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The influence of foliar application of calcium-containing
preparations on apple orchard productivity and fruit quality

Abstract. Effective production of high-quality and high-yielding fruit and berries is essential for
addressing shortages. However, producers often encounterchallengesrelated to calcium deficiency
in apples. This study aimed to evaluate the productivity of late-ripening apple cultivars - Ligol,
Jonagold Early Queen, and Fuji - following foliar application of calcium-containing preparations,
as well as to assess the quality of their fruit. Field and laboratory research methods were employed
to achieve this objective, and the results were subjected to statistical analysis. The study revealed
that the Ligol cultivar exhibited the highest yield (19.3 t/ha) when treated with Brexil Ca at a rate of
1.8 L/ha. This represented an 8.3% increase compared to the control and a 12.9% increase compared
to the variant treated with HelpRost at a rate of 1.0 L/ha. The highest fruit weight (296.5 g) was
recorded for the Ligol cultivar when treated with Brexil Ca at a rate of 1.8 L/ha. Foliar application
of Brexil Ca at the same rate was most effective for the Fuji cultivar, resulting in a yield of 24.8 t/ha,
which was 9.8% higher than the control and 16.1% higher than the variant treated with Biocalcium
(2.0 mL/ha) and HelpRost (1.0 L/ha). For the Jonagold Early Queen cultivar, the highest yield (16.2 t/
ha, 8.6% above the control) and fruit weight (249.8 g, 5.4% above the control) were achieved with
HelpRost at 1.0 L/ha. The highest flesh firmness in the Ligol cultivar was observed with Biocalcium
treatment (2.0 mL/ha), while in the Jonagold Early Queen and Fuji cultivars, it was achieved
with HelpRost (1.0 L/ha). The findings provide practical insights for enhancing apple production
efficiency, improving fruit quality, and extending storage life
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INTRODUCTION

According to Law of Ukraine No. 8370-1“On Food
Security in Ukraine” (2011), fruits and berries
must be included in the food basket as they are
vital to the food balance. Fruit products serve as
valuable raw materials for processing (freezing,
juice production, jams, baby food, etc.) and pro-
vide the human body with easily digestible car-
bohydrates, organic acids, and vitamins.

In apple cultivation, calcium deficiency has
become increasingly evident. According to Z. Wu
§ P. Chen (2021), extensive orchard manage-
ment, excessive crop loads, and early harvest-
ing exacerbate the issue of functional disorders
in apples. Such disorders significantly affect
the economic value of the produce by reducing
its marketable quality, diminishing its visual
appeal and taste, and, consequently, lowering
consumer interest. Under these conditions, the
economic efficiency of apple production inevi-
tably declines, reducing growers’ motivation to
remain engaged in the apple industry.

F. Carrasco-Cuello et al. (2024) identified
the application of calcium-containing fertil-
isers as an effective measure to address these
challenges. The foliar application method, as
examined by ]. Morales et al. (2023), compared
to soil fertilisation, facilitates better absorption
of micro- and macronutrients, including calci-
um, by the fruit.

The use of organo-mineral nutrient com-
plexes significantly enhances the adaptive prop-
erties of plants, increases productivity, and im-
proves crop quality. Calcium is among the least
efficiently absorbed nutrients, and its deficiency
leads to various physiological disorders. Effec-
tive and rapid mitigation of calcium deficiency
can be achieved through foliar feeding. Calcium
fertilisers not only enhance photosynthesis and
the growth rate of vegetative plant organs (Liu et
al, 2022) but also significantly improve fruit
quality (Lin et al., 2020) and increase disease re-
sistance (Yang et al., 2020).

