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ABSTRACT

The short shelf-life of strawberry fruits is the main challenge for transportation over
long distances during export and import around the world. Adding postharvest treatments
could increase fruits decay during transportation. Thus, the purpose of this study is to evaluate
the effect of pre-harvest applications with different rates of calcium chloride (0.5, 1, and 2 %)
and potassium silicate (0.4, 0.6, and 0.8 %) on growth, yield, fruit characteristics, shelf-life
for 7 days at 10°C on the content of bioactive compounds, and the activity of enzymes in
strawberries. The results indicated that calcium chloride and potassium silicate significantly
increased leaves number, plant fresh weight, chlorophyll percentage, plant leaf area, and dry
matter compared to the control. Additionally, calcium chloride and potassium silicate
significantly increased total yield, marketable yield, fruit length, fruit weight, and fruit
diameter. Calcium chloride was the most effective treatment for decreasing weight loss and
increasing fruit firmness and total anthocyanin compared to other treatments. Moreover,
potassium silicate was the most effective treatment for enhancing vitamin C. Both compounds
significantly increased total sugar, antioxidant capacity, and peroxidase (POD) activity. Our
results offer crucial data for commercial producers to increase production, enhance
postharvest quality, and extend shelf life, thus permitting a wider range of strawberry retail
marketing.
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1-INTRODUCTION:

Strawberry (Fragaria x ananassa
Duch.) is the most prominent member of
the family Rosaceae worldwide because it
has a considerable amount of nutritional
value, sweet taste, and high aroma.
However, the strawberry fruits shelf-life is
limited related to their high moisture
content, respiration level,  sensitive
epidermis, and exposure to bruising and
mechanical damage. Between harvest and
consumption, strawberries are thought to
decay by 30% (Amiri et al, 2022).
Calcium and potassium elements mainly
affect the storage ability and quality of
strawberry  fruits. Some  previous
postharvest applications were used to
increase the content of calcium in fruits
such as dipping in calcium chloride solution
(Liu et al., 2023; Niazi et al., 2021) and
adding calcium to several edible coating
materials (Alharaty and Ramaswamy,
2020; Nguyen et al., 2020). Additionally,
potassium was applied to strawberry fruits
as postharvest treatment by dipping in some
potassium salts such as potassium sorbate
(Al-Kuraieef et al., 2019). However, the
previous applications are not used as
commercial applications during export and
import of strawberry fruits due to the risk of
the fruits decay and proliferation of
pathogens. Thus, the pre-harvest
application could be the ideal technique for
enhancing calcium content and potassium
in the strawberry fruits, leading to a longer
shelf-life.

Calcium is considered as one of the
most significant mineral components that
affects fruit quality since it plays a
significant role in cell functioning, helps
prevent fruit ripening and softening, and
minimizes fruit senescence (Cvelbar
Weber et al., 2021). The best way to apply
calcium to plants is not through the soil
since calcium is not easily movable inside
of plants (Danner et al., 2009). Pre-harvest
calcium treatments increase the calcium

content of the fruit cell wall, which is useful
for postponing senescence and resulting in
firmer fruit as well as higher quality
(Serrano et al.,, 2004). Because calcium
binds to the central lamella of the cell wall,
calcium therapies are also beneficial in
preventing fruit softening (Eklund and
Eliasson, 1990; Hocking et al., 2016a).
Additionally, it stimulates the production of
a number of cell wall components, which
inhibits the deposition of cellulose and
promotes the formation of non-cellulosic
polysaccharides like lignin (Picchioni et al.,
1996).

Potassium is one of the
macronutrients, along with phosphorus and
nitrogen (Fageria, 2016). Potassium is
necessary for a number of physiological and
biochemical processes that affect the
growth and production of plants. Potassium
has a role in enzyme activation, glucose
metabolism, and protein synthesis (Wang
et al., 2013). In the plant tissue, potassium
levels varied from 2% to 5% of the plant's
weight (Lester et al., 2005).

Plants have silicon in quantities
similar to those of essential macronutrients
like calcium, magnesium, and phosphorus
(Epstein, 1999). The function of silicon in
higher plant metabolism has recently drawn
more attention especially under biotic or
abiotic stress (Kaya et al., 2006). Silicon is
participated in stimulating growth and
increases  plant strength and  stress
resistance (Xiao et al., 2022). According to
previous report (Pavlovic et al., 2021), Si
regulates the absorption of phosphor and
micronutrients and increases the efficiency
with which nitrogen is used. Additionally,
silicon played a role in the control of
stomata and the antioxidant enzyme system,
which reduced damage by halting the
creation of lipid peroxide and hydrogen
peroxide (Xiao et al, 2022). The
application of silicon under unstressed
condition and its associations with plant
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growth, production, and postharvest
behavior, however, have not been
thoroughly investigated including
strawberry.

