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Abstract. Sweet cherry is a very sensitive fruit. It is essential to ensure quality fruit production during
cultivation. In sweet cherries, it is possible to prevent fruit loss by increasing the quality and post-harvest
strength through pre-harvest applications during cultivation. The use of silicon can positively affect fruit
quality in the harvest and post-harvest stages. In this study, calcium silicate (CazSiO3), potassium silicate
(K2Si03), and silicon dioxide (SiO,) were applied thrice to the cherry trees, at doses of 5 mM, 10 mM,
and 15 mM. Measurements and analyses of the fruits were performed during and after the harvest, after
two days of shelf life. The other fruits were stored using modified atmosphere packaging, at 0 + 0.5°C
and 90%-95% relative humidity for 2 and 21 days, and the quality characteristics were determined after
two days of shelf life. Coloration progresses during ripening in cherries, with a decrease in C* and h°
values. The chlorophyll content in the leaves increased with the application of silicon K;SiOz which also
increased fruit firmness. Silicon application in cherries increases the fruit’s weight and size as well as the
amount of total soluble solids and phenol content, especially 5 mM and 10 mM SiO, applications.
Keywords: cherry, fruit quality, preharvest spray, shelf life, silisium

Introduction

Silicon is an element that is available abundantly in the earth’s crust at 28%, in soil
solution at 3%-17%, and in the dry weight of land plants at 0.1%-10% depending on the
species (Epstein, 1995; Ma and Takahashi, 2002; Liang et al., 2008). In nature, it is
usually present in the form of Monosilicic acid (H4SiO4) and is taken up directly by plants
in the form of silicic acid. Silicon is not regarded as an essential plant nutrient according
to the classical criteria proposed by Arnon and Stout (1939). However, silicon has been
officially declared a “beneficial nutrient for plants,” by the American Association of Plant
Food Control Officials (AAPFCO) and may be listed on the fertilizer labels (Heckman,
2013). According to the new definition, for an element to be a plant nutrient, first, it must
be one of the internal components of the plant structure, and second, abnormalities in
growth, development, and reproduction must occur with its deficiency (Epstein and
Bloom, 2005). Based on the conducted studies, the new definition suggests that silicon is
an essential element for plants, as its deficiency is associated with different abnormalities
in plants (Rafi et al., 1997; Epstein, 1999; Ma and Takahashi, 2002; Ma et al., 2007).

Silicon is the only element that enhances resistance to abiotic and biotic stress
conditions and confers resistance to multiple stress conditions (Ma, 2004). Silicon has
positively affected the growth and development in many plants under stress conditions
(Ma and Yamaji, 2008).

It is known that silicon improves photosynthetic activity; ensures the erectness of leaves
and water balance, in the xylem tubes; increases drought tolerance; leaf water potential,
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productivity; resistance to diseases and pests; reduces the toxic effect of minerals; provides
nutrient balance; increases the amount of dry matter; and provides resistance to cold stress
(Matoh et al., 1991; Melo et al., 2003; Ma, 2004; Gong et al., 2011). Polymerized silicon
oxide (SiO) particles, that is, opaline phytoliths, provide stiffness and mechanical
resistance to the walls of plant cells (Raven, 1983; Piperno et al., 2002; Ma, 2004). The
cuticle layer of the leaves thicken with silicon accumulation. It has been determined that
transpiration decreases in many plants with silicon treatment (Agarie et al., 1998). It is
hypothesized that this effect may be attributed to the reduction in transpiration rate through
the cuticular layers that have been thickened by silicon deposits (Savant and Korndorfer,
1999). Silicon is taken up by the leaves, branches, shoots, and roots of plants and it
strengthens the cell wall, thickens the leaf cuticle, and increases photosynthetic activity and
plant growth (Gao et al., 2004). With the use of silicon, many dicotyledons react positively
to abiotic and biotic stress conditions (Ma, 2004; Fauteux et al., 2005). Silicon application
in fruit growing is rare, where K,SiOs is generally used.

The use of silicon in fruit growing is very limited. Positive effects have been observed
in mango, loquat, apple, and apricot fruits with pre-harvest silicon applications. An
increase in chlorophyll content and unsaturated fatty acids is observed following K2SiO3
applications in strawberries; a decrease in antioxidant enzymes in mango leaves. Also, an
increase in fruit quality is observed with K>SiOz application in mango cultivation. K2SiO3
application in loquat increased the fruit size, yield, and fruit quality characteristics.
K2SiOs application in strawberries decreased the transpiration rate and increased the water
use efficiency. K2SiOsz application in apples increased the fruit weight, fruit size, and shelf
life. K2SiOs application in apricot increased the characteristics of the fruit quality and
content of mineral matter in the leaves (Wang and Galletta, 1998; Gawad, 2017; Helaly et
al., 2017; El Kholy et al., 2018; Dehghanipoodeh et al., 2018; Jaishankar et al., 2018).

