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Temporal Effect of Calcium Foliar Application on Fruit Quality and
Postharvest Physiological Disorders During Storage

Nasra Begum®* and Abdul Mateen Khattak

Department of Horticulture, Faculty of Crop Production Sciences, The University of Agriculture Peshawar, Khyber Pakhtunkhwa,
Pakistan.

Abstract | Field and laboratory experiments on the impact of foliar calcium application on fruit quality and
the incidence of postharvest physiological disorders were conducted at Swat regions of Kalam and Matta
and Postharvest Laboratory of Horticulture, University of Agriculture, Khyber Pakhtunkhwa, Pakistan.
During the 1* phase, apple plants were applied with calcium chloride (1%) at time intervals of O (Berry size
fruit of 9mm), 30 (1% spray), 60 (2" spray), 90 (3 spray), 120 (4* spray) and 150 (5* spray) days during
the fruit growing season (RCB design replicated three times). During the 2™ phase, the harvested fruits
were brought to the postharvest laboratory of horticulture to determine the influence of calcium chloride
application biochemical attributes of apple using CRD repeated three times. The results showed that the time
of calcium spray significantly affected all the studied parameters. Regarding the means for foliar application
of calcium, the highest total soluble solids (9.19 °brix), Reducing sugars (7.77%), ascorbic acid content (2.72
mg 100g™), calcium content (0.19%), specific gravity (0.906), fruit juice pH (4.83), fruit firmness (7.45 kg
cm™) with minimum bitter pit incidence (4.69%), internal breakdown (3.12%) was obtained when calcium
was applied after 150 days as a foliar spray. However, highest non reducing sugars (3.60%) and acidity (2.11%)
was recorded when calcium as foliar spray was applied at 60 and 120 days respectively. Regarding means
for storage durations, the total soluble solids (13.59 °brix), acidity (1.43%), Reducing sugars (5.53%), non-
reducing sugars (2.97%),_ascorbic acid content (2.17 mg 100g™), fruit firmness (6.40 kg cm™), bitter pit
incidence (2.0%), internal breakdown (3.4%) fruit taste (6.30) and fruit aroma (4.56) was significantly retained
for 90 days during storage. However, calcium content (0.19%), specific gravity (0.791), fruit juice pH (5.05)
and weight loss (2.08%) was significantly retained up to 120 days of storage at storeroom. Fruit color (10.0)
and aroma (9.5) was retained for 75 days while fruit taste (8.0) up to 105 days of storage at storeroom. Based
on the results it is concluded that foliar application of calcium up to five months prior to harvest can improve
the shelf life of apple fruits stored for longer time.

Received | July 26,2024; Accepted | March 07, 2025; Published | May 26, 2025

*Correspondence | Nasra Begum, Department of Horticulture, Faculty of Crop Production Sciences, The University of Agriculture Peshawar,
Khyber Pakhtunkhwa, Pakistan; Email: nasrasaniff@gmail.com

Citation | Begum, N. and A.M. Khattak. 2025. Temporal effect of calcium foliar application on fruit quality and postharvest physiological
disorders during storage. Sarbad Journal of Agriculture, 41(2): 780-795.

DOI | https://dx.doi.org/10.17582/journal.sja/2025/41.2.780.795

Keywords | Foliar application, Calcium chloride, Apple, Organoleptic attributes, Biochemical parameters

[@uom

Copyright: 2025 by the authors. Licensee ResearchersLinks Ltd, England, UK.
This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://
creativecommons.org/licenses/by/4.0/).

June 2025 | Volume 41 | Issue 2 | Page 780 PRar: Links

“*@Researchers


https://dx.doi.org/10.17582/journal.sja/2025/41.2.780.795
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
crossmark.crossref.org/dialog/?doi=10.17582/journal.sja/2025/41.2.780.795&domain=pdf&date_stamp=2008-08-14

OPEN aACCESS

Sarhad Journal of Agriculture

Introduction

Postharvest losses occur in most horticultural
products going through various stages, including
harvesting, handling, storage, marketing, and
delivery to consumers (Baliyan and Kgathi, 2009).
Several factors led to postharvest deterioration of
horticultural products. These include lack of expertise
in harvesting crops at the appropriate stage,inadequate
pre-harvest cultural practices, inadequate hygiene
management, suboptimal production techniques,
excessive or improper fertilizer application, inefficient
transportation, unsuitable rootstock  selection,
Postharvest issues, poor pest and disease management,
failure to remove field heat, the use of substandard
packaging and grading materials, poor storage
and marketing strategies which further exaggerate
the problem (Kader, 2002). Due to its year-round
demand, apple fruit is commonly preserved in cold
storage. However, its perishability makes it susceptible
to both qualitative and quantitative postharvest
losses. Insufficient attention to the production and
postharvest management of apples contributes to
their decay and limited storage life (Khan ez a/.,2016).
Prolonged storage can lead to enzymatic browning,
which results in undesirable changes in color, flavor,
and nutritional quality. On average, postharvest losses
in apples amount to approximately 17% (Argenta
et al., 2021). Pre-harvest calcium spray is one of
the most important practices in horticultural crop
production systems which increase fruit firmness and
decrease the use of fungicide sprays with increasing
resistance to bitter pit and internal browning (Lester

and Grusak, 2004).

Calcium is an essential macronutrient that plays a vital
role in apple metabolic processes. Optimum calcium
levels contribute to lower physiological disorders
occurrence such as internal breakdown, bitter pit, and
water core, as less than 50 mg kg™ of calcium in their
fresh weight make it more susceptible to internal
breakdown and bitter pit development (Conway ez
al., 2002). Additionally, calcium delaying ripening,
and maintaining fruit tissue firmness. Despite the
abundance of calcium in orchard soils and its uptake
by apple trees, various physiological disorders occur
in fruits due to calcium deficiency. Consequently,
extensive research has been conducted to identify
strategies for minimizing postharvest losses during

storage (Uikey e# al., 2023).

Calcium, as a constituent of cell wall, plays a vital role
in forming cross-linked polymers that enhanced cell
wall strength and considered final layer of defense
before cell wall breakdown (Fry, 2004). Calcium
sprays during fruit growth ensures calcium availablit
which is needed for better growth and development
of fresh fruits. It also defends the cell wall from cell
wall-deteriorating enzymes to strengthens it (White
and Broadley, 2003). Similarly, in fig fruits, a 4%
foliar calcium spray has been shown to be effective
in extending the shelf life by maintaining texture and
preserving fruit color (Irfan ez al., 2013).

Considering the significance of apple fruits and the
role of calcium in improving and maintaining their
shelf life, this study was conducted to determine
the optimal timing for calcium spray application
to enhance fruit quality and storage performance.
Additionally, the experiment aimed to maximize the
apples shelf life during storage by identify the most

suitable storage duration.

Materials and Methods

Experimental plan

This experiment was conducted in two phases to
analyze the impact of calcium foliar application
on fruit quality and the incidence of postharvest
physiological disorders. The study was carried out at an
apple orchard in Swat and the Postharvest Laboratory,
Department of Horticulture, The University of
Agriculture Peshawar. In the first phase, calcium
chloride was applied to apple plants for 150 days of
highly susceptible apple cultivar (Golden Smoothee)
to bitterpit and internal breakdown (Begum and
Khattak, 2023) during the first growing season. The
experiment followed a Randomized Complete Block
Design (RCBD) with three replications. 1% calcium
chloride (foliar spray) were applied at 30-day intervals
during the fruit growth stage (starting from the 9 mm
fruit size until the physiological maturity stage). The
data were recorded at 30 days’ interval at the time of
each spray.

Three trees were assigned for each treatment, so a total
of 15 trees were used for the whole experiment during
the 1 phase. In the second stage, using Completely
Randomized Design (CRD) with three repetitions,
a total of 150 apple fruits (50 fruits from each tree)
were harvested for each storage duration, which were
brought to Postharvest Laboratory, Department
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of Horticulture to determine the effect of calcium
chloride application for 240 days stored at 5°C with
80-90% relative humidity and 15 days’interval during
storage. With 15 days of interval, various qualitative
teatures including acidity, ascorbic acid, total soluble
solids, calcium content, pH, firmness, reducing sugars,
non-reducing sugars, specific gravity, weight loss,
bitter pit incidence, internal browning, color, taste
and aroma in apple fruits were recorded.

Experimental details

Foliar spray: Calcium chloride application after 30
days interval: 0, 30 (1% spray), 60 (2™ spray), 90 (3™
spray), 120 (4™ spray) and 150 (4 spray) days.