Research by G. Wang et al. (2022) demon-
strated that spraying apple trees with calci-
umcontaining fertilisers increases chloroplast
content and enhances the photosynthetic ca-
pacity of apple leaves. Compared to the control,
the photosynthetic rate of apple leaves sprayed
with Niucui increased by 4.3-34.6%, while those
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treated with Naipu 9 exhibited a 15.0-574% in-
crease. In addition, spraying with calcium fer-
tilisers improved fruit quality and facilitated the
accumulation of essential mineral elements (Ca,
Mg, and B) in both fruit and leaves while sup-
pressing copper (Cu) accumulation. The weight
and firmness of apples harvested from orchards
treated with Niucui and Naipu 9 were higher
than those from the control group. Apples from
trees treated with Naipu 9 contained higher
levels of soluble solids, sugars, and vitamin C,
whereas those from orchards treated with Ni-
ucui showed a reduction in titratable acids. This
effect is attributed to Naipu 9 enhancing the
activity of sugar metabolism enzymes, while
Niucui increased the activity of enzymes asso-
ciated with acid synthesis. The researchers con-
cluded that the consumer quality of Fuji apples
was optimal, with the most balanced taste when
the orchards were treated with Naipu 9.

Y. Xu et al. (2022) investigated the mecha-
nism by which calcium regulates fruit ripening.
To examine changes in proteins and enriched
phosphopeptides, labelling was performed on
calciumtreated Golden Delicious apples. The
resulting dataset provided a comprehensive
overview of critical pathways associated with
fruit ripening. A total of 47 proteins and 124
phosphoproteins were significantly altered in
calcium-treated apples, playing key roles in reg-
ulating cell walls, ethylene production, protein
modification (especially degradation), as well as
primary and secondary metabolism.

P. Kowalik et al. (2020) conducted compar-
ative studies on the ultrastructure of epidermal
and hypodermal cells, assessing the content
and distribution of calcium within the cell walls,
cytoplasmic membranes, and cytoplasm of
Champion apples. Their findings demonstrated
a positive impact of calcium treatments on the
ultrastructure of epidermal and hypodermal
cells, as evidenced by the preservation of con-
tinuous cytoplasmic membranes and stabilised
cell structures.

P. Wojcik et al. (2019) investigated the yield
and fruit quality of Elstar apple trees. Their
findings revealed that pre-harvest spraying
with CaCl, increased calcium concentrations in
leaves and fruit by an average of 22% and 39%,
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respectively. Additionally, an improvement in
apple flesh firmness was observed.

The study aimed to examine the effects of
foliar fertilisation of apple orchards with cal-
ciumcontaining preparations on yield and the
physical quality parameters of the fruit.

The aim was achieved through the following
objectives:

n analysing the yield of apple orchards of
various cultivars treated with foliar applications
of calcium-containing preparations;

n determining the firmness of apple flesh as
an indicator of quality and market value;

n identifying optimal application rates
of calcium-containing preparations for foliar
treatment in apple orchards.

MATERIALS AND METHODS

Recognising the critical importance of biological
diversity and the fact that its preservation is a
shared responsibility of humanity, particularly
the scientific community, the research was con-
ducted in alignment with the Convention on Bio-
logical Diversity (1992) and the Convention on the
Trade in Endangered Species of Wild Fauna and
Flora (1973) to support environmental conserva-
tion and the sustainable use of its components.

The study was carried out at the educational
laboratory “Fruit and Vegetable Garden” of the
National University of Life and Environmental
Sciences of Ukraine, located in the natural and
climatic zone of Ukrainian Polissia. The area is
characterised by sod-medium podzolic soils
formed on fluvioglacial deposits, suitable for
horticulture, and a moderately continental cli-
mate with mild winters and warm summers.

The research was conducted in 2023 in ap-
ple orchards established in 2019, with a planting
scheme of 4x2.5 m, M.106 rootstock, rainfed con-
ditions, and a protection and fertilisation system
consistent with practices typical of this natural
and climatic zone. The study examined the ef-
fects of foliar treatments on apple orchard yield,
fruit weight, and flesh firmness. The analysis fo-
cused on late-ripening apple cultivars, including
Fuji, Ligol, and Jonagold Early Queen.

The research was conducted as a three-fac-
tor experiment, with the factors being culti-
var, type of preparation, and application rate.
Each treatment was replicated three times. The

Plant and Soil Science (15)4

following calcium-containing preparations were
used for foliar application in the orchards: Bio-
calcium (Biotech LTD), HelpRost (BTU-Center),
Brexil Ca (Valagro), and Avangard (AgroAntal).