Based on above information, in this
study, we tested the pre-harvest

applications with calcium and potassium to

2-MATERIALS AND METHODS:

Plant materials, experiment setup, and
treatments

The current experiment was carried
out in a plastic greenhouse at Faculty. of
Agricture, Cairo University, Giza, in
2019/2020 and 2020/2021. Strawberry
transplants of Festival cultivar were planted
on 4 rows/bed with 25 cm between plants
and between rows. Each plot was 6 m? (1.2
m width x 5 m length) with 24 transplants.
Beds were covered with silver soil
mulching. The fertigation method was
applied to irrigate and fertilize the plants.
Each bed was provided with two
polyethylene lateral. Foliar treatments
began 10 and 20 days after full flowering
with different calcium chloride at rates i.e.,
0.5, 1, and 2 %, while potassium silicate
was used at rates of 0.40, 0.60, and 0.80 %.

Untreated samples were sprayed with
distilled water (control plants). The
experimental design was randomized

complete block design (RCBD) with three
replicates.
Plant growth characteristics

Three months after transplanting,
five plants were chosen randomly to
measure leaves number, crown diameter,
leaf area per plant, plant fresh weight, and
plant dry matter. The four central plants in
each plot were used to measure leaf
greenness (as an indicator of chlorophyll
content) by a SPAD-502 Chlorophyll Meter
(Konica-Minolta, Osaka, Japan).
Yield and fruits characteristics

The total yield/m? and marketable
yield/m? (free from defects, physiological
disorders, or any other misshape) were

enhance the growth, production, and shelf-
life of strawberry. Also, to best of our
knowledge, the effect of pre-harvest
fertilizer with calcium chloride and
potassium  silicate on the growth,
production, and shelf-life of strawberry was
not fully studied before.

evaluated. Average fruit weight, length, and
diameter were also determined at harvest
time from the average of 15 randomly
selected fruits from every plot.
Shelf-life Experiment

On the same day of harvest, the
shelf-life experiment was carried out.
Within an hour, strawberries were picked
and immediately transferred to the
postharvest lab. Fruits that were almost the
same in size and shape, free from damage,
and without any defects were chosen. For a
period of 7 days, the chosen fruits from
each application were kept at 10° C and
95% relative humidity in vented clamshell
containers weighing around 250 g. After
being stored for seven days, the weight loss
was calculated. The following chemical
compositions were measured at harvest
time and after 7 days of shelf-life.
Firmness, total soluble solids (TSS),
vitamin C, and titratable acidity

To measure firmness, a fruit
pressure tester (FT011, Wagner Instruments,
Milan, Italy), was used twice at two points
on opposing sides of the fruit's center. The
mean value was then calculated. TSS was
measured by digital refractometer (PR101,
Palette, Co., Ltd., Tokyo, Japan). To
measure the TSS percentage, a few drops of
the juice were applied to the lens, and the
results were then recorded. For calibration,
deionized water was utilized. Between each
sample, the lens was rinse by deionized
water. Using a titrimetric method with the
dye 2-6, dichlorophenol indophenol, the
vitamin C content of strawberries was
calculated and expressed as mg per 100 g of
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fresh weight. Ten grams of fresh fruit were
mashed and mixed with 100 mL of distilled
water to measure titratable acidity. The
percentage of titratable acidity was then
calculated from the titter as the proportion
of citric acid in the juice by titrating 10 mL
of the aliquot in triplicates with 0.1 N
NaOH as mentioned in A.O.A.C. (2000).
Total sugars and total phenols

Total sugars and total phenols were
evaluated in dry matter. To obtain dry
matter for chemical determination, 100 g of
fresh fruit were dried until weight constant
at 70°C. Ethanol extract of dry material was
used for estimation determination of total
sugar using phosphomolibdic acid method.
Total phenols were determined according to
the method of Swain and Hillis (Swain and
Hillis, 1959) by using the folin-ciocalteau
colorimetric method.
Total anthocyanin