Storage duration: 17 (0, 15, 30, 45, 60, 75, 90, 105,
120, 135, 150, 165, 180, 195, 210, 225 and 240 days)

Data were recorded on chemical and physical
attributes of apple fruits at 30- and 15-days interval,
respectively.

Chemical attributes

The total soluble solids (TSS wusing a hand
refractometer), total titratable acidity (T'TA) ascorbic
acid, reducing, and non-reducing sugars were
measured following the method described by AOAC
(1990) at room temperature. Calcium content was
recorded by atomic absorption spectrophotometry.
To determine the pH of the samples, Inolab Digital
pH meter was used. The extent of fruit firmness was
evaluated by penetrometer (fruit pressure tester) and
articulated in kg cm™.

Physical attributes
'The specific gravity of fruits was calculated using the
following formula:

Mass of the fruit
Volume of the fruit

Specific gravity =

The weight loss index was expressed as a percentage
and determined using the formula below for each
cultivar:

Initial weight — Final weight

Weightloss (%) = Initial weight » 100

'The observance of flesh cells folding below the peel
linked with dark depressions on the fruit surface led
to Bitter pit incidence in apple to record at that time
(Amarante ez al., 2013). The average of pitted fruits

and inner brown fruits were analyzed by finding
percentage for each treatment. The inflated fruits by
means of brown pits were counted, discarded and
washed.

Organoleptic attributes

'The panel of 20 judges of Horticulture Department
(expert in sensory evaluation) evaluated fruit samples
organoleptically using 9-point hedonic scale described
by Larmond (1977) based on aroma, color, and taste.
Upon samples presentation, each panelist recorded
their observations by assigning scores on a scale of
1 to 9, where 1 indicated “extremely disliked,” scores
from 2 to 5 represented varying levels of “liked,” and
scores from 6 to 9 denoted “extremely liked”.

Statistical analysis

The data were organized following a Randomized
Complete Block Design (RCBD) and analyzed using
analysis of variance (ANOVA) in the first stage.
While Completely Randomized Design (CRD) was
used for second phase data. Statistix 8.1 software was
utilized for statistical analysis (Statistix, 2003). Least
Significant Difference (LSD) test was applied to
compare the means when significant differences were
observed (Jan ez al., 2009).

Results and Discussion

Total soluble solids (“brix)

'The data regarding total soluble solids of apple fruits
as affected by storage duration after foliar application
of calcium chloride are presented in Figure 1. Total
soluble solids were significantly affected by calcium
foliar application and storage durations. The extent of
total soluble solids gradually increased from 5.55 *brix
recorded earlier than spray application to 9.19°brix
recorded for fruits after 150 days foliar spray. The
total soluble solids (6.96°brix) recorded with calcium
sprayed after 30 days, followed by 7.27°brix and
8.01°brix recorded with calcium sprayed after 60 and
90 foliar spray of calcium chloride, respectively. The
total soluble solids of 8.50°brix recorded for fruits
after 120 days foliar spray. Concerning the means
for storage duration, total soluble solids of 11.30°brix
were noted at the time of storing apple fruits in
storeroom, which gradually increased to 15.70°brix
during seven months storage period, while further
decrease 14.84°brix in total soluble solids was noted
for 240 days of storage. The highest total soluble
solids (15.70°brix) content was recorded in apple
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fruits at 210 days storage, followed by total soluble
solids (15.39°brix) content in apple fruits at 195 days
storage. The lowest total soluble (11.30°brix) was
recorded in fruits of control treatment.
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Figure 1: Total soluble solids, acidity and ascorbic acids of apple
fruits as affected by time of foliar application of calcium and storage

duration.

'The total soluble solid is a significant quality parameter
as well as narrates to soluble sugars in the juice content
(Ganai ez al., 2018). The moisture of fruits is an
important factor and the loss of weight and subsequent
softening greatly depends on moisture loss (Lee e al.,
2003). Total soluble solids were significantly affected
by calcium spray application. Total soluble solids in
apple fruits sprayed for 150 days resulted in 76%
increase and this increase was due to calcium spray
application. During ripening process, the breakdown
of complex polysaccharides into simpler sugars led to
increase in total soluble solids (Hussain ez a/., 2008).
Foliar application of calcium resulted in improvement
of postharvest life of fruits (Khalaj ez a/., 2017). The
combined application of calcium chloride and boric
acid was found to be helpful in increasing total soluble
solids compared to other nutrient spray applications
(Ganai et al., 2018). Storage duration also has a
significant influence on apple T'SS as 210 days stored
apples have shown the highest TSS. The present
results in line with previous studies that early season
calcium spray results in increased total soluble solids
during three to six months cold storage (Ghorbani ez
al., 2017). Moreover, Storage resulted in an increase

in total soluble solids from 12 to 14°brix (Rehman ez
al.,2017).

Total acidity (%)

The data concerning total acidity of apple fruits as
affected by storage duration after foliar application
of calcium chloride is shown in Figure 1. Significant
variation in total acidity was observed both in storage
and with foliar application of calcium. The total acidity
of 1.82% recorded with calcium foliar sprayed after
30 days, followed by 2.11% recorded with 2™ foliar
calcium spray. The total acidity of 1.92% and 1.83%
was recorded for fruits after 90- and 120-days foliar
spray. In relation to the means for storage period,
storage duration significantly affected total acidity in
apple fruits. The total acidity of 1.83% was noted at
the time of storing apple fruits in storeroom which
steadily decreased to 0.62% during eight months
storage period. A slow decrease in total acidity was
observed during the first three months of storage.
The highest total acidity 1.83% recorded in apple
fruits earlier than foliar spray application and the
lowest total acidity (0.62%) was seen in apple fruits
stored for 240 days. The results indicated that foliar
spray application of calcium chloride earlier than
pre-harvest stages and storage duration significantly
reduced the level of total acidity in stored apple fruits.

Total acidity in apple fruits was significantly affected
by calcium spray application and increased due to
preharvest calcium spray application at 60 days. Foliar
spray application of calcium chloride earlier than pre-
harvest stages significantly reduced the level of total
acidity in stored apple fruits. Total acidity decreased
from the maximum of 1.83% to the minimum of
0.62%. The decrease in total acidity depends on the
rate of respiration, which consumes organic acid and
thus decline acidity. Similar decline rate from 0.5% to
0.094 % has also been recorded in 15 days stored apples
(Rathore ez al.,2007). The decrease in total acidity may
be due to the consumption of organic acids during
growing period, because the organic acids are inspired
in respiration, which tend to decrease the acidity
with increasing storage duration (Riveria, 2005). The
present results are confirmed from previous results
that combined application of calcium and boron
increased fruit firmness, total soluble solids, while
decreased total acidity (Omaina and Karima, 2007,
Ganai ez al., 2018).

Ascorbic acid content (mg 100g™)
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The data regarding ascorbic acid content in apple
fruits as affected by storage duration after foliar
application of calcium chloride are presented in Figure
1. Foliar application of calcium and storage durations
significantly affected ascorbic acid of apple fruits.
'The amount of ascorbic acid content was increased
due to calcium spray application, while decrease in
ascorbic acid content was noted in apple fruits during
an eight-month storage period. The extent of ascorbic
acid content ranged from 0.95 to 2.72 mg 100 g™
during five months of calcium spray. The highest
ascorbic acid content (2.72 and 2.65 mg 100 g™) was
recorded after 150 and 120 days of calcium sprayed
on apple fruits and lowest ascorbic acid content
(0.95 mg 100 g?) was recorded in fruits of control
treatment. The amount of ascorbic acid content was
1.31 and 1.71 mg 100 g during the 30 and 60 spray
application. Regarding the means for storage period,
significant differences were observed for ascorbic acid
content in apple fruits stored for eight months. The
amount of ascorbic acid content ranged from 3.62 to
0.30 mg 100 g in storeroom. The highest ascorbic
acid content of 3.62 mg 100 g™ observed at 0-day
storage which steadily decreased during storage. The
lowest ascorbic acid content of 0.30 mg 100 g was
recorded in fruits stored for eight months. The stage
of ascorbic acid content in apple fruits was found
to be in adequate level up to three months storage
period but further decreased. The results pointed out
that calcium spray application increased ascorbic acid
content, but storage time decreased its amount in
stored apple fruits.

