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Pre-harvest Foliar Spray of Calcium, GA;3;, and Salicylic
Acid to Enhance Apricot Yield and Fruit Quality
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The impact of different pre-harvest foliar sprays was assessed relative to
the yield and quality of apricot fruits (cv. EI-Amal) under field conditions.
Apricot trees were sprayed with various solutions, including salicylic acid
(SA at 250 and 750 ppm), calcium acetate [Ca(OAc), at 2% and 4%)],
calcium chloride (CaCl, at 2% and 4%), and gibberellic acid (GA; at 25
and 100 ppm) at the pit hardening growth stage before harvest. All foliar
spray treatments positively affected fruit yield per tree compared to
untreated plants. The most effective treatments were CaCl, at 4% and
GA; at 100 ppm, followed by SA at 750 ppm and Ca(OAc), at 4%. All
treatments significantly increased fruit weight compared to the control
group. GA; also significantly improved fruit firmness, outperforming all
other treatments. Additionally, CaCl, at 2% and SA at 250 ppm resulted in
higher firmness. SA at 750 ppm exhibited higher total soluble solid (TSS)
content. While the foliar spray treatment without any solution resulted in
the lowest fruit acidity, SA at 250 ppm had the highest acidity. In
conclusion, pre-harvest foliar application of GAz (100 ppm), CaCl, (2%),
and Ca(OAc), (4%) can effectively enhance fruit yield and improve quality
of apricots.
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INTRODUCTION

A climacteric fruit crop of significant economic importance on a global scale,
apricots (Prunus armeniaca L.) are valued for their unique flavor, nutritional content, and
adaptability in both fresh and processed forms (Bartolini and Andreini 2014). A major goal
for apricot growers is to produce large quantities of fruit that can be sold. Fruit set,
development, and quality characteristics like size, firmness, and postharvest shelf life can
all be substantially impacted by several preharvest variables, such as environmental
stressors, nutritional deficiencies, and hormonal imbalances (Ruiz et al. 2013). Effective
pre-harvest techniques are therefore continuously needed to maximize apricot production
(Crisosto and Kader 1999). For the best tree growth and fruit development, traditional
orchard management techniques including fertilization and irrigation are crucial. However,
to further increase yield and fruit quality, recent studies have increasingly concentrated on
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the potential of exogenous applications of plant growth regulators (PGRs) and other
bioactive compounds. Salicylic acid (SA), calcium (Ca), calcium acetate [Ca(OAc),] and
gibberellic acid (GA3) and have demonstrated potential as efficient pre-harvest treatments.

Salicylic acid (SA), a phenolic compound acting as a signaling molecule in plants,
plays a critical role in regulating physiological processes, including stress tolerance, fruit
ripening, and senescence (Hayat ef al. 2010; Abd El-Naby, 2019; Asrey et al. 2023). Pre-
harvest SA applications have been reported to enhance fruit firmness, total soluble solids
(TSS), and antioxidant activity in various fruit crops (Abdel Wahab 2015; Shafiq ef al.
2017). Acetylsalicylic acid-treated loquat fruit exhibited higher firmness retention at the
initial harvesting period, and less changes in soluble solids content and titratable acidity
values, thereby maintaining the sweet/acid equilibrium (Hadjipieri ef al. 2021). Similarly,
A pre-harvest spray of 2 mmol salicylic acid, applied two weeks before fruit harvest,
yielded the best results for enhancing peach physical and chemical properties (Ismail ef al.
2014; Salyari et al. 2022).