The method of Pirie and Mullins
(Pirie and Mullins, 1976) was followed to
determine the content of total anthocyanin
in strawberry fruits. In brief, in 2 mL of 1%
(v/v) HCl-ethanol, 0.5 g of leaf tissue was
extracted before being centrifuged at 13,000
rpm for 20 min at 4°C. The liquid
supernatant was then acidified with 0.1 N
HCl to a pH of about 1.0, and the
absorbance was gauged at 530 nm.
Polyphenol oxidase and Peroxidase
activities

A weight of 1 g of fruit tissue was
extracted with 2 ml of cold Na acetate
buffer (pH 6.0) and then centrifuged at
15000 x g, the supernatant is plant tissue
enzyme extract. Procedure: to a clean
cuvette of a spectrophotometer add 3.0 ml
buffered catechol solution (0.01M catechol,
freshly prepared in 0.1 M phosphate buffer,

PH 6.0) set the spectrophotometer to read
absorbance at 495nm. Insert the cuvette in
cuvette chamber of spectrophotometer and
adjust absorbance to zero. Add 1 ml
enzyme extract to cuvette, mix immediately,
place the cuvette in the spectrophotometer
and record absorbance after 2 minutes. The
enzyme activity was expressed as units per
g fresh weight (Chance and Maehly, 1955).

Peroxidase can be assayed quite easily due
to its high activity and stability and the
activity of large number of hydrogen
donors which can be used for assaying its
activity. The reaction was measured as
follows at absorbance 430 nm. Extraction
of 1 g of fruit tissue with 2 ml of cold Na
acetate buffer (pH 6.0) and centrifuge the
extract at 15000 x g, the supernatant is
plant tissue homogenate. Procedure: To a
clean dry colorimeter cuvette with a 1 cm
light path add phosphate buffer, pH 6.5,

0.1M 350 ml Plant tissue
homogenate 0.20ml O-dianisidine
solution (1 mg/ml in methanol) 0.10ml.

Bring the mixture to 28-300C in a constant
temperature bath and then transfer the
cuvette to spectrophotometer set at
430nm.Then add to cuvette 0.2ml hydrogen
peroxide (0.2M). Simultaneously, start a
stopwatch. Read after 60sec. The enzyme
activity was expressed as units per g fresh
weight (U/g.FW) (Reuveni ef al., 1992).
Statistical analysis

Results from each experiment were
offered as the mean standard deviation (SD),
with 3 replicates in each experiment. Least
significant difference test (LSD, 5 % of
probability) was used to evaluate
differences between the means using SPSS
software.
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3-RESULTS AND DISCUSSION:

Effect of calcium chloride and potassium
silicate on plant growth, chlorophyll
reading, and dry matter

Our results in Figure 1 show that
calcium chloride at a rate of 2 %
significantly improved the leaves number in
both years compared to the control, but the
lower rates (1 % and 0.5 %) did not. Also,
potassium silicate significantly increased
the number of leaves in both years at a rate
of 0.6 % and 0.8 %. All treatments did not
affect the crown diameter in the two years
of study compared to the control (Figure 2).
Calcium chloride at a rate of 2 % and all
rates of potassium silicate significantly
enhanced fresh weight of plants only in the
first year, while only potassium silicate at a
rate of 0.8 % significantly increased the
plant fresh weight in the second year
compared to the control (Figure 3). Plant
leaf area was significantly increased by all
potassium silicate rates in the first year
compared to the control, while in the
second year, calcium chloride application at
the high rates (I % and 2 %) and all
potassium  silicate rates significantly
increased the plant leaf area compared to
the control (Figure 4). Our results in Figure
5 indicated that calcium chloride
application (at rates of 0.5 % and 1 %) and
potassium silicate (at rates of 0.6 % and
0.8 %) significantly increased dry matter of
strawberry plants compared to the control
in the first year.

One of the important nutrients for
plant growth is calcium. It is required for
the formation and stability of cell walls,
proper root growth, and the stimulation of
enzymes related to various metabolic
processes  (Thor, 2019). Calcium
deficiency can lead to stunted growth, poor
fruit quality, and increased susceptibility to
diseases (Hocking et al., 2016b). The role
of calcium in enhancing plant growth might
be due to its function in conserving cell
wall and membrane stability when calcium

is applied exogenously (Song et al., 2020).
Additionally, calcium speeds up the transfer
of  carbohydrates  produced  during
photosynthesis to sinks (Navazio et al.,
2020).