Foliar application of calcium chloride increased
the ascorbic acid content, while storage duration
decreased ascorbic acid content. Ascorbic acid is
usually considered as important characteristics to
judge the quality in apple fruit specially desired for
its antioxidant properties (Lata, 2007). Highest
ascorbic acid content (2.72 and 2.65 mg 100 g™?) was
recorded after 150 and 120 days of calcium sprayed
on apple fruits, respectively. Significant differences
were observed for ascorbic acid content in apple
fruits stored for eight months. Ascorbic acid content
in apple fruits found in adequate level up to three
months’ storage period but further decreased. Various
scientists also reported similar result and concluded
that during postharvest storage, the ascorbic acid levels
decreased significantly (Hayat e a/., 2003; Feszterova
et al., 2023), which is due to the antioxidant activity
(oxidative process) of ascorbic acid (Abeysuriya e al.,

2024).

Calcium content (%)

The data in Figure 2 reveal that calcium content
in apple fruits was significantly affected by foliar
application of calcium and storage duration. It is
evident from the data that calcium content in apple
fruits significantly increased due to various calcium
sprays. Calcium content in apple fruits ranged from
0.03% observed in control treatment to 0.19% in
fruits treated for 150 days of calcium spray, followed
by calcium content 0.16% treated with 4* spray (120
days). Concerning the means of calcium content for
storage period, considerable variations were observed
for calcium content in apple fruits stored for eight
months. The amount of calcium content in apple fruits
decreased ranged from 0.19 to 0.04% in storeroom. The
highest calcium content of 0.19% observed at 0-day
storage which gradually decreased during storage.
'The lowest calcium content of 0.04% was recorded in
fruits stored for eight months. The degree of calcium
content in apple fruits found in enough level up to
four months storage period but further decreased.
The results revealed that calcium spray application
increased the level of calcium content however storage
period decreased its amount in stored apple fruits.
Considerable variations were observed for calcium
content in apple fruits significantly increased due to
various calcium sprays. Calcium content increased
from the minimum of 0.03% to the maximum of
0.19% in fruits treated with 5% spray (150 days). Torres
et al.(2024) stated that there is relation among calcium
level, protein levels in the fruit and bitter pit incidence.
Beiparysa ez al. (2023) stated that pre-harvest calcium
treatments used to increase the calcium content of
the cell walls of fruit tissue after harvest and more
effective in delay senescence, resulting in firmness and
higher quality fruits. Koutinas ez a/. (2010) reported
that the calcium sprays were effective on increasing the
calcium content in the fruit and decreases with length
of storage of apple cv. Golden smoothee. Significant
differences were observed for calcium content in apple
fruits stored for eight months. The amount of calcium
content in apple fruits decreased during storage. The
highest calcium content (0.19%) observed at 0-day
storage, gradually decreased during storage. Baneh ez
al. (2003) also reported similar results and reported
that calcium chloride at the rate of 1% concentration
significantly affected fruit firmness and calcium
content.

Fruit juice pH
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'The data concerning pH in apple fruits as affected by
storage duration after foliar application of calcium
chloride are presented in Figure 2. The data reveal
that pH of apple fruits is significantly affected by
calcium foliar application and storage duration
indicating significant differences observed for pH
in apple fruits. Mean values indicated that pH in
apple fruits increased due to various calcium sprays.
The array of pH values in apple fruits ranged from
3.19 observed in control treatment to 4.83 in fruits
treated with 5% foliar spray (150 days), followed by
pH 3.21 treated with 4™ foliar spray (120 days). The
amount of pH was 3.63 with 2™ foliar spray (60 days),
afterward increased to 3.87 observed with 3% foliar
spray (90 days) of calcium. Concerning the means
of pH for storage period, considerable variations
were observed for pH in apple fruits stored for eight
months. The amount of pH in apple fruits increased
ranged from 3.17 to 7.01 in storeroom. The lowest
pH values of 3.17 observed at 0-day storage which
gradually increased during storage. The highest pH
of 7.01 was recorded in fruits stored for 240 days. The
level of pH in apple fruits found in deficit stage up
to three months storage period but further increased.
The results revealed that pre-harvest calcium spray
application of 150 days increased the level of pH in
apple fruits stored for 240 days.
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Figure 2: Fruit calcium content, fruit juice pH and fruit firmness
of apple fruits as affected by time of foliar application of calcium and

storage duration.

'The pH in apple fruits comparatively increased due to

various calcium sprays. The pH values increased from
the minimum of 3.19% to the maximum of 4.83%
in fruits treated with 5% spray (150 days). Calcium
lactate concentration on postharvest life of apple fruit
showed an increase in pH from 4.0 to 5.2% for three
months storage (Rehman ez al., 2017). Pre-harvest
calcium spray application of 150 days increased
the level of pH in apple fruits stored for 240 days.
Considerable variations were observed for pH in
apple fruits stored for eight months. The amount of
pH in apple fruits increased ranged from 3.17% to
7.01% during storage. The level of pH in apple fruits
was slight up to three months storage period but
further increased. pH and acidity are linked factors
and decrease in acidity leads to increase in pH,
when acidity decreases the acids, decline resulting in
decrease in acidity and increase in pH. Vatanparast
et al. (2012) observed an increase in pH of fruit juice
due to potassium sulfate (1.5%) application during
storage. The results of Rehman ez a/. (2017) are in
line with the present study who reported that calcium
lactate 2% concentration showed significant increase

in pH of stored apple fruits.

Fruit firmness (kg cm™)

The data regarding fruit firmness in apple fruits as
affected by storage duration after calcium spray
application are presented in Figure 2. The data
showed that firmness in apple fruits was significantly
affected by foliar application of calcium and storage
durations. It is clear from the data that firmness in
apple fruits rather increased due to various calcium
sprays. The highest firmness in apple fruits ranged
from 4.17 Kg cm™ observed in control treatment to
7.45 Kg cm™ in fruits treated with 5% foliar spray
(150 days), followed by fruit firmness 6.92 Kg cm™
treated with 4™ foliar spray (120 days). The extent of
fruit firmness was Kg cm™ with 2 foliar spray (60
days), afterward increased to 6.31 Kg cm™ observed
with 3" foliar spray (90 days) of calcium. In relation
to the means of fruit firmness for storage period,
significant differences were observed for inflexibility
in apple fruits stored for eight months. The degree
of firmness in apple fruits decreased during storage
ranged from 7.28 to 1.19 Kg cm™ in storehouse. The
highest fruit firmness 7.28 Kg cm™ observed at 0-day
storage which progressively decreased during storage.
The lowest fruit firmness Kg cm™ was recorded in
fruits stored for 225 days later than increased to Kg
cm? stored for further 15 days. The scope of firmness
in apple fruits was boundless up to three months
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storage period but further decreased. The observation
revealed that pre-harvest calcium spray application
of 150 days increased the level of firmness in stored

apple fruits for 225 days.

Fruit firmness is a decisive factor for edible quality
and market value of apples. The loss of fruit firmness
is a serious concern resulting in quality losses (Kov ez
al., 2005). Foliar calcium chloride spray resulted in
higher fruit firmness than other treatments (Ghorbani
et al. 2017). Significant differences were observed for
firmness apple fruits stored for eight months. The
degree of firmness in apple fruits decreased ranged
from 7.28 to 1.19 kg/cm? during storage. The highest
fruit firmness was recorded in control treatment
which progressively decreased during storage. The
degradation of the cell wall led to firmness reduction
which is primarily due to changes in the texture of
the flesh (Fuller, 2008). Calcium combines with
pectic acid, thus promoting cell adhesion, and helps
to maintain fruit firmness by strengthening the cell
wall structure and forming Ca pectate (Zhang er
al., 2019). Furthermore, fruit firmness improves
through the number of pectin network enhancements
under exogenous calcium application, leading to the
accumulation of homogalacturonans (Huang ez al.,
2023).'The present results are in line with Suljevi¢ and
Drkenda (2011) who reported significant variation in
biochemical attributes especially fruit firmness, TSS

and acidity of Idared and Granny Smith apples.

Reducing sugars (%)

The data concerning reducing sugars in apple
fruits as affected by storage duration after foliar
application of calcium chloride are shown in Figure
3.'The data reveal that reducing sugars in apple fruits
considerably aftected by foliar application of calcium
and storage duration. Reducing sugars in apple fruits
ranged from 4.84% observed in control treatment to
7.77% in fruits treated with 5* foliar spray (150 days),
followed by reducing sugars 6.56% treated with 4*
foliar spray (120 days). The amount of reducing sugars
was 5.44% with 2" foliar spray (60 days), afterward
increased to 5.93% observed with 3™ foliar spray (90
days) of calcium. Concerning the means of reducing
sugars for storage period, considerable variations were
observed for reducing sugars in apple fruits stored
for eight months. The amount of reducing sugars in
apple fruits increased ranged from 7.54 to 10.68%
in storeroom. The lowest reducing sugars 7.54%
observed at 0-day storage which gradually increased

during storage. The highest reducing sugars 10.68%
were recorded in fruits stored for 240 days. The level
of reducing sugars in apple fruits found in restricted
level up to four months storage period but auxiliary
increase was noted in further storage. The observation
revealed that pre-harvest calcium spray application
of 150 days increased the level of reducing sugars in

stored apple fruits for 240 days.
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Figure 3: Reducing sugars, non-reducing sugars and specific gravity
of apple fruits as affected by time of foliar application of calcium and

storage duration.