Tiirkiye is the top cherry fruit producer in the world with a cultivation volume of
656.041 tons and exported 57290 tons of cherry to world (FAO, 2024). The variety,
‘0900 Ziraat’ is a unique one exported by Tiirkiye and known all over the world as the
Turkish sweet cherry and is a profitable investment opportunity because of its price and
export potential (Erogul, 2018). Consumer acceptance of sweet cherries appears to be
most related to sweetness, fruit size, flavor intensity, firmness and skin color (Sloulin,
1990; CIiff et al., 1996; Crisosto et al., 2003). The most preferable cherries are sweet,
but fruits with not very sweet taste, large fruit size, red color, reniform fruit shape and
medium long stalk are also preferred (Bujdoso et al., 2020).

Cherry is a fruit that has a significant place in domestic and foreign markets; it is
difficult to produce and harvest, it is sensitive, and has limited post-harvest strength.
Until now, there have been no studies on silicon use in cherries. In this study, silicon
treatment has been applied to improve the quality of the cherries and to maintain this
quality all through the export route, until it reaches the consumer. It is the aim of this
study to determine the effects of this application on the changes in quality of the
cherries at harvest and post harvest.

Materials and method
Materials

A commercial orchard (in Manisa, Tiirkiye) provided the cultivar “0900 Ziraat” of
sweet cherries (Prunus avium L.). The study was carried out on the “0900 Ziraat”
cherry cultivar grafted on a nine-year-old Gisela 6 rootstock. The planting intervals of
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the trees were 2.5 x 5 meters and the Kordia, Starks Gold, and Regina varieties were
used as pollinators. The cherry orchard was covered with a hail net. The orchard was
exposed to the customary cultural procedures in the region, including summer pruning
and drip fertigation, cultivation and pest management.

Method
Fruit treatments

Three different silicon sources were used in the study: calcium silicate (CazSiOs3),
potassium silicate (K>SiO3), and silicon dioxide (SiO.). The study was established
according to the randomized block design, with four replications and each of the three
cherry trees were considered as one replicate. In each replicate, 2-2.5 kg of fruit was
harvested, to represent the different aspects of fruits from each tree replicate. Foliar
applications of CazSiOs, K2SiOgz, and SiOz, at doses of 5 mM, 10 mM, and 15 mM were
applied to cherry trees during three periods immediately after fruit set, when the fruits
were chickpea-sized, and at the color turning stage. Using a pneumatic backpack
sprayer, treatments (10 L per tree) were applied, and spraying was done, to completely
saturate the leaves. In the late afternoon, foliar sprays were administered with a
backpack sprayer. In all treatments, including the control, a surfactant (Nu-Film-17®,
Miller Chemical Corp., USA) was applied at 0.04%. Foliar application to cherry trees is
explained in the following section.

Control (sprinkled with water)

5 mM calcium silicate application (5 mM CazSiOs)

10 mM calcium silicate application (10 mM CaxSiOz)
5 mM calcium silicate application (15 mM Ca2SiOz)

5 mM potassium silicate application (5 mM K3SiOz)
10 mM potassium silicate application (10 mM K2SiOs)
15 mM potassium silicate application (15 mM K2SiOs)
5 mM silicon dioxide application (5 mM SiO»)

10 mM silicon dioxide application (10 mM SiOy)

0. 15 mM silicon dioxide application (15 mM SiOz)

RBROOo~NoGO~WONE

The cherries were hand-picked when they were ready to be marketed. The fruits were
arranged in 5 kg plastic boxes. They were then quickly transported in a refrigerated
truck to the university’s post-harvest lab, where they were chosen for their uniform size,
disease-free status, lack of mechanical damage, and healthy greenish stems.

The cherry fruits were pre-cooled with water to reduce the core temperature to 2°C.
Some of the fruits were separated and kept on the shelf (20°C temperature and 65%—
75% relative humidity) for two days, and then measured and analyzed. Another part of
the cherry fruits was placed in a modified atmosphere package (MAP) (LifePack,
Aypek Ltd., Bursa, Tirkiye) and sealed with clips. The cherries were stored at
0+ 0.5°C and 90%—-95% relative humidity, for 21 days. After opening the packages of
the samples collected weekly and keeping them on the shelf life for two days, they were
measured and analyzed.

Fruit quality parameters

The average fruit weight was determined by weighing 30 cherry fruits from each
replicate with a precision balance (XB 12100, Presica Instruments Ltd., Switzerland)
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sensitive to 0.05 g, and dividing the weight by the total number of fruits. The fruit
width, fruit length, and fruit stem length were measured with a digital caliper,
sensitive to 0.01 mm. The firmness of the cherry fruits was measured from one side of
the equatorial region of them using a fruit texture analyzer (Fruit Texture Analyzer,
GS-15, GUSS Manufacturing Ltd., South Africa) with a 6.0 mm diameter tip,
immersed to a depth of 8 mm, at a speed of 10 cm/min. All measurement results were
given in Newton’s (N) force. The breaking force of cherry fruits was measured with a
dynamometer (Somfy Tec., France), by breaking 20 cherry fruits, taken randomly
from each replicate. Weight loss was determined by weighing the cherry fruits before
storage and again after storage and shelf life, using a scale (XB 12100, Presica
Instruments Ltd., Switzerland), with a precision of 0.05 g. The results were
determined as a percentage (%).