Calcium (Ca) is an essential nutrient involved in cell wall stabilization, membrane
integrity, and enzyme activity (White and Broadley 2003). Pre-harvest calcium
applications improve fruit firmness, delay softening, and extend shelf life by strengthening
cell walls and limiting enzymatic degradation (Conway et al. 2002; Fallahi et al. 2010).
Calcium chloride (CaClz) has been widely used to enhance these effects due to its high
solubility and efficacy in increasing fruit firmness and reducing postharvest decay. Pre-
harvest foliar applications of CaCl. (0.5 and 2%) at 72 and 74 days after full bloom
improved the fruit quality of cvs. ‘Shahroudi’, ‘Dajie’, and ‘Canino’ apricots by increasing
fruit size, weight, and firmness. These effects were most pronounced when CaCl. was
applied at fruit set and approximately 10 days before harvest (Cui ef al. 2020; Ennab ef al.
2020; Moradinezhad and Dorostkar 2021; Okba et al. 2021; Liang et al. 2023).

Gibberellic acid (GAs) regulates fruit development by promoting cell division and
elongation, enhancing fruit size and weight, and delaying ripening (Agusti 2004; Davies
2010). In apricots, GAs has been shown to improve fruit color, size, and shelf life. Apricots
cv. NS-4 treated with 200 ppm gibberellic acid (GAs) at the early stage of sepal fall showed
increased flesh firmness compared to untreated fruits (Khajehyar et al. 2014; Milovi¢ et al.
2022). Similarly, foliar application of GAs significantly enhanced the yield of apricot trees
cv. ‘Zaghinia’. GAs at 75 mg L produced the highest fruit yield, weight, and volume, as
well as total soluble solids and carotene content, while 25 mg L' resulted in the lowest
fruit acidity (Al-Janabi 2024). Preharvest foliar application of GAs at 0.005% produced the
highest fruit yield, weight, and size in apricot cv. New Castle (Thakur ef al. 2025).

Despite extensive research on the role of salicylic acid, calcium acetate, calcium
chloride, and gibberellic acid in postharvest quality of various stone fruits, limited
information is available on their comparative effects and optimal concentrations for
enhancing fruit yield and quality in apricot trees, particularly the ‘El-Amal’ cultivar grown
under Egyptian conditions. This lack of detailed understanding represents a significant gap
in optimizing pre-harvest spray programs for this cultivar. Therefore, the present work
aimed to fill this gap by evaluating the physiological and biochemical responses of ‘El-
Amal’ apricot trees to different pre-harvest foliar applications. The novelty of this study
lies in its integrated comparison of multiple bio-regulators and calcium sources applied at
different concentrations and growth stages, providing the first comprehensive assessment
of their combined influence on yield, fruit physical traits, and quality parameters in this
locally important apricot cultivar.
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EXPERIMENTAL

Experimental Site and Plant Material

The study was implemented across two continuous agricultural seasons, 2021 and
2022. The experimental site was a private orchard located in Wadi Elmollak, Ismailia
Governorate, Egypt (30°35'N, 32°14'E, altitude). The annual rainfall and annual
temperatures for the two studied seasons are given in Table 1. The region is characterized
by a Mediterranean climate with an average annual temperature of 21.3 °C and an average
annual rainfall of 26 mm. The plant material used in this study consisted of ten-year-old
apricot trees (Prunus armeniaca L.), belonging to the “El-Amal” cultivar and grafted onto
Balady rootstock. These trees were cultivated in sandy soil with a spacing of 5 x 5 m,
equivalent to a planting density of 168 trees per feddan. Irrigation was applied via a drip
system comprising two lateral lines per row, each tree receiving water through eight
adjustable emitters with a flow rate of 8§ L/h. The soil in the experimental area was
characterized as sandy, with a composition of 94.72% sand.