Reducing sugars in apple fruits considerably affected
by foliar spray application representing significant
differences observed for reducing sugars in apple
fruits. Sindha ez a/. (2018) stated that the applications
of chemicals increased reducing sugars in custard
apple fruits. The application of calcium was found to
be very helpful in enhancing the shelf life of apple
fruits (Hayat ez a/., 2003). Considerable variations
were observed for reducing sugars in apple fruits
stored for eight months. The amount of reducing
sugars in apple fruits increased ranged from 7.54 to
10.68% during storage. Pre-harvest calcium spray
application of 150 days increased the level of reducing
sugars in apple fruits stored for 240 days. The storage
temperature and acids are major factors during storage
to enhance reducing sugar by converting sucrose into
reducing sugars such as glucose and fructose. The
present results are in line with previous which clearly
concluded that foliar application of calcium improved

fruit quality and shelf life of apple (Chandel ez al.,
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2019). Moreover, Haleema ez al. (2018) also reported
similar results in tomato fruits.

Non-reducing sugars (%)

'The data pertaining to non-reducing sugars in apple
fruits as influenced by storage duration after foliar
application of calcium chloride are presented in Figure
3. Storage durations and foliar application of calcium
significantly affected non reducing sugars of apple.
'The level of non-reducing sugars in apple fruits ranged
from 1.91% observed in control treatment to 3.60% in
fruits treated with 4 foliar spray (120 days), followed
by non-reducing sugars 3.51% treated with 5% foliar
spray (150 days). The amount of non-reducing sugars
was 2.52% with 2™ foliar spray (60 days), subsequently
increased to 3.38% observed with 3 foliar spray
(90 days) of calcium. Concerning the means of
non-reducing sugars for storage period, significant
differences were observed for non-reducing sugars in
apple fruits stored for eight months. The amount of
non-reducing sugars in apple fruits decreased ranged
from 3.63 to 0.95% in storehouse. The highest non-
reducing sugars 3.63% observed at 0-day storage which
gradually decreased during storage. The lowest non-
reducing sugars 0.95% were recorded in fruits stored
tor 240 days. The ideal level of non-reducing sugars
in apple fruits was noted up to a three-month storage
period but further decrease was noted in additional
storage. The data showed that pre-harvest calcium
spray application of 120 days increased the level of
non-reducing sugars, while storage period up to 240
days decreased the extent of non-reducing sugars.

Calcium spray applications influence non-reducing
sugars in apple fruits. Non-reducing sugars in apple
fruits moderately increased because of various calcium
sprays. The level of non-reducing sugars in apple fruits
ranged from 1.91% observed in control treatment to
3.60% in fruits treated with 4 foliar spray. The amount
of non-reducing sugars was ideal up to three months
but further decreased. Sindha ez a/. (2018) stated that
the applications of chemicals increased non-reducing
sugars in custard apple fruits. The application of
calcium chloride was found to be very helpful in
enhancing the shelf life of apple fruits (Hayat ez af.,
2003). Significant differences were observed for non-
reducing sugars in apple fruits stored for eight months.
'The amount of non-reducing sugars in apple fruits
decreased ranged from 3.63 to 0.95% during storage.
'The highest non-reducing sugars 3.63% observed at
0-day storage which gradually decreased. The ultimate

level of non-reducing sugars in apple fruits was
noted up to three months storage period but further
decrease. Pre-harvest calcium spray application of 120
days increased the level of non-reducing sugars, while
storage period decreased its amount. The results are
in close conformity with Haleema ez a/. (2024) who
reported significant enhancement in yield and quality
of tomato by combine application of calcium, boron
and zinc.

Specific gravity (w/v)

The data regarding specific gravity in apple fruits
as affected by storage duration after calcium spray
application are presented in Figure 3. The results
indicated that specific gravity of apple fruits was
significantly influenced by calcium as a foliar spray
and storage durations. The extent of specific gravity in
apple fruits ranged from 0.88 w/v observed in control
treatment to 0.69 w/v in fruits treated with 5* foliar
spray (150 days), followed by specific gravity 0.75 w/v
treated with 4® foliar spray (120 days). The level of
specific gravity was 0.83w/v due to 2™ foliar spray (60
days) and then decreased to 0.80 w/v observed with
3 foliar spray (90 days) of calcium. Concerning the
means of specific gravity for storage period, significant
differences were observed for specific gravity in apple
fruits stored for eight months. The level of specific
gravity in apple fruits decreased during storage ranged
from 0.96 to 0.27w/v in storehouse. The highest
specific gravity 0.96 w/v observed at 0-day storage
which gradually decreased during storage. The lowest
specific gravity 0.27 w/v was recorded in fruits stored
tor 240 days. The extent of specific gravity in apple
fruits was unlimited up to five months storage period
but further decreased. The results indicated that
pre-harvest calcium spray application of 150 days
decreased the level of specific gravity in stored apple
fruits for 240 days.

Specific gravity in apple fruits influenced by foliar
spray application representing considerable divergence
observed for specific gravity in apple fruits. Specific
gravity of apple fruits slightly decreased due to various
calcium sprays. Specific gravity in apple fruits ranged
from 0.88 w/v observed in control treatment to 0.69
w/v in fruits treated with 5% foliar spray. Ghafir ez
al. (2009) stated that calcium may well decrease the
growth of air spaces linked with ripening accountable
for the loss of specific gravity. Significant differences
were observed for specific gravity in apple fruits stored

tor eight months. The level of specific gravity in apple
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fruits decreased during eight months storage. The
highest specific gravity 0.96w/v observed at 0-day
storage which gradually decreased during storage.
Prior to harvest, calcium spray applied at 150 days
decreased the level of specific gravity in stored apple
fruits for eight months. The specific gravity is high in
fresh fruits and declines during storage due to fall of
intercellular spaces with loss of moisture (Ozturk and
Polat, 2016). Various research has shown significant
effect of calcium on the specific gravity of apple fruits
(Jan ez al. 2013) and date palm (Sarrwy ez al., 2012).

Weight loss (%)

The data concerning weight loss in apple fruits as
affected by storage duration is shown in Figure 4.
Mean values of the data reveal that weight loss in
apple fruits is significantly influenced by storage
duration. Significant differences were observed for
weight loss in apple fruits stored for eight months.
Weight loss in apple fruits increased ranged from
0 to 6.69% in storeroom. The fruits stored for 240
days resulted in significant weight loss of apple fruits.
The maximum weight loss (6.69%) observed after
240 days storage, followed by weight loss of 6.01%
in apple fruits stored for 225 days. Weight loss
significantly increased with the increase in storage
time. The slight increase in weight loss observed up
to three months storage which considerably increased
because of ongoing storage time up to eight months.
The results revealed that storage period after three
months (90 days) increased the stage of weight loss in
stored apple fruits up to 240 days.

Weight loss depends on water present in the fruit,
the shape and thickness of the skin and nature of
waxes on fruit surface (Veravrbeke ez al, 2003).
Significant differences were observed for weight loss
in apple fruits stored for eight months. Weight loss
in apple fruits increased ranged from 0 to 6.69% in
storehouse. The fruits stored for 240 days resulted in
significant weight loss (6.69%) of apple fruits. Weight
loss considerably decreases with increase in calcium
spray application. Hayat ez a/. (2003) stated that
increased calcium concentration decreases weight
loss in apple fruits. Apple fruits sprayed with calcium
concentrations at ripen stage reduce weight loss. Post-
harvest calcium treatments inhibited fruit softening
and decreased weight losses (Shirzadeh ez a/., 2011).
Foliar application of calcium significantly affected
weight loss during storage (Baneh ez a/., 2003). Foliar

spray application of calcium chloride resulted best

fruit quality and decreased weight loss (Omaina and
Karima, 2007). Weight loss significantly increased
with the increase in storage time. The slight increase
in weight loss observed up to three months storage
which considerably increased because of ongoing
storage time up to eight months. Lower respiration
rate and water content during storage led to weight
loss in apple fruits (Ghafir ez a/l., 2009). Hayat ez al.
(2003) and Jan ez al. (2013) also observed similar
results in decreased weight loss from apple fruits with
calcium treatment.
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Figure 4: Bitterpit incidence, internal breakdown and weight loss
of apple fruits as affected by time of foliar application of calcium and

storage duration.