With the use of a colorimeter (CR-300, Minolta Co, Osaka, Japan), which produced
CIE L*, a*, and b* values, the color of the fruit flesh and skin was measured on the two
sides of the equator of 15 different fruits. A light—dark color value from 0 (black) to 100
(white), a green—red color value from - 60 (green) to + 60 (red), and a blue-yellow color
value from - 60 (blue) to + 60 (yellow) were represented by the letters L*, a*, and b*,
respectively. These values were then used to determine the hue angle (h° =tan?
[b*/a*]), which was given in degrees: 0° (red—purple), 90° (yellow), 180° (bluish
green), and 270° (blue), as well as chroma (C* = [a*? + b*?]*2), which represented the
intensity or color saturation (McGuire, 1992).

As previously documented Singh et al. (2009), the titratable acidity (TA) and total
soluble solid content (TSS) of the juice derived from 10 fruits was measured. Using a
temperature-compensated digital refractometer (PR-1, Atago, Tokyo, Japan), the juice
TSS was calculated and represented as a percent. Ten milliliters of juice with 0.1 N
NaOH was titrated until the endpoint pH reached 8.1. TA was calculated and converted
into a percentage of malic acid.

Thaipong et al. (2006) method was used to prepare fruit extracts, with some
alterations for antioxidant activity and total phenol content analysis. With a 120-min
incubation period for color development, the Folin-Ciocalteu method established by
Swain and Hillis (1959) was used to quantify the total phenol content. Using a
spectrophotometer (Cany 100 Bio, Varian, Mulgrave, Australia) to measure the
absorbance at 725 nm, the data were represented as mg gallic acid equivalent
(GAE)/100 g fresh weight (FW), using a reference curve for gallic acid (0-0.1 mg/mL).

In accordance with Benzie and Strain’s (1996) earlier instructions, the ferric reducing
ability of plasma (FRAP) assay was performed. This approach increased absorbance at
593 nm by converting a Fe (I1l)/tripyridyl triazine complex to its blue ferrous state by
the action of reductants (antioxidants) in the sample. Using a Trolox (25-500 pmol)
standard curve, the final results were reported in umol Trolox equivalents (TE)/g fresh
weight (FW).

Leaf chlorophyll content (mg/kg) was calculated by taking 0.25 g of the sample from
the middle part of 10 randomly selected leaves of the same plant from each replicate
and homogenized with 80% acetone. The resulting solution was taken into a 50 ml
flask, made up to 50 ml with acetone, and shaken well. The sample was then filtered
using filter paper and the filtrates were transferred to a spectrum cuvette and read at
663 nm and 645 nm wavelengths. The values obtained were calculated according to the
formula below and the total chlorophyll, chlorophyll a, and chlorophyll b values were
calculated in mg/kg (Arnon, 1949).

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 22(5):4693-4707.
http://www.aloki.hu e ISSN 1589 1623 (Print) ¢ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/2205_46934707
© 2024, ALOKI Kft., Budapest, Hungary



Karaagra - Erogul: Determination of the effect of silicon foliar application on the quality and post harvest resistance of sweet cherry
- 4697 -

Statistical analyses

The data obtained from the experiment were subjected to analysis of variance
(ANOVA) using the IBM® SPSS® Statistics 19 (IBM, NY, USA) statistical package
software. Differences between the averages after shelf storage, in addition to each
storage period, were determined by the Duncan test (p < 0.05).

Results

Fruit weights increased with all Ca>SiOz treatments, and 10 mM K>SiOs, 5 mM SiOo,
and 10 mM SiO; treatments (Fig. 1). Control fruit weights were between 8.46 and 8.69
g, with 5 and 15 mM K;3SiOs treatments. All of the Ca;SiO3 treatments and 10 mM
K2SiOz treatments had a high fruit weight of about 10 g. Fruit weights in 5 mM SiO>
(10.81 g) and 10 mM SiO> (10.59 g) treatments were higher than 10 g.

14

12

10 [ T T -

Weight (g)

Controo 5mM 10mM 15mM 5mM 10mM 15mM S5mM 10mM 15mM
Ca2Si03 Ca2Si03 Ca28i03 K2Si0O3 K2Si03 K2Si03 Si0O2 Si02 Sio2

Treatments

Figure 1. Effects of foliar silicon treatments on average fruit weight

The effects of foliar silicon applications on the width, length, stem length, breaking
force, and firmness of cherry fruits are given in Table 1. In all treatments, except the
control and 5 mM K;SiOs treatment, the fruit width of the cherry was approximately
26 mm and above. In 5 mM SiO; (28.00 mm), 10 mM CazSiO3 (27.74 mm), and 10 mM
SiO2 treatments, it was found to be 27.65 mm. Likewise, the fruit length of these
treatments was also high, between 25.26 mm and 25.62 mm.

