-reduction system, functioning as both an electron donor and acceptor during the
photosynthetic process [47]. Furthermore, it has been documented that ascorbic acid eftectively scavenges free
radicals, which contribute to the increased oxidation observed in plant tissues [487].

The present results can elucidate the beneficial effects of salicylic acid in enhancing the tolerance of fruit crop
species to both biotic and abiotic stresses, as well as its role in the biosynthesis of sugars, amino acids, and plant
pigments, along with its promoting effect on cell division [49, 507.

On the other hand, when sunflower plants were sprayed with antioxidants namely Thiamine, nicotinamide and
ascorbic acid at different concentrations, all treatments led to significant increase in seed yield per plant and seed
weight [517. The application of a-Tocopherol, ascorbic acid, and nicotinamide to faba bean plants resulted in an
increase in the number of seeds per plant, seed yield, and seed weight [467]. Moreover, treating Picual olive trees
with antioxidants namely a-Tocopherol, ascorbic acid and nicotinamide had a positive impact on rising fruit weight
and enhancing fruit properties, fruit oil content and reduced the acidity percentage compared to the untreated trees
[527.

The obtained results are supported by many of the previous investigations [2, 3, 8, 9, 11, 13, 15, 26, 29, 31, 35,
36, 547

5. Conclusion

The application of a mixture of three antioxidants namely citric acid at 500 ppm, ascorbic acid at 500 ppm, and
salicylic acid at 100 ppm on Khalas date palms, as spaying treatments four times, demonstrates significant
potential. This treatment yielded optimal outcomes in terms of fruit set, retention, bunch weight, mineral content,
yield per palm, as well as the physical and chemical properties of the fruit.
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