Bitter pit incidence (%)

Bitter pit incidence of apple fruits was significantly
influenced by foliar application of calcium and storage
durations (Figure 4). It is clear from the data that
bitter pit incidence in apple fruits slightly decreased
due to time of calcium as a foliar spray. Bitter pit
incidence in apple fruits ranged from 9.09% observed
in control treatment to 4.69% in fruits treated with 5*
foliar spray (150 days), followed by bitter pit incidence
6.32% treated with 4™ foliar spray (120 days). The
level of bitter pit incidence was 7.98% due to 2™ foliar
spray (60 days) and then decreased to 6.77% observed
with 3% foliar spray (90 days) of calcium. Concerning
the means of bitter pit incidence for storage period,
significant differences were observed for bitter pit
incidence in apple fruits stored for eight months. The
incidence of bitter pit on apple fruits increased during

June 2025 | Volume 41 | Issue 2 | Page 788

O 0
Ools Links
“*@Researchers



OPEN aACCESS

Sarhad Journal of Agriculture

storage ranged from O to 8.68% in storehouse. The
lowest bitter pit incidence 1% observed at 30- and
45-days storage which gradually increased during
storage. The highest bitter pit incidence 8.68% was
recorded in fruits stored for 240 days. The incidence
of bitter pit was 8.53% in apple fruits stored for
225 days, followed by bitter pit (8.26%) incidence
in fruits stored for 210 days. The results indicated
that pre-harvest calcium spray application of 150
days decreased the level of bitter pit incidence, while
storage period up to 240 days increased the extent of
bitter pit incidence in stored apple fruits.

As a physiological disorder, bitter pit is described
by brown scratches in the skin of the fruit. The
incidence of bitter pit is possibly associated to
inherited characters, however develops at the onset
of ripening and at harvest (Crouch, 2003). Bitter
pit incidence in apple fruits is influenced by foliar
spray application. The incidence of bitter pit in apple
fruits was slightly decreased due to various calcium
sprays. Calcium helps in changing the metabolism in
apple fruit, as well as sufficient concentration keeps
fruit flesh firmness, delay fruit ripening and reduce
the incidence of bitter pit, water core and internal
breakdown (Frank ez al, 2007). The frequency of
bitter pit in apple fruits ranged from the maximum of
9.09% observed in control treatment to the minimum
of 4.69% in fruits treated with 5% foliar spray. The
application of calcium spray of 150 days decreased
the level of bitter pit before fruit harvesting. Calcium
is absorbed during fruit development and frequent
calcium application in low concentration throughout
the fruit growth stage to increase calcium levels
and decrease bitter pit incidence in apple (Lee ez
al., 2017). Significant differences were observed for
bitter pit incidence in apple fruits stored for eight
months. The occurrence of bitter pit on apple fruits
increased during storage ranged from 0 to 8.68%
in storehouse. Long-lasting storage causes quick
decay and maximum rotting resulting fruit spoilage
(Sempere and Santamarina, 2007). The main reasons
of the occurrence of superficial scald are the reactive
oxygen species, long storage and oxidative stress to the
fruits. The results of the present study are in line with
Dris and Niskanen (1999) who observed significant
reduction in physiological disorders especially bitter

pit of apple fruits.

Internal browning (%)
Calcium application as a foliar spray and storage

duration significantly influenced the internal
browning in apple fruits (Figure 4). Mean values of
the data confirmed internal browning in apple fruits
significantly decreased as a result of various calcium
sprays. Internal browning of apple fruits ranged from
8.74% observed in control treatment to 3.32% in
fruits treated with 5% foliar spray (150 days), followed
by internal browning 4.72% treated with 4® foliar
spray (120 days). The level of internal browning was
7.32% due to 2™ foliar spray (60 days) and then
decreased to 5.62% observed with 3™ foliar spray (90
days) of calcium. In relation to the means of internal
browning for storage period, significant differences
were observed for internal injuries in apple fruits
stored for eight months. The occurrence of internal
browning in apple fruits increased during storage
ranged from O to 8.70% in storehouse. The lowest
internal browning 0.50% observed at 15- and 30-days
storage which gradually increased during storage. The
highest internal browning 8.70% was recorded in
fruits stored for 240 days. Internal browning in apple
fruits was 8.50% stored for 225 days, followed by
inner bruising (8.08%) in fruits stored for 210 days.
The results indicated that pre-harvest calcium spray
application of 150 days decreased internal browning,
while storage period up to 240 days increased internal
browning in stored apple fruits.

The internal browning in apple fruits is a serious
problem in apple cultivation. The internal browning
in apple fruits influenced by foliar spray application
Calcium sprays and significantly decreased the
occurrence of internal browning. The occurrence
of internal browning ranged from the maximum of
8.74% observed in control treatment to the minimum
of 3.32% in fruits treated with 5* foliar spray. The
physiological disorders (such as internal breakdown,
bitter pit, and water core) associated with apples
are controlled under calcium treatment along with
firmness maintenance (Conway ez a/., 2002). Frank ez
al. (2007) stated that pre-harvest sprays of calcium
chloride are more effective than postharvest sprays
for the control of disease incidence in apple. Calcium
sprays are commonly used to control Ca-related
disorders such as bitter pit and internal browning in
apples (Lee ez al., 2017). Significant differences were
observed for internal browning in apple fruits stored
for eight months. The occurrence of internal browning
in apple fruits increased during storage ranged from
0 to 8.70% in storehouse. Internal browning in apple
fruits was 8.50% stored for 225 days. Continuous
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storage causes speedy decay and highest rot resulted
in fruit spoilage (Sempere and Santamarina, 2007).
Pre-harvest calcium sprays are eftective for extending
the shelf life of stored apple fruits. The eight ap-
plications of liquid calcium fertilizers significantly
reduced the occurrence of disease incidence during

storage (Lanauskas ez a/.,2012).
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Figure 5: Fruit color, taste and aroma score of apple fruits as affected
by time of foliar application of calcium and storage duration.

Fruit color

Significant differences for fruit color score of stored
apple fruits were observed with storage durations
(Figure 5). The color score of fruit was initially
increased from 8.22 to 10.00 during 75 days of storage
because of pre-harvest calcium spray application,
afterward steadily decrease had occurred during
eight months storage period. Least color score (4.73)
was noted in fruits stored for 240 days, followed by
color color of 5.20, 5.40 and 5.60 recorded in fruits

during 225, 210 and 195 days of storage. Maximum
fruit color grade (10.00) was recorded at 45, 60 and
75 days of storage. The estimated increase (21.65%)
for 75 days storage and then decrease (52.7%) in fruit
color grade up to eight months of storage happened
in apple fruits. The results indicated that color grade
of stored fruits was satisfactory up to four months of
storage afterward declining in color grade was started
up to eight months.

Colour is one of the top qualitative features for buyers
to get high prices, as it not only affects the flavor but
also gains customers’ attention. Significant differences
were observed in the color grade of stored apple fruits.
'The color grade of fruit was initially increased from
8.22 to 10.00 during 75 days of storage but afterward
steadily decreased. During storage, the chemical
reaction may be considered as discoloration factor. The
color score of stored fruits was satisfactory up to four
months of storage afterward declined. Red color is
based on the amount of anthocyanin that depends on
the breakdown of chlorophyll. Furthermore, under 5
days of storage similar discoloration in mango has also
been observed (Suwapanich and Haewsungcharoen,
2007). The results are in line with Solhjoo ez a/. (2017)
who observes significant improvement in skin color
of apple fruits with foliar application of calcium and
potassium.

Fruit taste

Significant differences were observed in taste of
stored apple fruits with storage durations (Figure 5).
Taste score was statistically parallel during the 1% two
months of storage. The taste of fruit was first increased
from 7.00 to 10.00 during 60 days of storage because
of pre-harvest calcium spray application later a steady
decrease occurred during eight months of storage
period. Minimum taste (2.90) was noted in fruits
stored for 210 days, followed by slight taste (3.00)
recorded in fruits during 225 and 240 days of storage.
Maximum fruit taste (10.00) was recorded at 45 and
60 days of storage. The estimated increase (42.85%)
for 60 days storage and then decrease (70%) in fruit
taste up to eight months of storage occurred in apple
fruits. The results indicated that taste of stored fruits
was satisfactory up to three months of storage and
then declining in taste of apple fruits was started up
to eight months.