Fruit widths in 5 and 15 mM Ca:SiOs and 10 mM K3SiOs treatments were
determined to be between 26.15 mm and 26.54 mm. The width of the 5 mM SiO»-
treated cherry fruits was the highest (28.00 mm) and the length of the 5 mM SiO»-
treated cherry fruits was the highest (25.62 mm). Compared to the control, the 5 mM
SiO; treatment increased fruit width by 13.82%, 10 mM SiO; treatment increased fruit
width by 12.39%, and 10 mM Ca,SiOs treatment increased fruit width by 12.76%. The
fruit length was increased with silicon treatments. Compared to the control, 5 mM SiO>
application increased fruit length by 11.85%, 10 mM SiO2 increased it by 10.11%, and
10 mM CazSiOs increased it by 9.59%.
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The effects of foliar silicon applications on the stem length and breaking force of
cherry fruits during the growing period did not show significant differences. The
firmness of the cherry fruits treated with 10 mM K>SiOz was the highest, with a value of
12.92 N, while the firmness of cherry fruits treated with 5 mM SiO; and 10 mM SiO;
was similar to the 10 mM K>SiOz treatment, and the firmness of the fruits was 12.52 N
and 12.62 N, respectively. The firmness after the other treatments was found to be
between 11.70 and 12.28 N.

Table 1. The effects of foliar silicon applications on the width, length, stem length, fruit
removal force, and firmness of cherry fruits

Applications Fruit width Fruit length Stem length | Fruit removal Firmness (N)
(mm) (mm) (cm) force (g)

Control 24.60 f™ 22.94 5.62NS 487 NS 12.07 bc”

5 mM CazSiO; 26.46 bd 24.18 ce 5.27 480 12.05 bc
10 mM CaSiO3 27.74 ab 25.14 ac 5.18 489 12.02 bc
15 mM CazSiO3 26.15 ce 24.46 bd 5.35 472 11.70 ¢
5 mM K;SiO3 25.04 ef 23.18 ef 5.54 484 12.05 bc
10 mM K3SiO; 26.54 bd 24.09 de 5.28 505 1292 a
15 mM K3SiO; 25.91 de 23.61 df 5.62 486 12.02 bc
5 mM SiO; 28.00a 25.66 a 5.49 492 12.52 ab
10 mM SiO; 27.65ab 25.26 ab 5.51 484 12.62 ab
15 mM SiO; 25.71 de 23.88 df 5.57 470 12.28 ac

z Means separation within columns by Duncan’s multiple range test. P <0.05
NS =+ ** Nonsignificant or significant at P < 0.05. or 0.01, respectively

The TSS content of the fruits increased with silicon treatments (Table 2). The
treatments with the highest amount of TSS content were found to be the 5 mM Ca,SiO3
and the 5 and 10 mM SiO: treatments. Silicon treatments increased the amount of TSS
to between 14.18% and 27.22% compared to the control. This increase was higher in
calcium silicate and silicon dioxide treatments. In this study of silicon treatments in
cherries. The TSS content of cherries in control fruits was within the consumer
acceptance of 14.80% and the TSS content of cherries with silicon treatments increased
and was found between 16.90%-18.83%.

The TA content of cherry fruits also increased with silicon treatments (Table 2). The
TA content of the cherry fruits treated with 5 mM Ca»SiOs (1.89 g/100 mL). which had
the highest TSS content was also found to be high. The 5 mM (1.58 g/100 mL) and
10 mM K>SiOs (1.49 g/100 mL) treatments also yielded a high TA content. However,
the TA content of all SiO treatments and 15 mM K>SiOs treatments were in the lower
group (1.18-1.32 g/100 mL), but still higher than the control (1.06 g/100 mL).

The effects of the treatments on C* value, which expresses the brightness—darkness
of cherry fruits, and h® value. Which expresses color saturation, were statistically
significant. The C* value of silicon-treated cherry fruits (31.20-37.24) was lower than
the control (43.17). Especially the C* value of the SiO.-treated cherry fruits was found
to be the lowest. In general, the h° value of the control fruits (24.86) was higher than
that of the silicon-treated fruits (Table 2).

The total phenol content of cherry fruits increased with silicon treatments. Also
5 mM SiO; application yielded very high phenol contents. The effects of different foliar
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silicon applications on the antioxidant activity of cherry fruits during the growing
period were similar to each other. Chlorophyll contents increased with silicon
applications. With 15 mM SiO; application, chlorophyll-a and chlorophyll-b contents
and accordingly total chlorophyll contents were found to be the highest, compared to
other treatments (Table 3).