The experimental design included: control -
water treatment (H,0); variant 1 - Biocalcium
(2 mL/ha); variant 2 - Biocalcium (4 mL/ha); var-
iant 3 - HelpRost (1.0 L/ha); variant 4 - HelpRost
(3 L/ha); variant 5 - Brexil Ca (1.8 kg/ha); variant
6 - Brexil Ca (2.0 kg/ha); variant 7 - Avangard
(3 L/ha); and variant 8 - Avangard (6 L/ha).

Foliar treatments were performed following
the manufacturer’s instructions for each prepa-
ration. One set of treatments was applied at the
dosage recommended by the manufacturer,
while another set used a dosage reduced by half.
Applications were carried out at four intervals:
the first occurred after the June ovary drop (late
June), with subsequent treatments at 20-day in-
tervals, and the final application conducted two
weeks before harvest. Spraying took place be-
fore 10:00, with the volume adjusted to ensure
the formation of water droplets on the surface of
the leaves or fruit.

Yield was determined by weighing the har-
vested fruit from each replication of a variant,
subsequently recalculated into tonnes per hec-
tare for each treatment. The weight of apples
was measured using the gravimetric method
with KERN EHA 500-1 scales (Germany). For this
purpose, 10 apples were randomly selected from
each replication of a treatment, weighed indi-
vidually, and the average weight per replication
and variant was calculated. Apple flesh firmness
was assessed using a portable penetrometer,
“Wagner FRUIT TEST” (USA), with an FT 30FT716
(USA) probe, 11 mm in diameter. At harvest ma-
turity, three apples were sampled from each
replication of a variant. The skin was removed on
two opposite sides of each apple using a sharp
tool provided by the device, and the probe was
slowly inserted into the fruit’s flesh. The average
value for each fruit was recorded, followed by
the calculation of mean values for each replica-
tion and treatment.

RESULTS AND DISCUSSION

The yield of the Ligol apple cultivar ranged from
16.8 t/ha in the variant treated with HelpRost at
arate of 1L/ha to 19.3 t/ha with foliar application
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of Brexil Ca at 1.8 L/ha. In the variant treated with
Avangard at 6 L/ha, the yield exceeded 18.0 t/ha.
The fruit weight was also highest in the Brexil Ca
treatment at 296.5 g and in the Avangard treat-
ment (3 L/ha) at 294.7 g. The lowest fruit weight
for Ligol (252.0 g) was recorded in the variant
treated with HelpRost at 1L/ha (Table 1).

The yield of the Jonagold Early Queen culti-
var ranged from 14.7 to 16.2 t/ha, depending on

the treatment. The lowest yields were recorded
in variants with foliar applications of HelpRost
(3 L/ha) and Brexil Ca (2.0 kg/ha), while the high-
estyield was observed in the variant treated with
HelpRost (1.0 L/ha). Similarly, the largest fruit
weight for this cultivar (249.8 g) was recorded
in the same treatment, while the lowest weight
(228.3 g) was observed in apples harvested from
treestreated with Biocalciumat2 mL/ha(Table1).

Table 1. Yield and average fruit weight of apples, harvest 2023

Ligol Jonagold Early Queen Fuji
Cultivar

Fruit weight, g | Yield, t/ha | Fruit weight, g | Yield, t/ha | Fruit weight, g | Yield, t/ha
Control 271.7+10.2 17.7+0.7 236.2+21.4 14.8+0.5 162.1+10.1 22.0%+1.1
Biocalcium (2.0 mL/ha) | 277.6+11.0 17.3+0.4 228.3+10.9 15.0+£0.6 155.1+14.4 21.1+1.4
Biocalcium (4.0 mL/ha) | 285.6+10.9 18.6+0.6 231.2+11.2 15.6+0.8 167.5+11.5 22.8+1.1
HelpRost (1.0 L/ha) 252.0+10.9 16.8+0.6 249.8+29.9 16.2+0.9 155.2+15.6 21.1+1.4
HelpRost (3.0 L/ha) 268.3+14.8 17.4+0.5 2345+13.4 14.7+0.6 180.3+10.7 245+1.0
Brexil Ca (1.8 kg/ha) 296.5+17.1 19.3+2.1 240.0+16.1 15.0+1.0 182.3+14.8 24.8+0.6
Brexil Ca (2.0 kg/ha) 275.7+12.2 17.9+0.8 235.3+18.2 14.7+1.1 179.1+11.6 243+1.4
Avangard (3.0 L/ha) 294.7+15.3 19.2+2.5 237.3+12.4 14.8+0.8 172.6+10.7 23.5+0.7
Avangard (6.0 L/ha) 277.5+16.9 18.0+1.1 238.8+21.0 149+1.5 177.2+12.6 24.1+1.1
Mean +SE 278.3+13.2 18.0+1.0 236.8+17.2 15.1+0.8 170.1+12.4 23.1+1.1
Min 252.0+10.9 16.8+0.6 228.3+10.9 14.7+0.6 155.1+14.4 21.1+1.4
Max 285.6+10.8 19.3+2.1 249.8+29.9 16.2+0.9 182.3+14.8 24.8+0.6