The most favorable temperature is a key factor for
sensory evaluation in stored products, as anthocyanin
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is negatively influenced under higher temperatures
during storage (Marti e a/, 2002). Similarly,
colour, TSS, and flavor are maintained under a low
temperature of 6 °C (Fardin ez a4/, 2011). Higher
temperature affects the anthocyanin, coloring
accountable for red color of apple during. Significant
differences were observed in the taste of stored apple
fruits. The taste of fruit was first increased from 7.00
to 10.00 during 60 days of storage because of pre-
harvest calcium spray application and later decreased
during storage period. The taste of stored fruits was
satisfactory up to three months of storage and then
decline in taste of apple fruits was started up to eight
months storage. The results of the present study are
in line with Netravati and Jagadeesh (2018) who
reported maximum score for taste and flavor (4.69)
in the custard fruits treated with combined use of
calcium chloride and wax (1:10).

Fruit aroma

Significant variations were observed in aroma of stored
apple fruits with storage durations (Figure 5) however,
aroma was statistically parallel during 2" month of
storage. The aroma of fruit was initially increased from
8.00 to 9.50 during 60 days of storage because of pre-
harvest calcium spray application afterward gradual
decrease occurred during eight months storage period.
Minimum fruit aroma (2.50) was noted in fruits
stored for 240 days, followed by least fruit aroma 2.80,
3.00 and 3.50 recorded in fruits during 225, 210 and
195 days of storage. Maximum fruit aroma (9.50) was
recorded at 60 and 75 days of storage. The estimated
increase (90%) during 60- and 75-days storage and
then decreased (73.68%) in fruit aroma up to eight
months of storage happened in apple fruits. The results
indicated that aroma of stored fruits was satisfactory
up to three months of storage afterward declining in
aroma was started up to eight months.

Considerable variations were observed in aroma of
stored apple fruits. The aroma of fruit was initially
increased from 8.00 to 9.50 during 60 days of storage.
Minimum smell (2.50) was noted in fruits stored
for 240 days and maximum fruit aroma (9.50) was
recorded at 60 and 75 days of storage. The aroma of
stored fruits was better after three months of storage;
afterwards, it declined up to eight months due to
higher temperature and prolonged storage duration,
which caused fruit softening to negatively influence
its aroma. Similar results were reported and are in line
with the present study in which maximum scores for

appearance (4.50), texture (4.69), taste and aroma
(4.69) were observed in the fruits treated with calcium

chloride and wax (Netravati and Jagadeesh, 2018).
Conclusions and Recommendations

Calcium application up to five months has enhanced
the quality of apple fruits by increasing total soluble
solids, ascorbic acids, calcium content, pH, fruit
firmness and decreasing bitter pit incidence and
internal browning thus can be recommended for
comprehensive storage period of apple fruits. Storage
period increased pH, reducing sugars, weight loss,
bitter pit incidence and internal browning hence
measures need to be taken to decrease weight loss,
bitter pit incidence and internal browning during
storage. However, apple fruits should be stored up
to 3 months keeping quality up to a safe level for
consumer preferences.

Acknowledgments

I am very much thankful to my research supervisor
Prof. Dr. Abdul Mateen, Dr. Masood Ahmad,
Department of Horticulture, The University of
Agriculture Peshawar for their valuable inputs during
my research journey. I am also Thankful to the staff
of ARI, Swat to provide technical assistances and
resources for successful completion of this research.

Novelty Statement

'This study is very useful for the apple growers of Swat
District. This study also key stage of apple growth
where calcium deficiency can cause most prone
physiological disorders of apple i.e. bitter bit incidence
and internal browning. Moreover, the role of calcium
in overcoming these physiological disorders with
maximum retained quality for 5 months storage.

Author’s Contribution

Nasra Begum and Abdul Mateen Khattak: Planned
and executed the experiment. Analyzed the data and
wrote the draft of the manuscript

Conflict of interest
The authors have declared no conflict of interest

References

June 2025 | Volume 41 | Issue 2 | Page 791

QO ] .
ot Links
GResearchers



OPEN aACCESS

Sarhad Journal of Agriculture

AOAC, 1990. Official methods of analysis.
Analytical chemist, 15" Ed. Washington DC,
USA.

Abeysuriya, H.I., V.P. Bulugahapitiya and L.P.
Jayatissa, 2024. Variation of vitamin C content
and antioxidant capacities during the post-
harvest storage of fresh fruits under different
temperatures. J. Stored Prod. Res., 109: 102426.
https://doi.org/10.1016/j.jspr.2024.102426

Amarante, C.V.'T., A. Miqueloto, S.T.D. Freitas,
C.A. Steffens, J.P.G. Silveira and T.R. Corréa.
2013. Fruit sampling methods to quantify
calcium and magnesium contents to predict
bitter pit development in ‘Fuji’ apple: A
multivariate approach. Sci. Hortic., 157: 19-23.
https://doi.org/10.1016/j.scienta.2013.03.021

Argenta, L.C., S.T. de Freitas, J.P. Mattheis, M.].
Vieira and C. Ogoshi. 2021. Characterization
and quantification of postharvest losses of
apple fruit stored under commercial conditions.
HortSci.,, 56(5): 608-616.  https://doi.
org/10.21273/HORTSCI15771-21

Baliyan, S.P. and D.L. Kgathi. 2009. Production
and marketing problems in small scale
horticultural farming in Botswana. Acta
Hortic., 831: 31-40. https://doi.org/10.17660/
ActaHortic.2009.831.3

Baneh, H.D., A. Hassani, A. Majidi, S. Zomorodi,
G. Hassani and M.]. Malakouti. 2003. Effect of
calcium chloride concentration and the number
of foliar applications on the texture and storage
(Red Delicious). Agric. Sci. Tabriz., 12(4): 47-
50.

Begum, N. and A.M. Khattak. 2023. Survey of
apple orchards for assessing disorders and
nutrient status in soil, leaves, and fruits. J. Xi’an
Shiyou Uni., Nat. Sci. Ed., 19(6): 894-917

Beiparysa, A., E.S. Topno, V.A. Joseph, V. Bahadur,
A. Kerketta and L. Kesharwani. 2023. Effect of
calcium chloride (CaCl)) and carbon dioxide
(CO,) on post harvest quality of apple fruit
(Malus domestica) cv. Gala. Int. J. Soil Sci., 35:
199-207. https://doi.org/10.9734/ijpss/2023/
v351183283

Chandel,J.S.,; S. Sharma and P. Verma. 2019. Effect
of calcium sprays on fruit quality and shelf-life
of apple (Malus x domestica). Indian J. Agri. Sci.,
89(9): 1539-1542. https://doi.org/10.56093/
1jas.v8919.93521

Conway, W.S., C.E. Sams and K.D. Hickey. 2002.

Pre and postharvest calcium treatment of apple

fruit and its effect on quality. Proc. IS on Foliar
Nutrition. Acta Hortic., 594: 413-419. https://
doi.org/10.17660/ActaHortic.2002.594.53

Crouch, 1., 2003. 1-Methylcyclopropene as
an alternative to modified atmosphere and
controlled atmosphere storage of apples and
pears. Acta. Hortic., 600: 433-436. https://doi.
org/10.17660/ActaHortic.2003.600.64

Davey, M.W., M.V. Montagu, D. Inze, M.
Sanmartin, A. Kanellis, N. Smirnoff, 1.J.].
Benzie, J.J. Strain, D. Favell and J. Fletcher.
2000. Plant L-ascorbic acid: Chemistry,
function, metabolism, bioavailability and
effects of processing. J. Food Sci. Agric.,
80: 825-860. https://doi.org/10.1002/
(SICI)1097-0010(20000515)80:7<825:: AID-
JSFA598>3.3.CO;2-Y

Dris, R. and R. Niskanen. 1999. Calcium chloride
sprays  decrease  physiological  disorders
following long-term cold storage of apple.
Plant Foods Hum. Nutr., 54: 159-171. https://
doi.org/10.1023/A:1008171909458

Fardin, M., Q.M. Hanafi, M. Alizadeh, H.
Mohamadi and M. Sarsaifee. 2011. Effect of
low temperature on physico chemical properties
of different strawberry cultivars. Afr. J. Food Sci.
Technol., 2(5): 109-115.