Table 2. The effects of foliar silicon applications on C*, h°, TSS and TA content value of
cherry fruits

Applications C* value h° values TSS content (%) -(;'?18%”;?3;
Control 43.17a™ 24.86 a" 14.80 ™ 1.06 ™
5 mM CazSiOs 34.68 bc 19.57b 18.83 a 1.89a
10 mM CazSiOs 36.92 be 20.80 b 18.30 ac 1.63b
15 mM Ca;SiOs 36.00 bc 21.07b 18.17 ac 1.56b
5 mM K3SiO; 34.80 bc 20.10b 1743 cd 1.58b
10 mM K3SiOs 35.83 bc 22.17 ab 17.97 bed 1.49 bc
15 mM K3SiOs 37.24b 22.38 ab 16.90d 1.23 de
5 mM SiO; 31.41cd 18.86 b 18.67 ab 1.32ce
10 mM SiO; 31.20d 19.53b 18.67 ab 1.24 de
15 mM SiO; 33.87 bd 21.38b 17.57 bd 1.18 de

z Means separation within columns by Duncan’s multiple range test. P <0.05
NS =+ ** Nonsignificant or significant at P < 0.05. or 0.01, respectively

Table 3. Effects of foliar silicon applications on the total phenol content, antioxidant
activity, chlorophyll a, b, and chlorophyll a + b

Total phenol Antioxidant
Applications con['sent activity (ncw:g/IkZ) (rggllkk;) C(:r?]lg?k;)b
(mg GAE/100 g)| (umol TE/g)
Control 94.96 d™ 8.45N8 26.67 e 8.82¢ 35.49d
5 mM CazSiO3 110.29 ab 10.62 30.42 ce 10.99 ac 41.41 cd
10 mM CazSiO3 100.09 cd 9.32 28.15 de 9.06 bc 37.21d
15 mM CazSiO3 100.47 cd 9.61 29.38 ce 9.15 bc 38.53 cd
5 mM K3SiOs 112 ab 10.71 33.83 hd 10.46 ac 44.29 bd
10 mM K3SiO3 107.48 bd 10.45 33.60 hd 10.76 ac 44.36 hd
15 mM K3SiO; 108.77 bc 9.58 38.10 ab 1198 a 50.08 ab
5 mM SiO; 119.63 a 11.14 35.13 be 11.27 ab 46.40 ac
10 mM SiO; 113.84 ab 11.05 32.14 be 10.45 ac 42.59 bd
15 mM SiO; 107.55 bd 9.73 41.48 a 12.66 a 54.14 a

z Means separation within columns by Duncan’s multiple range test. P < 0.05
NS =+ ** Nonsignificant or significant at P < 0.05. or 0.01, respectively

Effects of silicon treatments on post-harvest durability of cherry fruits

Weight loss in cherries due to storage in modified atmosphere bags was low, even in
control fruits. Weight loss in the control fruits varied between 1.56% and 1.85% while it
was between 1.27% and 1.85% with the treatments. Weight loss in the 15 mM K>SOz
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treatment was less than in the other treatments. Shelf life losses were higher after
0+2days and 7 +2 days shelf life. After this. the losses continued to decrease
compared to the beginning (Table 4).

Table 4. Effects of foliar silicon applications on the weight loss (%), firmness (N), C* and h°
values of cherry fruits after shelf life and storage period

Weight loss (%0) Firmness (N) C* value h° value
Treatments
0+2 21+2 0+2 21+2 0+2 21+2 0+2 21+2
Control 1.85NS | 1.56NS [12.07 bc?"| 12.44c¢" | 34.49a™ | 33.86a™ | 20.42a" | 22.03a™

5mM Ca:Si0s | 1.80 1.66 12.05bc | 12.37c | 26.69cd | 24.65de | 16.26 b | 18.07 cd
10 mM Ca.Si0s| 1.57 1.15 12.02bc | 1252c | 29.11bc | 29.37 bc |17.72 ab | 20.18 ad
15 mM Ca.SiOs| 1.83 1.69 11.70c 12.09¢c | 29.16 bc | 28.51 bd |18.16 ab | 19.00 bd
5 mM K:SiOs 1.85 1.63 12.05bc | 12.78ac | 25.98d | 25.54ce | 16.11b | 17.95d
10 mM K3SiOs | 1.62 1.70 12.92a 13.63a | 29.86b | 27.32be |18.96 ab | 20.36 ac
15 mM KzSiOs | 1.57 1.33 12.02bc | 13.43ab | 29.85b | 30.79ab |18.25ab|20.92 ab
5 mM SiO; 1.83 1.27 1252 ab | 12.74ac | 26.64 cd | 25.75 ce | 17.66 ab | 18.69 bd
10 mM SiO; 1.50 1.63 12.62ab | 12.79ac | 27.01cd | 23.43e |18.48ab| 17.85d
15 mM SiO; 1.85 1.60 12.28ac | 12.67bc | 30.31b | 24.63de |19.24ab| 17.86d

z Means separation within columns by Duncan’s multiple range test. P <0.05
NS * ** Nonsignificant or significant at P < 0.05. or 0.01, respectively

Compared to the initial values of firmness of the cherry fruits. there was no
significant decrease in these values after storage + shelf life, including the control
(Table 4). The cherry fruits were able to maintain their firmness at the end of 21 + 2
days. MAP bags had a great effect on this. The firmness of the cherry fruits treated with
10 mM KSiO3 was found to be the highest.