Source: developed by the authors

The yield of the Fuji apple cultivar varied
between 211 and 24.8 t/ha, depending on the
method of foliar application. The lowest yield
was recorded in variants treated with Biocalci-
um at a rate of 2 mL/ha and HelpRost at 1 L/ha.
The highest yield was achieved in the variant
treated with Brexil Ca (1.8 kg/ha). The heaviest
fruit weight was also observed in the Brexil Ca
treatment (1.8 kg/ha) at 182.3 g, while the lightest
fruits were recorded following treatments with
Biocalcium (2 mL/ha) and HelpRost (1.0 L/ha), at
1551 g and 155.2 g, respectively.

When comparing foliar treatments for
the Ligol cultivar, Brexil Ca applied at 1.8 kg/
ha proved to be the most effective. The least

1)

favourable result was obtained in the variant
treated with HelpRost at 1 L/ha (Fig. 1). The fruit
weight of apples harvested from trees treated
with Brexil Ca (1.8 kg/ha) was 24.8 g (9.1%) great-
er than in the control and 44.5 g (17.6%) higher
than the weight of apples from trees treated with
HelpRost (1.0 L/ha). Similarly, the yield of apple
trees treated with Brexil Ca at 1.8 kg/ha exceed-
ed the control by 9.0% or 1.6 t/ha. Compared to
HelpRost (1.0 L/ha), Brexil Ca (1.8 kg/ha) resulted
ina14.9% or 2.5 t/ha higher yield. When compar-
ing treatment methods for the Jonagold Early
Queen apple cultivar, the most effective was the
application of HelpRost at a rate of 1 L/ha, while
the least effective was HelpRost at 3 L/ha (Fig. 2).
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Figure 1. Yield and average fruit weight of Ligol apple cultivar, 2023

Source: developed by the authors

Jonagold Early Queen
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Figure 2. Yield and average fruit weight of Jonagold Early Queen apple cultivar, 2023

Source: developed by the authors

The fruit weight of Jonagold Early Queen
apples grown in orchards treated with HelpRost
(1L/ha) was 13.6 g (5.7%) greater than in the wa-
ter-treated control and 15.3 g (6.5%) higher than
in the variant treated with HelpRost at 3 L/ha.
Similarly, the yield of apple trees treated with
HelpRost (1L/ha) exceeded the control by 9.4% or
14 t/ha. The yield in this variant was also 10.2%
or 15 t/ha higher than that obtained from trees
treated with HelpRost (3 L/ha) (Fig. 2).

The fruit weight of Jonagold Early Queen
apples treated with calcium-based foliar appli-
cations was generally higher compared to the
control. Specifically, treatments with Avangard
at 3.0 L/ha increased fruit weight by 1.1 g (0.5%),
Avangard at 6.0 L/ha by 2.6 g (1.1%), Brexil Ca at
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1.8 kg/ha by 3.8 g (1.6%), and HelpRost at 1.0 L/ha
by 13.6 g (5.7%). The yield of Jonagold Early Queen
orchards treated with foliar applications was
also higher compared to the control. For ex-
ample, Avangard (6.0 L/ha) increased yield by
0.1t/ha (0.7%), Biocalcium (2.0 mL/ha) by 0.2 t/ha
(1.3%), Brexil Ca (1.8 kg/ha) by 0.2 t/ha (1.3%), Bio-
calcium (4.0 mL/ha) by 0.8 t/ha (54%), and Hel-
pRost (1.0 L/ha) by 1.4 t/ha (9.4%) (Fig. 2).
Theyield of apple orchards treated with Hel-
pRost at 3.0 L/ha and Brexil Ca at 2.0 kg/ha was
0.7% lower than the control. Similarly, the aver-
age fruit weight was reduced in variants treated
with Biocalcium (2.0 mL/ha), Biocalcium (4.0 mL/
ha), HelpRost (3.0 L/ha), and Brexil Ca (2.0 kg/ha)
by 3.3%, 2.1%, 0.7%, and 1.6%, respectively (Fig. 2).
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For foliar treatments in Fuji apple orchards,
Brexil Ca at 1.8 kg/ha proved the most effective.