In agreement with our results, previous
studies found that foliar calcium application
enhanced the plant growth of tomatoes and
cucumbers (Zhang et al., 2014; Zhang et
al., 2012). The second important nutrient
for plant growth is potassium. It is required
for wvarious physiological processes,
including the regulation of water balance,
the enzymes activation, and the creation of
proteins and carbohydrates
(Hasanuzzaman et al., 2018; Wang et al.,
2013). The enhancement of plant growth
parameters such as number of leaves, plant
fresh weight, dry matter and leaf area by
potassium application could be due to its
role in a variety of key processes, including
the usage of nitrogen, protein biosynthesis,
cell development, and cell expansion
(Coskun et al., 2017; Rani et al., 2021). In
agreement with our results, previous study
found that high rates of potassium
fertilizers improved plant growth (height,
fresh weight, and dry weight) of wheat (El-
Mageed et al, 2023) and chlorophyll
content of strawberry leaves (Nakro et al.,
2023). Recent work has demonstrated that
silicon has a variety of effects on plants'
morphology and physiology (Bao-shan et
al., 2004), including enhancing plant
growth and yield of some plants such as
maize and tomatoes (Siddiqui and Al-
Whaibi, 2014; Suriyaprabha et al., 2014).
In agreement with the outcomes of this
study, Suriyaprabha et al. (Suriyaprabha
et al., 2012) found that silicon application
in the form of nano increased plant fresh
weight of maize plants. Also, silicon
fertilizer increased the plant growth of rice
(Pati et al., 2016), leaf area and dry matter
of wheat (Gong et al., 2003), leaf area of
sorghum (Ahmed et al., 2011)
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Figure 1: Effect of calcium chloride and potassium silicate on the number of leaves in both
seasons of the study. Different letters above the columns showed the variances between
applications (LSD test at p < 0.05). A standard deviation is presented as vertical bars.

1.40

M Calcium chloride (0.5 %)
M Calcium chloride (1 %)

M Calcium chloride (2 %)

1 Potassium silicate (0.4 %)
B Potassium silicate (0.6%)
B Potassium silicate (0.8%)

M control

Crown diameter (cm)

First season Second season

Figure 2: Effect of calcium chloride and potassium silicate on the crown diameter of
strawberry plant leaves in both seasons of the study. Different letters above the columns
showed the variances between applications (LSD test at p < 0.05). A standard deviation is
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Figure 3: Effect of calcium chloride and potassium silicate on the plant fresh weight in both
seasons of the study. Different letters above the columns showed the variances between
applications (LSD test at p < 0.05). A standard deviation is presented as vertical bars.
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M Potassium silicate (0.6%)
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Figure 4: Effect of calcium chloride and potassium silicate on the leaf area of strawberry plant leaves
in both seasons of the study. Different letters above the columns showed the variances between
applications (LSD test at p < 0.05). A standard deviation is presented as vertical bars.

10.00
ab a h ah abcab  .,..a 2 M Calcium chloride (0.5 %)
—~ 8.00 T
X M Calcium chloride (1 %)
P
& 6.001 M Calcium chloride (2 %)
g 4.00 - 1 Potassium silicate (0.4 %)
a 5.00- B Potassium silicate (0.6%)
M Potassium silicate (0.8%)
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Figure 5: Effect of calcium chloride and potassium silicate on the dry matter of strawberry plant
leaves in both seasons of the study. Different letters above the columns showed the variances between
applications (LSD test at p < 0.05). A standard deviation is presented as vertical bars.
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Only the application of potassium silicate at
a rate of 0.8 % significantly enhanced
chlorophyll percentage in the strawberry
leaves compared to the other treatments or
the control in the first year of study (Figure
6). However, in the second year, both 1%
calcium chloride and 0.6 % potassium
silicate applications significantly enhanced

chlorophyll percentage in the strawberry
leaves compared to the other treatments or
the control potassium application enhances
the efficiency of chlorophyll, which is the
primary component of chloroplasts, leading
to an increase in photosynthesis (Rani et al.,
2021).

60.00

Chlorophyl reading (SPAD)

First season

Second season

M Calcium chloride (0.5 %)

M Calcium chloride (1 %)

M Calcium chloride (2 %)
Potassium silicate (0.4 %)

M Potassium silicate (0.6%)

B Potassium silicate (0.8%)

M control

Figure 6: Effect of calcium chloride and potassium silicate on the chlorophyll reading of strawberry
plant leaves in both seasons of the study. Different letters above the columns showed the variances
between applications (LSD test at p < 0.05). A standard deviation is presented as vertical bars.