Table 1. Climate Data for Wadi EImollak, Ismailia Governorate, Egypt

Year Season Total Seasonal Mean Seasonal
Rainfall (mm) Temperature (°C)
Winter (Dec 2020 -
2021 Feb 2021) 12.5 14.2
Spring (Mar - May) 4.3 22.8
Summer (Jun - Aug) 0.0 29.5
Autumn (Sep - Nov) 3.1 23.9
Annual 2021 Total / 19.9 226
Mean
Winter (Dec 2021 -
2022 Feb 2022) 14.7 14.5
Spring (Mar - May) 5.2 22.5
Summer (Jun - Aug) 0.0 29.8
Autumn (Sep - Nov) 22 241
Annuall\ﬁOZZ Total / 291 297
ean

Experimental Design and Treatments
The experimental treatments were arranged in blocks to minimize variability, and
each treatment was applied to all blocks, ensuring full replication. The experiment
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consisted of 13 treatments, each treatment was replicated three times, and each replicate
consisting of two trees. The treatments involved foliar applications of SA, Ca(OAc)2, CaCl2
and GA3 at varying concentrations. The specific treatments are shown in Table 2.

Table 2. Pre-harvest Foliar Sprays of ‘EI-Amal’ Apricot Cultivar

Foliar Spray Material Concentration Symbol

Water (control) 0.0 T
SA 250 ppm T2

SA 500 ppm T3

SA 750 ppm T4
Ca(OAc): 1% T5
Ca(OAc): 2% T6
Ca(OAc): 4% T7
CaClz 1% T8
CaClz 2% T9
CaClz 4% T10
GA3 25 ppm T11

GA3 50 ppm T12

GAs3 100 ppm T13

The preparations of each chemical used in the pre-harvest foliar spray were as
follows: Salicylic Acid (SA): To prepare the SA solution, the required amount of SA
powder was dissolved in a small volume of ethanol and then diluted with distilled water to
reach the final concentrations of 250, 500, and 750 ppm for T2, T3, and T4, respectively
according to (Zahid et al. 2023). Calcium Acetate [Ca(OAc):]: The appropriate amount of
Ca(OAc): was dissolved directly in distilled water to prepare 1%, 2%, and 4% solutions
for TS, T6, and T7, respectively. This preparation method is widely accepted in agricultural
research for foliar applications. Calcium Chloride (CaClz): CaCl. powder was dissolved in
distilled water to achieve 1%, 2%, and 4% solutions for T8, T9, and T10, respectively
according to (Mazumder et al. 2021). Gibberellic Acid (GAs): GAs powder was first
dissolved in a small volume of 95% ethanol and then diluted with distilled water to obtain
final concentrations of 25, 50, and 100 ppm for T11, T12, and T13, respectively. Control
(T1): Distilled water only, serving as a baseline for comparison.

Foliar sprays were applied once at the pit hardening phenological stage, which
occurred in the first week of May during both seasons. To enhance the efficacy of the foliar
applications, polysorbate 20 (Tween 20) was added to each solution at a concentration of
0.1% (v/v) as a surfactant. Each tree was sprayed until it ran off using a hand sprayer with
a capacity of 5 L/tree.

Yield Measurements

Fruit yield was determined at harvest, which took place on May 27th when fruits
reached a yellowish-green color and a TSS content of 11%. Yield was recorded as the total
weight of fruit harvested per tree (kg/tree), and total yield was calculated and expressed as
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tons per feddan. The percentage increase in yield for each treatment was calculated using
the following Eq. 1:

Yield increase (%) = [(Yield treatment - Yield control) / Yield control] x 100 (1)

Fruit Physical Characteristics

At harvest, a random sample of 20 fruits was collected from each replicate (a total
of 80 fruits per treatment) and transported to the laboratory of the Department of
Horticulture, Faculty of Agriculture, Al-Azhar University, Cairo, for physical and chemical
analyses. The following physical characteristics were measured:

. Fruit weight (g): Measured using an electronic balance.

. Fruit volume (cm?): Determined by water displacement.

. Fruit length and height (cm): Measured using a digital caliper.

. Fruit diameter (cm): Measured using a digital caliper.

. Pulp weight (g): Measured after separating the pulp from the seed.
. Seed weight (g): Measured after drying the seeds.

Fruit Chemical Characteristics
The following chemical characteristics of the fruit samples were determined.