Fuji

185
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Fruitweight, g

The least effective treatment was Biocalcium at
2.0 mL/ha (Fig. 3).
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Figure 3. Yield and average fruit weight of Fuji apple cultivar, 2023

Source: developed by the authors

The fruit weight of Fuji apples harvested
from trees treated with Brexil Ca (1.8 kg/ha) was
200 g (12.4%) higher than the control and 27.2 g
(17.5%) greater than apples grown on trees treat-
ed with Biocalcium (2.0 mL/ha). Corresponding-
ly, the yield of orchards treated with Brexil Ca
(1.8 kg/ha) exceeded the control by 12.7% or 2.8 t/
ha and surpassed the yield of Biocalcium-treat-
ed trees (2.0 mL/ha) by 17.5% or 3.7 t/ha (Fig. 3).

Variants treated with Brexil Ca and Avan-
gard, in both application rates, as well as Hel-
pRost (3.0 L/ha) and Biocalcium (4.0 mL/ha),
demonstrated higher yields and fruit weights
for the Fuji cultivar compared to the control
(Fig. 3). In contrast, lower yields were observed

in orchards treated with Biocalcium (2.0 mL/ha)
and HelpRost (1.0 L/ha), which were 4.1% lower
than the control. Fruit weights in these variants
were also lower by 4.3% and 4.2%, respectively,
compared to the control (Fig. 3). The firmness
of fruit flesh is a critical parameter influencing
consumer and market value. It serves as an indi-
cator of fruit quality, ripeness, and suitability for
long-term storage and transportation.

The firmness of the fleshin the Jonagold Ear-
ly Queen cultivar at harvest maturity was high-
est in the variant treated with HelpRost (1.0 L/
ha). In other variants, the flesh firmness ranged
from 9.3 kg/cm? (control) to 10.7 kg/cm? (variant
treated with HelpRost (3.0 L/ha)) (Table 2).

Table 2. Flesh firmness of apple cultivars under study, kg/cm2, 2023

Cultivars
Experimental variants
Jonagold Early Queen Ligol Fuji

Control 9.3+0.2 9.6+0.2 10.4+0.3
Biocalcium (2.0 mL/ha) 10.1+0.3 10.1+0.3 10.1+0.3
Biocalcium (4.0 mL/ha) 9.8+0.2 9.5+0.3 9.5+0.3
HelpRost (1.0 L/ha) 10.8+0.2 9.7+0.3 10.8+0.5
HelpRost (3.0 L/ha) 10.7+0.4 9.7+0.3 10.7+0.3
Brexil Ca (1.8 kg/ha) 10.1+0.4 9.0+0.3 10.1+0.3
Brexil Ca (2.0 kg/ha) 9.8+0.4 9.3+0.3 9.8+0.3
Avangard (3.0 L/ha) 9.3+0.4 9.3+0.3 9.3+0.2

1)
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Table 2, Continued

Cultivars
Experimental variants
Jonagold Early Queen Ligol Fuji
Avangard (6.0 L/ha) 9.8+0.1 9.8+0.3 9.8+0.4
Mean +SE 10.1+0.3 9.6+0.3 10.240.3
Min 9.3+0.2 9.0+0.3 9.3+0.2
Max 10.8+0.2 10.1+0.3 10.8+0.5

Source: developed by the authors

For the Ligol cultivar, the highest flesh firm-
ness at harvest maturity was recorded in the
variant treated with Biocalcium at 2.0 mL/ha,
reaching 101 kg/cm? In other variants, flesh
firmness varied from 9.8 kg/cm? (in the variant
treated with Avangard at 6.0 L/ha) to 9.3 kg/cm?
(in variants treated with Brexil Ca at 2.0 kg/ha
and Avangard at 3.0 L/ha).