Effect of calcium chloride and potassium
silicate on fruit characteristics and yield
Fruits diameter of strawberry plants
treated with either 1% calcium chloride or
0.6 % potassium silicate was higher than
that of the control plants in the first season
of study (Figure 7). In the second year, our
results indicated that only 1% calcium
chloride treatment significantly increased
fruits diameter compared with the control
samples. Fruit length was significantly
increased by all treatments in both years
except the application with 2 % calcium
chloride in the second year (Figure 8). The
most effective treatments for increasing
fruit length were 1% calcium chloride
followed by 0.8 potassium silicate in both
years. The results in Figure 9 showed that

fruit weight that obtained from plants that
were treated with either 1 % calcium
chloride or 0.6 % and 0.8 % potassium
silicate were higher than those obtained
from control plants in both years. Based on
the data in Figure 10 and 11, it appears that
the application of either calcium chloride or
potassium silicate at different
concentrations resulted in higher total yield
and marketable yield compared with the
control in the two years of the study.
Additionally, the highest total and
marketable yield were observed in the
0.8 % potassium silicate treatment
compared with other treatments and the
control.

Potassium is crucial for the development of
yield and the improvement of quality for
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crops (Oosterhuis et al., 2014) that could
be due to the role of potassium in cell
division and elongation, which is a crucial
step in the growth and yield production of

crops (Hepler et al., 2001; Hu et al., 2016).

In this study, calcium application increased
the marketable yield. In accordance with
previous result, it has been found that
calcium application before harvest reduced
the misshape of tomato fruits, which led to

a higher marketable yield (Navarro et al,
2005). Previous study recorded the positive
effect of silicon fertilizer in increase the
yield and production of maize (Kaya et al.,
2006). The role of silicon application in
enhance yield might be due to its role for
increasing photosynthetic rates,
photochemical efficiency, and nutrients
uptake and balance (Chen et al., 2011;
Wang et al., 2021).

6.00

5.00

B Calcium chloride (0.5 %)

Fruit diameter (cm)
w
o
o
l

First season

Second season

M Calcium chloride (1 %)
I Calcium chloride (2 %)
1 Potassium silicate (0.4 %)
B Potassium silicate (0.6%)
M Potassium silicate (0.8%)

2 control

Figure 7: Effect of calcium chloride and potassium silicate on the fruit diameter in both seasons of the
study. Different letters above the columns showed the variances between applications (LSD test at p <
0.05). A standard deviation is presented as vertical bars.

Fruit length(cm)

First season

Second season

M Calcium chloride (0.5 %)
M Calcium chloride (1 %)

M Calcium chloride (2 %)

[T Potassium silicate (0.4 %)
B Potassium silicate (0.6%)
B Potassium silicate (0.8%)

M control

Figure 8: Effect of calcium chloride and potassium silicate on the fruit length in both seasons of the
study. Different letters above the columns showed the variances between applications (LSD test at p <
0.05). A standard deviation is presented as vertical bars.
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W Calcium chloride (0.5 %)
M Calcium chloride (1 %)

M Calcium chloride (2 %)

% Potassium silicate (0.4 %)
M Potassium silicate (0.6%)
B Potassium silicate (0.8%)
[ control

Fruit weight (g)

First season Second season

Figure 9: Effect of calcium chloride and potassium silicate on the fruit weight in both seasons of the
study. Different letters above the columns showed the variances between applications (LSD test at p <
0.05). A standard deviation is presented as vertical bars.

M Calcium chloride (0.5 %)
M Calcium chloride (1 %)

M Calcium chloride (2 %)

7 Potassium silicate (0.4 %)
M Potassium silicate (0.6%)
M Potassium silicate (0.8%)

Total yield (kg/m2)

M control

First season Second season

Figure 10: Effect of calcium chloride and potassium silicate on total yield in both seasons of the study.
Different letters above the columns showed the variances between applications (LSD test at p < 0.05).
A standard deviation is presented as vertical bars.
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2.00
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Marketable yield (Kg/m2)

0.00 -

First season

Second season

M Calcium chloride (2 %)

% Potassium silicate (0.4 %)
B Potassium silicate (0.6%)
M Potassium silicate (0.8%)

M control

Figure 11: Effect of calcium chloride and potassium silicate on the marketable yield in both
seasons of the study. Different letters above the columns showed the variances between
applications (LSD test at p < 0.05). A standard deviation is presented as vertical bars.