Titratable acidity
Titratable acidity (%) was measured in 10 mL of fruit juice by titration with 0.1 N
NaOH until the endpoint was reached, using phenolphthalein as an indicator. The acidity

was expressed as a percentage of citric acid using the formula,
VXNX0.064X100

- @)

where Vis the volume of NaOH used (mL), N is the normality of NaOH, and W is the
weight of fruit juice sample (g) the method described in A.O.A.C. (2000).

TA \ (% citric acid\) =

Total soluble solids
The TSS (%) was measured in 10 mL of fruit juice filtrate using a digital
refractometer at room temperature, according to the method described in A.O.A.C. (2000).

Ascorbic acid (vitamin C)

Ascorbic acid content was determined in fruit juice (mg/100 mL) by direct titration
with 2,6-dichlorophenolindophenol. The results were expressed as mg ascorbic acid per
100 g of fresh fruit using the following formula,

Ascorbic acid \(mg/100 g\) = L:/NOO -

where V' is the volume of 2,6-dichlorophenolindophenol solution used (mL), C is the
concentration of DCPIP (mg/mL), W is the weight of fruit sample (g), according to the
method described in A.O.A.C. (2000).

Statistical Analysis
The data collected for all parameters were subjected to statistical analysis using
analysis of variance (ANOVA). Mean comparisons were performed using the Least
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Significant Difference (L.S.D.) test at a significant level of P < 0.05. Statistical analyses
were conducted using the Co-STAT software (version 4) according to (Stern 2023).

RESULTS AND DISCUSSION

Effect of Pre-Harvest Treatments on Apricot Tree Yield

The results of this study clearly demonstrated that pre-harvest foliar applications of
GAs, SA, Ca(OAc)2, and CaCl: significantly enhanced fruit yield per tree of the 'El-Amal’
apricot cultivar compared to the untreated control. This finding underscores the potential
of these treatments to improve apricot productivity. Particularly, a trend of increasing yield
with higher concentrations of the applied substances was observed. The most effective
treatment for enhancing yield was CaClz at 4%, followed by 2% and 1% levels, and GA3
at 100 ppm. In contrast, the control trees consistently exhibited the lowest yield across both
seasons. These results align with recent studies demonstrating the positive effects of GAs
on yield in various stone fruit crops. Gonzélez-Villagra ef al. (2024) reported a 9% increase
in fruit yield following SA application in Prunus avium L. Similarly, Attia et al. (2022)
observed enhanced fruit weight and size in apricots treated with SA and Ca(OAc)..
Mazumder ef al. (2021) found that preharvest foliar application of CaCl. increased fruit
weight and yield. Similarly, Shahid ef al. (2020) found that foliar application of calcium
chloride significantly improved peach fruit quality and yield. The most favorable results
were generally observed with a 2% solution applied at the pit hardening stage. The primary
effects of our calcium treatments are a direct consequence of the physiological and
biochemical activities expected of a divalent alkaline earth metal ion. The Ca?" ion acts
both structurally, by cross-linking cell wall components, and functionally, as a central node
in cellular signaling networks. The formation of insoluble calcium salts is a competing
process that can limit bioavailability, and thus the efficacy of a treatment is dependent on
the applied form and its ability to deliver soluble Ca2* to key cellular sites Xu et al. (2022).

The increase in yield due to GAs treatment can be attributed to its role in stimulating
cell division and enlargement, resulting in an enhancement of fruit weight. Furthermore,
GAs can create a strong sink effect. This is a physiological consequence of GAs-induced
growth, driven by hormonal signaling that alters gene expression and metabolic activity,
rather than a property deducible from its atomic composition in fruit cells, attracting water
and nutrients and further contributing to yield improvement Gupta ef al. (2022).
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Fig. 1. Effect of Calcium, GAs, and SA pre-harvest spray on fruit yield kg/tree and yield increasing
(%) of EI-Amal apricot cultivar during seasons 2021 and 2022. T1: Control, T2: SA 250 ppm, T3:
SA 500 ppm, T4: SA 750 ppm, T5: Ca(OAc)2 1%, T6: Ca(OAc)2 2% , T7: Ca(OAc)2 4%, T8:
CaCl2 1%, T9: CaCl2 2%, T10: CaCl2 4%, T11: GAs 25 ppm, T12: GA3 50 ppm, and T13: GA3
100 ppm. Different letters depict statistically significant changes (p < 0.05, LSD test) and error
bars depict standard error.