In the Fuji cultivar, the firmest flesh
(10.8 kg/cm? was observed in apples treated
with HelpRost at 1.0 L/ha. In other variants, firm-
ness ranged from 9.3 kg/cm? (variant treated
with Avangard at 3.0 L/ha) to 10.7 kg/cm? (variant
treated with HelpRost at 3.0 L/ha).

The role of calcium and calcium-sensitive
receptors in plant physiology has been exten-
sively studied. Q. Gao et al. (2019) investigated
their involvement in regulating fruit develop-
ment and ripening, as well as the molecular
mechanisms underlying these physiological
processes. The findings of A.G. Levin et al. (2019)
confirm a direct or indirect correlation be-
tween calcium content in fruits and the health
and resistance of apple trees to various diseas-
es, including bitter pit, core rot, and cracking
at different stages of fruit maturity. L.L. Yang
et al. (2020) proposed solutions to these issues
through the application of calcium-based fer-
tilisers. In experimental conditions, the most
satisfactory results were achieved with three
applications of calcium nitrate, amounting to a
total of 0.72 kg per tree.

In examining the key aspects of calcium’s
influence on the quality and yield of fruits and
berries through an analysis of existing research
in the field, Y. Huang et al. (2020) identified its
positive effects on yield, product quality, and
post-harvest storage duration. Following foliar
application of amino acid-chelated calcium,
grape berry mass increased by 22.5%, vertical
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diameter by 8.8%, and transverse diameter by
10.8%. Additionally, fruit firmness improved
by 35.7%, titratable acidity decreased by 23.2%,
and soluble sugar content increased by 387%.
L. Xinming et al. (2021) corroborated these find-
ings, demonstrating that calcium fertilisation
enhanced grape quality, with calcium content
in the skin and pulp exceeding the control by
1.36 and 173 times, respectively. Pulp firmness
increased by 19.28%, and soluble solids content
rose by 5.71% compared to the control. Calcium
treatment also influenced the qualitative and
physiological characteristics of Japanese pears.
The results indicated preserved fruit firmness,
significant reductions in ethylene production
and malondialdehyde accumulation, increased
protopectin content, and reduced soluble pectin
levels. Furthermore, there was a decrease in po-
lygalacturonase and cellulase activity. J. Zhou et
al. (2018) concluded that foliar calcium appli-
cation significantly improved pear fruit storage
quality. Similarly, M. Matteo et al. (2024) con-
firmed the effectiveness of foliar calcium fer-
tilisation in sweet cherries, which reduced fruit
cracking during rainy periods, enhanced firm-
ness, and prolonged shelf life during storage.
These researchers noted that calcium uptake by
fruits was most effective in the early stages of
development. The mechanism of calcium pene-
tration through the skin and pedicel of cherries
was further validated by A. Winkler & M. Kno-
che (2021). They demonstrated that spraying cal-
cium salt solutions on berries increased calcium
content within the fruit. Collectively, these find-
ings underline the scientific interest in studying
calcium’s effects on fruit and berry quality. The
observed mechanisms generally confirm their
beneficial impact, regardless of the research
subject, suggesting a consistent trend. However,
unresolved issues related specifically to apple
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production remain, motivating the authors to
continue their investigations.