Feszterova, M., M. Kowalska and M. Misiakova.
2023. Stability of vitamin C content in plant
and vegetable juices under different storing
conditions. Appl. Sci., 13(19): 10640. https://
doi.org/10.3390/app131910640

Frank, J.P,, H.N. Gerry and F. Dana. 2007. Start-
timing for calcium chloride spray programs
influences fruit calcium and bitter pit in apples.
J. Plant Nutr., 30(8): 1213-1227. https://doi.
0rg/10.1080/01904160701555077

Fry, S.C., 2004. Primary cell wall metabolism:
Tracking the carriers of cell wall polymers
in living plant cells. New Phytol., 161:
641-675. https://doi.org/10.1111/j.1469-
8137.2004.00980.x

Fuller, M.M., 2008. The ultra-structure of the
outer tissues of cold-stored apple fruits of high
and low calcium content in relation to cell
breakdown. A. App. Biol., 83: 299-304. https://
doi.org/10.1111/j.1744-7348.1976.tb00610.x

Ganai, N.A., K. Rasool, G.H. Rather, Z. Ahmed
and T. Saleem. 2018. Fruit characteristics of
apple cv. Red Delicious as influenced by foliar
spray of calcium chloride and boric acid. Int.

June 2025 | Volume 41 | Issue 2 | Page 792

.0 .
ot Links
GResearchers


https://doi.org/10.1016/j.jspr.2024.102426
https://doi.org/10.1016/j.scienta.2013.03.021
https://doi.org/10.21273/HORTSCI15771-21
https://doi.org/10.21273/HORTSCI15771-21
https://doi.org/10.17660/ActaHortic.2009.831.3
https://doi.org/10.17660/ActaHortic.2009.831.3
https://doi.org/10.9734/ijpss/2023/v35i183283
https://doi.org/10.9734/ijpss/2023/v35i183283
https://doi.org/10.56093/ijas.v89i9.93521
https://doi.org/10.56093/ijas.v89i9.93521
https://doi.org/10.17660/ActaHortic.2002.594.53
https://doi.org/10.17660/ActaHortic.2002.594.53
https://doi.org/10.17660/ActaHortic.2003.600.64
https://doi.org/10.17660/ActaHortic.2003.600.64
https://doi.org/10.1002/(SICI)1097-0010(20000515)80:7%3C825::AID-JSFA598%3E3.3.CO;2-Y
https://doi.org/10.1002/(SICI)1097-0010(20000515)80:7%3C825::AID-JSFA598%3E3.3.CO;2-Y
https://doi.org/10.1002/(SICI)1097-0010(20000515)80:7%3C825::AID-JSFA598%3E3.3.CO;2-Y
https://doi.org/10.1023/A:1008171909458
https://doi.org/10.1023/A:1008171909458
https://doi.org/10.3390/app131910640
https://doi.org/10.3390/app131910640
https://doi.org/10.1080/01904160701555077
https://doi.org/10.1080/01904160701555077
https://doi.org/10.1111/j.1469-8137.2004.00980.x
https://doi.org/10.1111/j.1469-8137.2004.00980.x
https://doi.org/10.1111/j.1744-7348.1976.tb00610.x
https://doi.org/10.1111/j.1744-7348.1976.tb00610.x

OPEN aACCESS

Sarhad Journal of Agriculture

J. Curr. Microbiol. App. Sci., 7(3): 546-552.
https://doi.org/10.20546/ijcmas.2018.703.065

Ghafir, S.A.M., S.0. Gadalla, B.N. Murajei
and ML.F. El-Nady. 2009. Physiological and
anatomical comparison between four different
apple cultivars under cold-storage conditions.
Afr.J. Plant Sci., 3: 133-138.

Ghorbani, E., D. Bakhshi, E. Fallahi and B. Rabiei.
2017. Evaluation of pre-harvest foliar calcium
applications on ‘Fuji’ apple fruit quality during
cold storage. Aust. J. Crop Sci., 11(2): 228-233.
https://doi.org/10.21475/ajcs.17.11.02.p5853

Haleema, B., A. Rab and S.A. Hussain. 2018. Effect
of calcium, boron and zinc foliar application on
growth and fruit production of tomato. Sarhad J.
Agric. 34(1): 19-30. https://doi.org/10.17582/
journal.sja/2018/34.1.19.30

Haleema, B., S.T. Shah, A. Basit, W.M. Hikal,
M. Arif, W. Khan, H.A.H. Said-Al-Ahl and
M. Fhatuwani. 2024. Comparative effects of
calcium, boron, and zinc inhibiting physiological
disorders, improving yield and quality of
Solanum lycopersicum. Biology, 13: 766. https://
doi.org/10.3390/biology13100766

Hayat, I., T. Masud and H.A. Rathore. 2003. Effect
of coating and wrapping materials on the shelf
life of apple (Malus domestica cv. Borkh). Int. J.
Food Saf., 5: 24-34.

Huang, W., Y. Shi, H. Yan, H. Wang, D.
Wu, D. Grierson and K. Chen. 2023. The
calcium-mediated homogalacturonan pectin
complexation in cell walls contributes the
firmness increase in loquat fruit during
postharvest storage. J. Adv. Res., 49: 47-62.
https://doi.org/10.1016/j.jare.2022.09.009

Hussain, K, M. Ashraf, M.Y. Ashraf. 2008.
Relationship between growth and ion relation
in pearl millet (Pennisetum glaucum L.) at
different growth stages under salt stress. Afr. J.
Plant Sci., 2(3): 23-27.

Irfan, PK., V. Vanjakshic, M.N.K. Prakasha, R.
Ravie and V.B. Kudachikar. 2013. Calcium
chloride extends the keeping quality of fig fruit
(Ficus carica L..) during storage and shelf-life.
Postharv. Biol. Technol., 82: 70-75. https://doi.
org/10.1016/j.postharvbio.2013.02.008

Jan, I, A. Rab and M. Sajid. 2013. Influence of
calcium choloride on physical characteristics
and soft rot incidence on fruit of apple cultivars.
J. Anim. Plant Sci., 23(5): 1353-1359.

Jan, ML.T, P. Shah, P.A. Hollington, M.J. Khan and

Q. Shohail. 2009. Agriculture Research: Design
and Analysis. 1** Ed. Dept. of Agronomy, The
Uni. of Agric., Peshawar, Pakistan.

Kader, A.A., 2002. Postharvest biology and
technology of horticultural crops, University of
California, Davis Publication, 535 pages.

Khalaj, K., N. Ahmadi and M.K. Souri. 2017.
Improvement of postharvest quality of Asian
pear fruits by foliar application of boron and
calcium. Hortic. J., 3(15): 1-8. https://doi.
org/10.3390/horticulturae3010015

Khan, M.A., S. Khan, F. Ahmad, N. Ahmed,
I. Ahmed, F. Yazdan and N. Khan. 2016.
Physiochemical attributes of early and late
maturing peach cultivars during ripening.
Int. J. Biol. Sci., 9(6): 338-349. https://doi.
org/10.12692/ijb/9.6.338-349

Koutinas, N., T. Sotiropoulos, A. Petridis, D.
Almaliotis, E. Deligeorgis, 1. Therios and N.
Voulgarakis. 2010. Effects of preharvest calcium
foliar sprays on several fruit quality attributes
and nutritional status of the kiwifruit cultivar
tsechelidis. HortSci., 45(6): 984-987. https://
doi.org/10.21273/HORTSCI.45.6.984

Kov, E., E. Hertog and E. Vanstreels. 2005.
Relationship between physical and biochemical
parameters in apple softening. Acta Hortic.,
68:  573-578.  https://doi.org/10.17660/
ActaHortic.2005.682.72

Lanauskas,].,N.Kvikliene, N. Uselis and D. Kviklys.
2012. The effect of calcium foliar fertilizers on
cv. Ligol apples. Plant Soil Environ., 58(10):
465-470. https://doi.org/10.17221/6342-PSE

Larmond, E., 1977. Laboratory method of sensory
evaluation of food: Publication 1977, Canada,
Deptt: Agric. Ottawa.