Fruit Weight and Fruit Volume

The results illustrated in Fig. 2 (a and b) demonstrate that various pre-harvest
applications significantly influenced both the weight and volume of the fruits, as also
reflected in Fig. 1 (a and b). Among the treatments, gibberellic acid (GAs) at 100 ppm
yielded the heaviest fruits, followed in effectiveness by salicylic acid (SA) at 750 ppm and
calcium acetate [Ca(OAc):] at a 4% concentration. All treatment groups, except for the
untreated control, exhibited notable enhancements in fruit weight, with the control
producing the lightest fruits. In a similar trend, fruit volume was markedly increased by
both GAs at 100 ppm and [Ca(OAc):] at 4%, while the control again recorded the lowest
values. The observed improvements in fruit weight and volume following GAs application
are consistent with the findings of recent studies. Elmenofy ef al. (2021) reported that GAs
treatments led to increased fruit size and weight in apricot trees. The growth-promoting
effect of GAs is likely due to its stimulation of cell elongation and expansion, as well as its
role in enhancing cell wall elasticity and promoting starch breakdown into sugars, leading
to decreased cellular water potential. The beneficial effect of SA observed in this study
corresponds with findings by Gonzalez-Villagra et al. (2023), who reported improved fruit
weight and quality in apricot following SA application. This enhancement may be
attributed to SA’s role in boosting physiological productivity, particularly through the
stimulation of photosynthetic pigments and activity. Likewise, the improvement in fruit
weight associated with calcium treatment is well-supported by prior studies. Research by
Wu et al. (2025) indicated that calcium chloride treatments led to greater fruit weight in
plums. Furthermore, Correia et al. (2020) found that foliar applications of GAs, SA, and
calcium compounds collectively improved physiological responses and yield in sweet
cherry trees. These results suggest that the application of GAs, SA, and calcium compounds
can effectively enhance apricot fruit yield and quality. The combined use of these
treatments may offer synergistic benefits, leading to improved fruit size, weight, and
overall quality characteristics. Research by Wood et al. (2024) indicated that calcium
chloride treatments led to greater fruit weight in apples.
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Fruit Length and Fruit Diameter

Results in Figs. 2¢ and 2d showed that foliar treatments of GAs3, particularly at 100
and 50 ppm, significantly increased fruit length and diameter. Ca(OAc)2 at 4% and CaClz
at 1% also showed positive effects on these parameters. However, no significant
differences were observed between other treatments, and the control group exhibited the
lowest values for both fruit length and diameter. The primary hormonal effect of GAs is
the promotion of growth. This is achieved through a well-defined signaling pathway where
GA:; binds to its GID1 receptor, leading to the degradation of DELLA repressor proteins.
The removal of DELLASs unleashes the transcription of genes encoding cell wall-loosening
enzymes including expansions and xyloglucan endotransglucosylase/hydrolases. This
process increases cell wall extensibility, facilitating water uptake and cell elongation,
which directly explains the observed increase in fruit dimensions (Gupta et al. 2022).
Furthermore, GAs can promote cell division in the pericarp during early fruit development,
contributing to a larger final fruit size. The significant increase in fruit size (both in length
and diameter) following Gibberellic acid (GAs) treatments aligns with established
physiological mechanisms and is strongly supported by recent research on various stone
fruits. This growth promotion is primarily attributed to GAs’s fundamental role in
stimulating cell elongation and expansion. Richard (2006) explained that GAs promotes
growth by increasing cell wall plasticity and facilitating the conversion of starch into
sugars, which osmotically enhances water uptake and drives cell elongation. A study on
the ‘September Sun’ peach cultivar demonstrated that foliar applications of GAs increased
fruit diameter, weight and improved marketable yield (Silva ef al. 2021). Similarly, a study
on Japanese plums found that GAs application was crucial for achieving optimal fruit size
and quality by directly influencing the cell division and expansion phases post-pollination,
thus increasing mesocarp cell volume (Reyes et al. 2022). Furthermore, the efficacy of GAs
is influenced by application timing, as evidenced in sweet cherries, where specific
phenological stages are more responsive to treatment, maximizing cell division and
ultimately final fruit size (Zhang et al. 2023).