Effect of calcium chloride and potassium
silicate on fruits weight loss, TSS, and
firmness during shelf-life

According to Figure 12, the highest
weight loss percentage in both years was
observed in the control (7.17%), while the
lowest weight loss percentage was observed
in the 1% calcium chloride treatment
(2.62%). Total soluble solids were not
significantly influenced by all treatments
compared to the control in both seasons
(Figure 13). However, after 7 days of cold
storage, the 1% calcium chloride treatment

showed the highest TSS values in the first
season of study, while in the season of
study, the 1% and 2% calcium chloride and
0.8% potassium silicate treatments showed
the highest TSS values. Figure 14 show that
the 1% calcium chloride treatment recorder
firmer fruits than all other treatments while
the control recorded the lowest values in
both years of study. After 7 days of storage,
0,6 % and 0.8% potassium silicate
treatments showed higher hardness than the
control.

W 0.5%Ca

W1%Ca

Weight loss (%)

First season

After 7 days from storage at 10° C

M2%Ca

7 0.4 % K-Si
M 0.6 % K-Si
M 0.8 % K-Si
& Control

Second season

Figure 12: Effect of calcium chloride and potassium silicate on weight loss of fruits in both seasons of
the study. Different letters above the columns showed the variances between applications (LSD test at
p <0.05). A standard deviation is presented as vertical bars.
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5 T' W1%Ca
X . 6
a4 M2 %Ca
C 3 7 0.4 % K-Si
2+ . M 0.6 % K-Si
1 | M 0.8 % K-Si
0 . & Control

0 day 7 day

Second season

Figure 13: Effect of calcium chloride and potassium silicate on the fruit TSS in both seasons of the
study kept at 10°C for 7 days. Different letters above the columns showed the variances between
applications (LSD test at p < 0.05). A standard deviation is presented as vertical bars.

Both respiration and transpiration cause
weight loss of horticultural crops (Shafiee
et al, 2010). In our study, calcium
fertilizer reduced weight loss after 7 days
from storage. Previous works reported that
membrane  fruit's  functionality and
integrity are maintained by calcium
application resulted in lower weight loss
(Moradinezhad and Dorostkar, 2021). In
agreement of our results, previous works
found that pre-harvest calcium application
reserved the firmness and TSS of
strawberry  fruits compared to non-
fertilized plants (Cvelbar Weber et al.,
2021; Wéjcik and Lewandowski, 2003).
It has been recorded that calcium is a vital

divalent cation plant nutrient needed for
cellular membrane and cell wall
construction (Nguyen et al, 2020). It has
been reported that plants received calcium
had higher firmer fruits than non-received
plants (Naradisorn et al., 2006). This
result might be due to the fact that calcium
plays an imperative role in the formation of
the middle lamella and controls the
stability of pectin—protein complexes
(Wéjcik and Lewandowski, 2003).
Additionally, it has been found that
calcium application increased the shelf-life
of strawberry fruits (Chéour et al., 1990;
Tomala, 1997; Wojcik and

Lewandowski, 2003).
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W05%Ca
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M 0.8 % K-Si
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Second season

Figure 14: Effect of calcium chloride and potassium silicate on the fruit firmness in both seasons of
the study kept at 10°C for 7 days. Different letters above the columns showed the variances between
applications (LSD test at p < 0.05). A standard deviation is presented as vertical bars.

Effect of calcium chloride and potassium
silicate on vitamin C, titratable acidity,
total sugar, and phenolic compounds
Data in Figure 15 indicates that the
highest vit. C contents were achieved by the
0.6% potassium silicate treatment at harvest
time in both years, while the control
treatment recorded the lowest values. After
7 days of storage, all applications presented
higher vit. C contents than the control
treatment in the first year, while the
variances were not significant in the second
year. The acidity content in strawberry
fruits decreased by increasing the storage
period (Figure 16). At harvest time in both
years, the control treatment showed the
lowest acidity values, but the difference
between treatments was not significant.
Both 1 and 2 % of calcium chloride
treatments increased acidity compared with
the control at harvest time. After 7 days of
storage, there was no significant difference
between treatments in the first year. In the
second year, the highest acidity content was
recorded in fruits that were treated with
0.6 % potassium silicate, while the control
showed the lowest acidity content. Our
results in Figure 17 show that the total
sugar increased after 7 days of storage
compared to harvest time. At harvest time,

all treatments significantly increased total
sugar compared with the control in both
years. After 7 days of storage, 2 % calcium
chloride and 0.6 % potassium silicate
treatments showed the highest content of
total sugar compared with the control in
both seasons. The influence of calcium
chloride and potassium silicate applications
on total phenols is presented in Figure 18.
The results indicate that all treatments
didn’t affect the total phenol content in
strawberry fruits in both years, either at
harvest time or after 7 days of storage.