Lata, B., 2007. Relationship between apple peel
and the whole fruit antioxidant content: year
and cultivar variation. J. Agric. Food Chem., 55:
663-671. https://doi.org/10.1021/jf062664;

Lee, J.Y., HJ. Park. C.Y. Lee and W.Y. Choi.
2003. Extending shelf-life of minimally
processed apples with edible coatings and anti-
browning agents. Food Sci. Technol., 36(3):
323-329. https://doi.org/10.1016/50023-
6438(03)00014-8

Lee, K., H. Gregory, R. Michelle and M. Katie.
2017. Calcium absorption during fruit
development in ‘Honeycrisp’ apple measured
using 44Ca as a stable isotope tracer. Hortic. Sci.,

52(12): 1804-1809. https://doi.org/10.21273/

June 2025 | Volume 41 | Issue 2 | Page 793

.0 .
ot Links
GResearchers


https://doi.org/10.20546/ijcmas.2018.703.065
https://doi.org/10.21475/ajcs.17.11.02.p5853
https://doi.org/10.17582/journal.sja/2018/34.1.19.30
https://doi.org/10.17582/journal.sja/2018/34.1.19.30
https://doi.org/10.3390/biology13100766
https://doi.org/10.3390/biology13100766
https://doi.org/10.1016/j.jare.2022.09.009
https://doi.org/10.1016/j.postharvbio.2013.02.008
https://doi.org/10.1016/j.postharvbio.2013.02.008
https://doi.org/10.3390/horticulturae3010015
https://doi.org/10.3390/horticulturae3010015
https://doi.org/10.12692/ijb/9.6.338-349
https://doi.org/10.12692/ijb/9.6.338-349
https://doi.org/10.21273/HORTSCI.45.6.984
https://doi.org/10.21273/HORTSCI.45.6.984
https://doi.org/10.17660/ActaHortic.2005.682.72
https://doi.org/10.17660/ActaHortic.2005.682.72
https://doi.org/10.17221/6342-PSE
https://doi.org/10.1021/jf062664j
https://doi.org/10.1016/S0023-6438(03)00014-8
https://doi.org/10.1016/S0023-6438(03)00014-8
https://doi.org/10.21273/HORTSCI12408-17

OPEN aACCESS

Sarhad Journal of Agriculture

HORTSCI12408-17

Lester, G.E., and M.A. Grusak. 2004. Field
application of chelated calcium; postharvest
effects on cantaloupe and honeydew fruit
quality. Hortic. Technol., 14: 29-38. https://doi.
0rg/10.21273/HORTTECH.14.1.0029

Marti, N., PA. Vicente and G.C. Garcia. 2002.
Influence of storage temperature and ascorbic
acid addition on pomegranate juice. J. Food Sci.
Agric., 8(2): 217-221. https://doi.org/10.1002/
jsfa.1024

Netravati, G.J.S. and S.L.Jagadeesh. 2018. Calcium
chloride and wax influences the post harvest
behavior of custard apple fruits. J. Pharm.
Phytochem., 7(2): 79-84.

Omaima, M.H. and H.E.H. Karima. 2007. Quality
improvement and storability of apple cv. anna
by pre-harvest applications of boric acid and
calcium chloride. Res. J. Agric. Biol. Sci., 3(3):
176-183.

Ozturk, E.and T. Polat. 2016.The effect of long term
storage on physical and chemical properties of
potato. Turk. J. Field Crops, 21(2): 218-223.
https://doi.org/10.17557/jfc.69595

Rathore, H.A., M. Tariq, S. Shehla and A.H.
Soomro. 2007. Effect of storage on physico
chemical composition and sensory properties of
mango (Mangifera indica L.) variety Dosehari.
Pak. J. Nutr, 6(2): 143-148. https://doi.
org/10.3923/pjn.2007.143.148

Rehman, A.U., A. Ali, A. Khan, A. Qayum, Z.
Rahman, H. Wagas and Z.U. Rehman.2017.
Effect of calcium lactate concentrations on
postharvest storage life of apple fruit. Pure
Appl. Biol., 6(4): 1340-1344. https://doi.
org/10.19045/bspab.2017.600144

Riveria, J. 2005. Cutting shape and storage
temperature affect overall quality of fresh cut
papaya Cv. Maradol. J. Food Sci. 70 (7): 488-
489.

Sarrwy, S.M.A.,E.G. Gadallaand E.A.M. Mostafa.
2012. Eftect of calcium nitrate and boric acid
sprays on fruit set, yield and fruit quality of cv.
Amhat date palm. World J. Agric. Sci., 8(5):
506-515.

Sempere, F. and M.P. Santamarina. 2007. In vitro
bio-control analysis of Alternaria alternata
(Fr.) Keissler under different environmental
conditions. Mycopathol., 163: 183-190. https://
doi.org/10.1007/s11046-007-0101-x

Shirzadeh, E., V. Rabiei and Y. Sharafi. 2011. Effect

of calcium chloride (CaCl)) on postharvest
quality of apple fruits. Afr. J. Agric. Res.,
6(22): 5140-5142. https://doi.org/10.5897/
AJMR11.1142

Sindha, D.J., B.N. Satodiya and N.K. Sutariya.
2018. Effect of foliar application of different
chemicals and humic acid on fruit yield and
quality of custard apple (Annona squamosa L.)
cv. Local. Int. J. Chem. Stud., 6(5): 75-77.

Solhjoo, S., A. Gharaghani and E. Fallahi. 2017.
Calcium and potassium foliar sprays affect
fruit skin color, quality attributes, and mineral
nutrient concentrations of ‘Red Delicious’
apples. Int. . Fruit Sci., 17(4): 358-373. https://
doi.org/10.1080/15538362.2017.1318734

Statistix_8 Analytical Software. 2003. Statistix_ 8
User’s Manual. Tallahassee, Florida: Analytical
Software. ISBN 1-881789-06-3.

Suljevicm M. and P. Drkenda. 2011. Effect of post-
harvest calcium oxide treatment on the fruit
quality Idared and Granny Smith apples during
storage. Book of abstracts IV postharvest
symposium with workshop postharvest storage
of vegetables and fruits in western Balkan
countries.

Suwapanich, R. and M. Haewsungcharoen. 2007.
Effect of temperature on thermal properties of
Mango cv. Si Thong during storage. J. Agric.
Technol., 3(1): 137-142.

Torres, E., L. Kalcsits and L.G. Nieto. 2024. Is
calcium deficiency the real cause of bitter pit? A
review. Front. Plant Sci., 15: 1383645. https://
doi.org/10.3389/1pls.2024.1383645

Uikey, P, A. Sharma, A. Yadav, R. Nair and Rehan.
2023. Techniques to reduce the postharvest
losses of fruits and vegetables in Singh ez
al. (2023) Edi. “Advanced Technology of
Horticulture. Daya Publishing House, Astral
Int. Pvt. Ltd. New Dehli. pp. 321-342.

Vatanparast, G.,S.H.Mirdehghan, H.R. Karimi and
M.H. Vazifeshenas. 2012. Foliar application of
salicylic acid, methyl jasmonate and potassium
sulfate on photosynthetic characteristics and
fruit quality of pomegranate. Iran Agri. Res.
31(2): 23-33

Veravrbeke, E.A., P. Verboven, P. Oostveldt and
B.M. Nicolai. 2003. Predication of moisture
loss across the cuticle of apple (Malus sylvestris)
during storage: Part-2. Model simulations
and practical applications. Postharvest Biol.

Technol., 30: 89-97. https://doi.org/10.1016/

June 2025 | Volume 41 | Issue 2 | Page 794

.0 .
ot Links
GResearchers


https://doi.org/10.21273/HORTSCI12408-17
https://doi.org/10.21273/HORTTECH.14.1.0029
https://doi.org/10.21273/HORTTECH.14.1.0029
https://doi.org/10.1002/jsfa.1024
https://doi.org/10.1002/jsfa.1024
https://doi.org/10.17557/tjfc.69595
https://doi.org/10.3923/pjn.2007.143.148
https://doi.org/10.3923/pjn.2007.143.148
https://doi.org/10.19045/bspab.2017.600144
https://doi.org/10.19045/bspab.2017.600144
https://doi.org/10.1007/s11046-007-0101-x
https://doi.org/10.1007/s11046-007-0101-x
https://doi.org/10.5897/AJMR11.1142
https://doi.org/10.5897/AJMR11.1142
https://doi.org/10.1080/15538362.2017.1318734
https://doi.org/10.1080/15538362.2017.1318734
https://doi.org/10.3389/fpls.2024.1383645
https://doi.org/10.3389/fpls.2024.1383645
https://doi.org/10.1016/S0925-5214(03)00082-6

OPEN aACCESS

Sarhad Journal of Agriculture

50925-5214(03)00082-6

White, PJ. and M.R. Broadley. 2003. Calcium in
plants. Ann. Bot., 92: 487-511. https://doi.
org/10.1093/aob/mcg164

Zhang, L., P. Wang, F. Chen, S. Lai, H. Yu
and H. Yang, 2019. Effects of calcium and

pectin methylesterase on quality attributes
and pectin morphology of jujube fruit under
vacuum impregnation during storage. Food
Chem., 289: 40-48. https://doi.org/10.1016/j.
toodchem.2019.03.008

June 2025 | Volume 41 | Issue 2 | Page 795

O 0
Qols Links
“*@Researchers


https://doi.org/10.1016/S0925-5214(03)00082-6
https://doi.org/10.1093/aob/mcg164
https://doi.org/10.1093/aob/mcg164
https://doi.org/10.1016/j.foodchem.2019.03.008
https://doi.org/10.1016/j.foodchem.2019.03.008