Fruit Firmness

Results in (Fig. 3a) showed that GA3 treatments at 100, 50, and 25 ppm led to
marked improvements in fruit firmness, surpassing the effects of all other applications.
CaClz at 2% and SA at 250 ppm also resulted in higher firmness. In contrast, SA at 750
and 500 ppm led to lower fruit firmness. The observed increase in fruit firmness following
Gibberellic acid (GAs) application is a well-documented phenomenon, consistent with
foundational studies on plums and strongly supported by recent research. While early work
by Hassan ef al. (2010) established this effect, contemporary findings by Khan et al. (2024)
confirm that GAs application positively regulates fruit firmness in peaches. The
physiological mechanism underpinning this effect is attributed to GAs's role in modulating
cell wall-degrading enzymes. Specifically, GAs is understood to suppress the activity of
polygalacturonase and pectin methylesterase, which are key enzymes responsible for the
breakdown of pectin and the subsequent softening of the fruit cell wall, a concept initially
suggested by Webster ef al. (2006). This enzymatic inhibition helps maintain structural
integrity during fruit development and postharvest life.
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Fig. 2. Effect of Calcium, GAs, and SA pre-harvest spray on fruit physical properties of EI-Amal
apricot cultivar during seasons 2021 and 2022. T1: Control, T2: SA 250 ppm, T3: SA 500 ppm,
T4: SA 750 ppm, T5: Ca(OAc)2 1%, T6: Ca(OAc)2 2% , T7: Ca(OAc)2 4%, T8: CaClz 1%, T9:
CaClz 2%, T10: CaClz2 4%, T11: GAs 25 ppm, T12: GAs 50 ppm and T13: GAs 100 ppm. Bars
indicate mean values + SE (n = 9). Different letters depict statistically significant changes (p <
0.05, LSD test) and error bars depict standard error.

The positive impact of calcium treatments on fruit firmness remains a cornerstone
of postharvest science. The foundational work of Samara et al. (2008), demonstrating that
CaCl: treatment maintained maximum firmness in peaches, has been corroborated by
recent findings on plum. Wu et al. (2025) reported that pre-harvest calcium chloride sprays
significantly reduced softening and improved the storage quality of ‘Fengtangli’ plum by
reinforcing the cell wall matrix. The efficacy of calcium stems from its role in forming
calcium pectate cross-bridges within the middle lamella. This enhances cell-to-cell
adhesion and acts as a structural barrier against the enzymatic degradation that leads to
fruit softening. The hormonal action of GAs directly interferes with the ripening program.
Ripening is coordinated by a shift in hormone balance, particularly a rise in ethylene and a
decline in auxins and gibberellins. By applying GAs, a “youthful” hormonal status was
exogenously maintained. This inhibits the expression and activity of key cell wall-
degrading enzymes such as polygalacturonase and pectin methylesterase, thus preserving
pectin structure and maintaining firmness (Milovi¢ et al. 2022). This delay in the ripening
cascade also explains the observed modulation in TSS and acidity, as the metabolic
conversion of starch to sugars and the respiration of organic acids are postponed.
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Seed Weight