The effect of treatments on C* and h° values of cherry fruits after shelf life (0 + 2
and 21 + 2 days) and storage periods was significant (Table 4). In both periods, the
silicon-treated cherry fruits had the lowest C* value. Especially at 0 + 2 days, the C*
value ranged between 25.98 and 30.31 in silicon treatments, while it was 34.49 in the
control. The h° value of untreated cherry fruits was 27% and 16%, higher than those
treated with silicon at 0 + 2 and 21 + 2 days, respectively.

After shelf-life, as well as during all storage periods, the content of TSS in the
silicon-treated cherry fruits was found to be significantly higher than in the control. All
SiO2 treatments and 5 mM Ca»SiOz treatments came under the high group. After 21 + 2
days of shelf life treatment, there was no significant change in the TSS content
(Table 5).

Table 5 shows the TA content of the silicon-treated fruits was higher than the
control. The decrease in TA values after 0 + 2, and 21 + 2 days was limited. There was
no great decrease in the TA values. The TA values of the 5 mM SiO2, 10 mM SiO, and
10 mM K>SiOgz applications were high. The TA content in the post-harvest cherries was
1.06% in the control 1.56%-1.89% in Ca,SiOs treatments. 1.23%-1.58% in K>SiOs
treatments, and 1.18%-1.32% in SiO> treatments.

Silicon treatments increased the phenol content in the fruits (Table 5). The phenol
content in the control treatments was found to be low. However, the phenol content in
the treatments were above 100 mg GAE/100 g. The 5 mM Ca.SiOs, 5 mM SiO», and
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10 mM SiO treatments yielded a high phenol content. In addition to these applications,
the 5 mM K:>SiOs application was found to have a high phenol content.

Although the effect of different silicon applications on the antioxidant activity of
cherry fruits was found to be significant (p < 0.05) at 0 + 2 days, this effect disappeared
in the following storage periods (Table 5). The effect of 5 mM KSiO3, 5 mM SiO. and
10 mM SiO2, 5 mM CaSiOz and 15 mM Ca.SiOs treatments on antioxidant activity was
found to be above 10 umol TE/g at 0 + 2 days. After 21 + 2 days the changes were not
significant.

Table 5. Effects of foliar silicon applications on the TSS content, TA content, total phenol
content, antioxidant of cherry fruits after shelf life and storage period

TSS content TA content Total phenol content Antioxidant activity
Treatments (%) (9/100 mL) (mg GAE/100 g) (nmol TE/g)

0+2 21+2 0+2 21+2 0+2 21+2 0+2 21+2

Control 14.93¢*™ | 14.63d” 0.97¢ 0.84c” 98.70 ¢* 87.82¢™ | 839c” 9.03%¢
5 mM CaSiO; 17.80a 18.33 ab 1.14 ab 107a 118.20 a 105.03a | 10.35ab 9.02
10 mM Ca;SiO3 17.00 ab 16.17 ¢ 1.13ab 1.02 ab 105.49bc | 94.13bc | 9.03bc 8.62
15 mM Ca;SiO3 16.57 b 17.57 ab 1.12 ab 0.95b 10558 bc | 94.28bc | 10.43ab 8.72
5 mM K;SiOs 16.23 b 17.43 ab 1.03 bc 0.96 ab 107.21bc | 102.24 ab 11.32a 9.15
10 mM K;SiOs 16.30 b 17.67 ab 1.13ab 1.01ab 110.27ac | 9391bc | 9.29bc 8.00
15 mM K;SiOs 16.33b 16.47 bc 1.12 ab 0.95b 100.92bc | 97.35ac 9.65 bc 8.37
5 mM SiO, 17.47 ab 17.67 ab 1.18a 0.95b 119.54a | 103.56ab | 10.82ab 9.29
10 mM SiO, 17.67a 18.47a 117a 1.00 ab 111.78ab | 103.19ab | 11.17 ab 9.49
15 mM SiO, 17.60 a 18.30 ab 1.05 abc 0.93 bc 100.67bc | 104.74a | 9.54bc 9.63

? Means separation within columns by Duncan’s multiple range test. P <0.05
NS, % ** Nonsignificant or significant at P < 0.05. or 0.01, respectively