In this study and previous studies,
found that silicon fertilizer enhanced the
quality and postharvest behavior of
horticultural crops. For example, previous
work found that increasing silicon fertilizer
doses increased TSS and vitamin C
contents in tomato fruits (Marodin et al.,
2016). Increasing TSS with silicon fertilizer
might be related to increasing the rate of
photosynthetic efficiency, which increases
the accumulation of TSS in fruits (Al-
aghabary et al., 2005). Increasing fruits
firmness by silicon application was also
reported previously in tomatoes (Marodin
et al., 2016; Stamatakis et al., 2003). The
role of silicon fertilizer in increase fruits
firmness might be due to the deposition of

748



Shereen S. F. EL-Sayed, et al.

FJARD VOL. 37, NO. 4. PP. 736-759 (2023)

silicon in the cell wall resulted in thicker
cell walls (Almeida et al., 2009)

It has been well known that higher yields,
fruit size, TSS content, vitamin C, shelf life,
and quality parameters have all been linked
to adequate potassium nutrition in some
crops such as cantaloupe and tomatoes
(Kanai ef al, 2007; Lester ef al., 2005). In
accordance with our results, a previous
study found that potassium fertilizer
increases muskmelon firmness (Jifon and
Lester, 2009). It could be that potassium
application increases fruit firmness due to
the increased integrity of the cell wall and
enhances the movement of calcium into
fruits (Jifon and Lester, 2009).

In agreement with our results, previous
works recorded that calcium application
before harvest increased the acidity, TSS,
ascorbic acid of strawberry fruits (Singh et
al, 2007; Wéjcik and Lewandowski,
2003). This could be as a result of the
ability of calcium to slow down fruit

ripening and senescence (Sharma et al.,
2006). Additionally, it has been found that
calcium treatment preserved total sugar in
strawberry fruits during cold storage
(Amiri et al., 2022).

In agreement with our results, previous
work found that potassium fertilizer
increased the chemical compounds of
muskmelon fruits, including vitamin C,
which might be due to the enhancement of
enzyme activation of the formation of
vitamin C (Jifon and Lester, 2009). This
study found that potassium silicate fertilizer
enhanced sugar content in strawberry fruits.
This finding may be connected to
potassium's effects on enhanced the
photosynthesis  process and  sugar
accumulation, enhanced transport of sugar
from leaves to fruits, enhanced enzyme
activity, and improved the relations
between fruit and water (Beringer et al.,
1986; Terry and Ulrich, 1973).

Vitamin C (mg/100g)

0 day 7 day

First season

M 0.5%Ca

M1%Ca

M 2%Ca
0.4 % K-Si

M 0.6 % K-Si

M 0.8 % K-Si

M Control

0 day 7 day

Second season

Figure 15: Effect of calcium chloride and potassium silicate on the fruit vitamin C in both seasons of
the study kept at 10°C for 7 days. Different letters above the columns showed the variances between
applications (LSD test at p < 0.05). A standard deviation is presented as vertical bars.
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Figure 16: Effect of calcium chloride and potassium silicate on the fruit treatable acidity in both
seasons of the study kept at 10°C for 7 days. Different letters above the columns showed the variances
between applications (LSD test at p < 0.05). A standard deviation is presented as vertical bars.
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Figure 17: Effect of calcium chloride and potassium silicate on the fruit total sugar in both seasons of
the study kept at 10°C for 7 days. Different letters above the columns showed the variances between
applications (LSD test at p < 0.05). A standard deviation is presented as vertical bars.
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Figure 18: Effect of calcium chloride and potassium silicate on the fruit total phenols in both seasons
of the study kept at 10°C for 7 days. Different letters above the columns showed the variances between
applications (LSD test at p < 0.05). A standard deviation is presented as vertical bars.
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Effect of calcium chloride and potassium
silicate on total anthocyanin, total
antioxidants, poly phenol oxidase activity,
and peroxidase activity