The data presented in Fig. 3b indicates that fruits treated with Ca(OAc): exhibited
significantly greater seed weight compared to those treated with salicylic acid (SA) at 250
ppm and gibberellic acid (GAs) at 25 ppm. No statistically significant difference in seed
weight was observed between the Ca(OAc): treatment and the untreated control group. The
superior seed weight associated with calcium acetate treatment can be attributed to
calcium’s role in cell division and membrane stability. Calcium is a crucial secondary
messenger involved in numerous signal transduction pathways that govern plant growth
and development (He et al. 2023). During seed development, adequate calcium is essential
for mitotic activity and the formation of new cells in the developing embryo and endosperm
(Konrad ef al. 2021). By providing a readily available calcium source, the Ca(OAc):
treatment likely supported sustained cellular proliferation and structural integrity within
the seed, leading to greater final mass. In contrast, the primary modes of action for SA and
GA; are less directly tied to seed mass accumulation. Salicylic acid is predominantly
involved in stress response and defense signaling, which may divert energy resources away
from reproductive growth (Rai ef al. 2022). While gibberellic acid is critical for fruit set
and cell expansion within the mesocarp, its impact on seed development can be variable
and species-specific; in some cases, it may even promote parthenocarpic fruit development
where seeds are absent or underdeveloped (Gomez et al. 2023). The lack of a significant
difference between the calcium treatment and the control suggests that the inherent calcium
levels in the control plants were sufficient to meet the basic requirements for seed
development but were not optimal. The Ca(OAc): application provided a supplemental
boost, while the SA and GAs treatments, at the concentrations applied, did not enhance this
particular trait and may have indirectly limited the resource allocation to seed fill.
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Fig. 3. Effect of Calcium, GA3, and SA pre-harvest spray on fruit firmness and seed weight
properties of EI-Amal apricot cultivar during seasons 2021 and 2022. T1: Control, T2: SA 250
ppm, T3: SA 500 ppm, T4: SA 750 ppm, T5: Ca(OAc)2 1%, T6: Ca(OAc)2 2% , T7: Ca(OAc):
4%, T8: CaClz 1%, T9: CaClz 2%, T10: CaClz2 4%, T11: GAs 25 ppm, T12: GA3 50 ppm and
T13: GAs 100 ppm. Different letters depict statistically significant changes (p < 0.05, LSD test)
and error bars depict standard error.
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Effect of Pre-harvest Treatments on Apricot Fruit Chemical Properties
Total Soluble Solids

As shown in Fig. 4a, the foliar application of the control and SA at 750 ppm led to
higher TSS levels compared to the other treatments. In contrast, no statistically significant
differences were observed among the remaining treatments. The lowest TSS values were
recorded with SA at 250 ppm, followed by Ca(OAc): at 2%. The present findings align
with the established phenomenon that GAs can delay ripening, as documented by Elshazly
et al. (2013) in peaches, where GAs treatments resulted in a decline in TSS. This reduction
is likely attributable to a GAs-induced postponement of the ripening process, which delays
the comprehensive hydrolysis of starch and other polysaccharides into simple sugars that
constitute TSS (Khan et al. 2024). In contrast, the potential of organic acids to enhance
TSS, as observed by El Badawy (2013) for ascorbic and citric acids, finds support in recent
research. Foliar applications of such compounds are understood to enhance photosynthetic
efficiency and chlorophyll stability, thereby increasing the total photoassimilate pool
available for translocation and accumulation in the fruit as sugars (Zahid et al. 2023).

The interaction between ripening delay and TSS accumulation is further clarified
by considering the role of calcium. The fluctuations in TSS following applications of GAs
and calcium salts, as historically reported by Kirmani et al. (2013), can be explained by
calcium's function in preserving membrane and cell wall integrity. As demonstrated in
plums, calcium treatments significantly reduce water loss and slow down the degradation
of cell wall components (Wu et al. 2025).