Discussion

Fruit size and weight are critical factors in determining the commercial market value
of sweet cherries (Mitcham et al., 2002). In this study silicon treatments increased fruit
weights. Even as fruit weight was approximately 10 g in all CazSiOs and 10 mM
K>SiOs3 treatments, it was over 10 g in 5 mM SiO2 and 10 mM SiO; treatments. The
10 mM CazSiOz, 5 mM SiO», and 10 mM SiO> treatments, in particular, increased fruit
size, as also fruit width, which was over 27.5 mm. Similarly, fruit length also increased
with silicon treatments. The results obtained regarding the weight and size of the cherry
fruit with silicon treatments was similar to some previous studies. Indeed, Sener et al.
(2021) found the highest fruit width and length in SiJ-treated Albion and Rubygem
strawberry cultivars and in 5 mg/l silica gel treatments. Si treatment slightly improved
the fruit weight of strawberries (Miyake and Takhashi, 1986; Hajiboland et al., 2012).
Similarly, Aksoy (2019), who studied the Shiraz grape variety reported that the berry
width, length, and weight values increased in parallel with the increase in foliar silicon
doses. Salicylic acid applications in grapes also had positive effects on fruit weight
(Bhavya, 2010). Potassium silicate applications also increased fruit weight in bananas
(Hanumanthaiah et al., 2015; Ravishankar and Jagadeesh, 2016). Potassium silicate
applications to apricots for two years increased fruit weight by 22%, fruit length by
35.63% and fruit width by 33.88% (Elsabagh et al., 2020). It was determined that
potassium silicate applications to mango increased fruit weight by 29.71%, fruit length
by 33.34%, and fruit diameter by 28.33% (Gawad, 2017). Potassium silicate
applications to oranges increased fruit weight by 28% (EI-Gioushy, 2016).

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 22(5):4693-4707.
http://www.aloki.hu e ISSN 1589 1623 (Print) ¢ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/2205_46934707
© 2024, ALOKI Kft., Budapest, Hungary



Karaagra - Erogul: Determination of the effect of silicon foliar application on the quality and post harvest resistance of sweet cherry
- 4702 -

Firmness is the most essential quality component determining sweet cherry consumer
preference. After 21 + 2 days of storage + shelf life, no significant loss in firmness was
observed in all treatments, including the control. The MAP bags had a great effect on
this. In this study, 10 mM K>SiOs treatment was the treatment that produced the highest
firmness in all processes consistently, compared to the control. Similarly, pre-harvest
potassium silicate treatments for apricots increased fruit firmness by 1.7%-2.7%
compared to the control fruits (Elsabagh et al., 2020). Likewise, potassium silicate
treatments increased fruit firmness by 3% in loquat fruits (El Kholy et al., 2018). It was
also reported that firmness increased with potassium silicate applications in avocados. a
tropical species (Kaluwa et al., 2010).

The lower C* and h° values of silicon-treated cherry fruits during both harvest and
storage indicate that silicon enhances coloration. In cherry fruits. coloration progresses
with ripening. with a decrease in C* and h° (Zoffoli et al., 2008). The skin color of the
‘Brooks’ cherry variety progresses from full light red to full dark red, as shown by a
decline in C* from 42.30 to 23.77, and in h°® from 26.15° to 11.80° (Crisosto et al.,
2003). The non-climacteric nature of cherry fruits was effective in the limited color
change during storage (Zoffoli et al., 2008).

There was no significant effect of silicon treatments on weight loss after storage or
after storage plus shelf life. The used MAP bags were effective in this. The application
of MAP was seen to be useful in postponing the physicochemical changes associated
with quality degradation in sweet cherry (Petracek et al., 2002; Tian et al., 2004).
Potassium silicate treatment reduced weight loss in lemon (Mditshwa et al., 2013) and
loquat (EI Kholy, 2018) fruits. The weight loss of bananas treated with potassium
silicate before harvest and stored in polyethylene bags was 4.39%, while that of bananas
in untreated polyethylene bags was 10.97% (Ravishankar and Jagadeesh, 2016).

TSS concentrations greater than 15% are deemed appropriate for consuming sweet
cherries (Kappel et al., 1996). The TSS content of 5 mM CazSiOz and 5 and 10 mM
SiO> treatments was the highest both after harvest and after storage + shelf life. In this
study, Ca»SiOs, K2SiOgz, and SiO> applications in cherry increased the TSS content. The
TSS ranged from 11% to 20% in previous studies, and it remained approximately the
same when stored in the refrigerator and MAP, for several weeks (Alique et al., 2003;
Crisosto et al., 2003; Tian et al., 2004). In this study where silicon applications were
made for cherries, the TSS content of cherries in control fruits was 14.80% within
consumer acceptance limitations and the TSS content of cherries with silicon
applications was found to be between 16.90% and 18.83%. Potassium silicate
treatments in banana, apricot, orange, loguat, and mango fruits increased the TSS
content in fruits (Ravishankar and Jagadeesh, 2016; EI-Gioushy, 2016; Gawad, 2017; El
Kholy et al., 2018; Elsabagh et al., 2020). Silicon and potassium caused excess sugar
synthesis in the fruit, which increased the water-soluble dry matter content
(Ravishankar and Jagadeesh, 2016). Salicylic acid treatments in blue grapes also
increased the TSS content (Bhavya, 2010).