The total anthocyanin in strawberry
fruits increased after 7 days of storage
compared with the harvest time (Figure 19).
At harvest time in both years, all calcium
chloride ~ concentrations  significantly
increased the total anthocyanin content
compared to the control, while there was no

significant difference between all the
potassium silicate treatments and the
control. After 7 days of storage, there was
no significant difference between all
treatments in both years. Previous study
stated that the strawberry samples treated

with  calcium  had  the  greatest
concentrations of anthocyanins, which
indicated  higher redness, which is

consistent with our finding (Amiri et al.,
2022)

45.00

40.00

W 0.5%Ca

Total anthocyanin (mg/100g)
N
(93]
o
o
1

First season

Hi1%Ca
m2%Ca

1 0.4 % K-Si
M 0.6 % K-Si
M 0.8 % K-Si
[ Control

Second season

Figure 19: Effect of calcium chloride and potassium silicate on the fruit total anthocyanin in both
seasons of the study kept at 10°C for 7 days. Different letters above the columns showed the variances
between applications (LSD test at p < 0.05). A standard deviation is presented as vertical bars.

90.00 {
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Figure 20: Effect of calcium chloride and potassium silicate on the fruit total antioxidant in both
seasons of the study kept at 10°C for 7 days. Different letters above the columns showed the variances
between applications (LSD test at p < 0.05). A standard deviation is presented as vertical bars.
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Figure 21: Effect of calcium chloride and potassium silicate on the activity of poly phenol oxidase
(PPO) in both seasons of the study kept at 10°C for 7 days. Different letters above the columns
showed the variances between applications(LSD test at p < 0.05). A standard deviation is presented as

vertical bars.
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Figure 22: Effect of calcium chloride and potassium silicate on the activity of the peroxidase enzyme
(POD) in both seasons of the study kept at 10°C for 7 days. Different letters above the columns
showed the variances between applications (Duncan test at p < 0.05). A standard error is presented as

vertical bars.

The results in Figure 20 show that all
treatments significantly increased
antioxidant capacity at harvest time in both
years compared to the control treatment.
However, after 7 days of storage, there was
no significant difference between all
treatments in both years. The PPO activity
was not significantly affected by any
treatments at harvest time in both years
(Figure 21). At harvest time in both years,
all treatments showed higher POD activity
than the control (Figure 22). However, the
difference was not significant after 7 days
of cold storage.

In agreement with our results, it has
been found that pre-harvest calcium

application increased antioxidant capacity
in fruits compared to the control (Ranjbar
et al.,, 2018). Enhancing the content of
antioxidant capacity by calcium application
could be due to the role of calcium in
reduces respiration rate and ethylene
production resulted in less antioxidant
capacity loss (Lester and Grusak, 1999).
The increase of POD activity by calcium
treatment was recorded in our study. In
agreement with this result, it has been
found that pre-harvest calcium application
increased POD activity in  broccoli
microgreens (Kou et al., 2014).
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Correlation study

The  correlation  study  was
performed to show the relation and
correlation between the tested parameters in
two seasons (Figure 23A, B). The results
indicated that both seasons had the same
trend of the results. In the first season
(Figure 23A), for example, there was a
strong positive correlation between plant
weight and other parameters including leaf
number, crown diameter, and leaf area. In

was positively correlated with leaf number,
total yield, marketable yield, leaf area, fruit
weight, TSS, and total phenols. The most
important parameter is the total yield which
was positively correlated with dry matter,
leaf area, TSS, total sugar, total antioxidant,
PPO, and POD in the first season, while in
the second season, total yield was
correlated positively with dry matter, leaf
area, fruit weight, TSS, total antioxidant,
PPO, and POD.

the second year (Figure 23B), plant weight
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Figure 23. Correlation (Person test) between the tested parameters in the first season (A) and the

second season (B).
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CONCLUSION:

In the current study, we have
evaluated the impact of pre-harvest calcium
chloride and potassium silicate treatments
on strawberry’s yield and postharvest
quality. Our findings show that calcium
chloride and potassium silicate applications
considerably increased growth, yield, and
fruit quality. In comparison to control that
were sprayed with water, calcium-treated
plants produced firmer fruits and decrease
the weight loss during shelf-life. Potassium
silicate application increased total sugar,
total anthocyanin, and vitamin C. The
results of this study show the value of
calcium and potassium in enhancing
strawberry yield as well as postharvest
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