Titratable Acidity

The data revealed that the untreated control group exhibited the lowest level of fruit
titratable acidity (%), whereas the highest acidity was observed in fruits treated with SA at
a concentration of 250 ppm (Fig. 4b). No statistically significant differences were detected
among the other treatment groups. This finding is consistent with the long-established
principle that calcium treatments can mitigate this decline, a phenomenon initially
documented by Drake and Spayd (1983) in apple, where CaCl. application led to increased
titratable acidity. Calcium plays a dual role in preserving acidity by forming complexes
with pectin in the middle lamella. Calcium enhances cellular structure integrity, reduces
membrane permeability, and thereby limits the inter-mixing of substrates and enzymes
necessary for acid degradation (Mazumder et al. 2021). Moreover, calcium ions are known
co-factors for key enzymes involved in the regulation of respiration, and their sufficiency
can help maintain a slower, more stable metabolic rate, thus delaying the consumption of
organic acids (Wu et al. 2025). Consequently, the application of calcium salts effectively
slows the postharvest senescence process, directly contributing to the retention of organic
acids and a higher measurable titratable acidity, which is a critical component of fruit flavor
and sensory quality.
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Fig. 4. Effect of calcium, GAs, and SA pre-harvest spray on TSS%, total acidity% and TSS/acid
ratio of EI-Amal apricot cultivar during seasons 2021 and 2022. T1: Control, T2: SA 250 ppm,
T3: SA 500 ppm, T4: SA 750 ppm, T5: Ca(OAc)2 1%, T6: Ca(OAc)2 2% , T7: Ca(OAc)2 4%,
T8: CaClz2 1%, T9: CaCl2 2%, T10: CaClz2 4%, T11: GAs 25 ppm, T12: GAs 50 ppm and T13:
GAs 100 ppm. Different letters depict statistically significant changes (p < 0.05, LSD test) and
error bars depict standard error.
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According to the results, the highest total soluble solids to acidity (TSS/acidity)
ratio was recorded in fruits treated with GAs at 25 ppm, indicating a more advanced
ripening stage or enhanced sugar accumulation. In contrast, the lowest ratio was found in
the untreated control and the SA treatment at 250 ppm (Fig. 4c). The differences among
the remaining treatments were not statistically significant.

The hormonal effect of GAs on fruit biochemistry is largely indirect, stemming
from its role as a ripening retardant. The slower metabolic rate in GAs-treated fruits results
in a delayed accumulation of soluble solids and a slower degradation of titratable acids.
This is consistent with the role of GAs in maintaining a pre-climacteric physiological state,
thereby extending the period of acid retention and slowing sugar concentration (Elshazly
et al. 2013; Khan et al. 2024).
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CONCLUSIONS

1. The findings of this study demonstrated that pre-harvest foliar applications of calcium
(as CaCl2 and Ca(OAc)2), gibberellic acid (GA3), and salicylic acid (SA) can
effectively improve fruit yield and fruit quality of the El-Amal apricot cultivar.

2. GAj3 at 100 ppm, CaClz at 2%, and Ca(OAc): at 4% were the most effective treatments
for increasing yield and enhancing fruit quality.

3. The results provide valuable insights for optimizing apricot production practices and
enhancing the marketability of 'El-Amal' apricots. Specifically, the foliar application
of gibberellic acid (GAs) at 50 ppm is recommended to significantly increase fruit size
and firmness, key drivers of consumer preference and market value. Furthermore, the
application of calcium acetate (Ca(OAc).) offers a dual benefit: it further enhances fruit
firmness for improved postharvest handling. By defining the optimal concentrations
and expected outcomes for these phytoregulators, this study provides a clear, science-
based protocol for growers to improve both the yield and quality of ‘El-Amal’ apricots,
thereby increasing profitability.
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