Silicon treatments has also helped to increase the TA content of cherry fruits after
harvest. Although the content of TA in cherry fruits varies by cultivars, with levels
ranging from 0.4% to 1.5%, the primary organic acid is malic acid (Esti et al., 2002;
Bernalte et al., 2003). After storage + shelf life, the TA content of silicon-treated fruits
is higher than that of the control. However, the content of TA decreases in apricot,
mango, orange, and loquat fruits treated with potassium silicate (EI-Gioushy, 2016;
Gawad, 2017; El Kholy et al., 2018; Elsabagh et al., 2020). After storage and shelf life,
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TA values have been found to be lower. In SiO> applications, the losses in the amount
of TA are the least.

In cherry, which is a non-climacteric fruit, when silicon treatments were applied,
TSS and TA amounts after harvest and after storage + shelf life were higher than in the
control fruits, and TSS content after storage + shelf life was generally preserved in
cherry fruits, while there were losses in TA content. TSS, acidity, and visual
attractiveness, all play crucial roles in determining consumer demand for this fruit
(Crisosto et al., 2003). It has been found that TSS and titratable acidity (TA) are closely
connected to the intensity of cherry flavor and that high TSS and TA levels boost
customer acceptability (Crisosto et al., 2003; Kalyoncu et al., 2009).

In cherry fruits with silicon applications after harvest, storage, and shelf life, the
phenol content of the fruits increased with silicon applications and it was found to be
above 100 mg GAE/100 g. The 5 mM CaxSiO3, 5 mM K3SiOs3, 5 mM SiO», and 10 mM
SiO> applications were the prominent applications. This was due to the fact that silicon
application increased flavonoid and phenolic content (Maksimovic et al., 2007).
Mditshwa et al. (2013) used potassium silicate on lemons at the end of harvest and
determined that the phenol content increased. Phenolic content increased in apples with
Si application (Tarabih et al., 2014). The effect of silicon treatments on the antioxidant
activity of cherry fruits was not significant. Silicon treatments in bananas did not affect
the antioxidant activity (Nikagolla et al., 2019). The antioxidant activity in cherry fruits
tended to be higher with silicon treatments than the control, both at harvest and after
storage + shelf life. Potassium silicate treatments in mango under drought stress
conditions increased carotenoid, flavonoid, and anthocyanin concentrations (Helaly et
al., 2017). Silicon was found to be effective as a source of antioxidants in avocados at
the end of harvest (Tesfay et al., 2011). Silicon treatments increased the content of
antioxidants and total phenols in the fruit, thus providing resistance to stress conditions
in fruits, during long-term storage. Potassium silicate treatment reduced the
concentration of antioxidant enzymes. These reductions may be attributable to its
promoting effects on the synthesis of total antioxidants, namely total sugars, total free
amino acids, and carotenoids (Pei et al., 2010).

Chlorophyll is a vital biomolecule involved in photosynthesis (Young and Lowe,
2018). Chlorophyll-a content in leaves increased with silicon applications. ChlorophylI-
a and chlorophyll-b contents and accordingly total chlorophyll contents were found to
be the highest, particularly with 15 mM SiO. application, compared to the other
treatments. It was determined that the content of chlorophyll increased and the
photosynthesis rate also increased accordingly with silicon applications in different
plant species (Guével et al., 2007). Silicon treatment in plants can boost nutrient
absorption and photosynthesis (Smith, 2011). In mango, chlorophyll content increased
by 33.06% with potassium silicate treatment (Helaly et al., 2017; Gawad, 2017).
Chlorophyll content increased in oranges when treated with potassium silicate (EI-
Gioushy, 2016).

Conclusions

In conclusion, in this study the effects of different silicon sources and its amounts on
the fruit quality and post-harvest durability of cherries was investigated the fruit weight,
fruit size, TSS, TA, total phenol, and chlorophyll contents increased with silicon
treatments.
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In the studies conducted so far on different species, K>SiOs was generally used as a
silicon source. In this study, it was determined that Ca,SiOs and SiO> applications can
also be used effectively.

CaSiOs treatments increased fruit weight and size. If CaSiOsz applications are
desired to be used, 5 mM and 10 mM Ca,SiO3 applications should be preferred because
they provide higher fruit firmness.

Among all K>SiO3 treatments tested in this study, the 10 mM K,SiO3 application
increased fruit weight, fruit size, TSS, and TA. After storage + shelf-life, the TSS, TA,
and breaking force of the treated fruits were high. It was one of the most important and
recommended treatments, especially because it increases fruit firmness.

The 5 mM and 10 mM SiO; applications increased the fruit weight and size, TSS,
and phenol content after harvest. After storage + shelf life, the breaking force of fruits
and phenol content was high. Although TA values were lower than the other treatments
after harvest, they were higher than those of the control. At the end of storage + shelf
life period, it was one of the treatments 5 mM and 10 mM SiO with high TA content.
Among the treatments, 5 mM and 10 mM SiO: increased the phenol content the most.
Even though it was not as much as the K»SiOz application, it had an increasing effect on
fruit firmness. The 5 mM and 10 mM SiO> treatments were the main recommended
treatments, because they yielded the highest fruit weight and size, while maintaining
other quality parameters.
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