Y.X. Xu et al. (2023) elucidated a potential
mechanism for delaying post-harvest ripening
in apples through the application of calcium
ions. Their research confirmed the suppression
of ethylene biosynthesis in fruits, which extends
storage life — a subject of significant interest
to the authors. Y.X. Xu et al. (2023) identified a
transcription factor in apples that functions as
an activator of a gene involved in ethylene bi-
osynthesis. Upon calcium treatment, a phos-
phorylation-mediated process was observed,
leading to the degradation of this transcription
factor. These findings demonstrated the effica-
cy of calcium ions in extending storage duration
and improving product quality. However, the
authors’ hypothesis regarding significant varia-
tions in results among different apple cultivars
was not substantiated. Furthermore, alterna-
tive biochemical pathways, beyond ethylene
production, may contribute to post-harvest
ripening. Various researchers have periodically
investigated the inhibition of ethylene synthe-
sis (Soto et al.,, 2012) and chlorophyll degrada-
tion (Wei et al., 2021) in apples to mitigate spoil-
age during storage. The findings of PT. Yue et
al. (2020) indicate that auxin, a plant hormone,
induces ethylene biosynthesis in apple fruits
by activating the expression of auxin response
transcription factors via naphthaleneacetic
acid. Such mechanisms encourage the explo-
ration of counteracting factors, as identified by
A. Soto et al. (2012). Their study demonstrated
that methyl jasmonate, a source of the phyto-
hormone jasmonate, inhibits the expression of
ethylene-related genes, thereby delaying fruit
ripening. Y. Wei et al. (2021) investigated the
regulation of chlorophyll degradation through
post-translational modifications. The overex-
pression of the ethylene-related module Md-
PUB24 in apple fruits was found to accelerate
chlorophyll degradation by increasing the ex-
pression of chlorophyll catabolic genes (CCG).
These studies revealed potential mechanisms
for mitigating undesirable processes, among
which exogenous calcium may prove effective.
However, the primary focus of the research
was the impact of calcium on apple yield and
physical quality attributes. G. Wang et al. (2022)

D

demonstrated that calcium-based fertiliser
sprays improved the quality of apple fruits.
Compared to the control, the mass of individual
fruits, firmness, soluble solid content, and vita-
min C concentration increased by 12.1%, 16.1%,
12.0%, and 29.4%, respectively. Additionally, the
application of calcium fertilisers enhanced sug-
ar content and reduced acidity, improving the
flavour profile of the apples. In a subsequent
study, G. Wang et al. (2023) developed calci-
um-encapsulated carbon dots as a nanofertil-
iser for apple production. The results indicated
that this approach facilitated efficient nutrient
uptake and increased calcium concentration
in the fruits. Post-harvest spraying with na-
no-calcium carbonate yielded the lowest levels
of total fruit damage (3.569%), respiratory in-
tensity (2.636 mg CO,/kg/hour), and total acidity
(0.214%), alongside the highest fruit firmness
(1007 kg/cm?), sugar content (12.06%), ascorbic
acid concentration (15.93 mg/100 mL), and cal-
cium content in the fruits (895.9 mg/L).

Studies presented in the scientific literature
confirm the effectiveness of calcium-containing
fertilisers in horticultural production. However,
each study has its specific context, limiting the
generalisation of results across all cultivars, ap-
plication methods, and other conditions. This
consideration was acknowledged by the au-
thors, who identified this as a critical objective at
the outset of their research.

CONCLUSIONS

Foliar application of calcium-based fertilisers to
apple orchards significantly affects productiv-
ity and fruit quality, with a specific impact de-
pending on the application rate and the source
of the active substance. The highest yield for
Ligol apples was observed with the applica-
tion of Brexil Ca at a rate of 1.8 L/ha, reaching
19.3 t/ha, which was 8.3% higher than the control
and 12.9% greater than the lowest yield in the
study. This treatment also produced the high-
est fruit mass - 296.5 g — exceeding the control
by 8.4% and the lowest recorded value by 15.0%.
For Jonagold Early Queen, the highest yield was
achieved with the application of HelpRost at a
rate of 1.0 L/ha, exceeding the control by 8.6%
and the lowest value in the study by 9.2%. The
same treatment also resulted in the highest fruit
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mass, which was 54% greater than the control
and 8.6% higher than the lowest recorded value.
The highest yield for Fuji apples was achieved
with Brexil Ca applied at 1.8 L/ha, producing
24.8 t/ha - 9.8% more than the control. This
treatment also resulted in the largest fruit mass
0f182.3 g, 111% higher than the control.

the application of HelpRost at 1.0 L/ha, showing
increases of 13.9% and 3.7% over the control, re-
spectively. Future research will focus on evaluat-
ing the effects of calcium-containing nanofertil-
isers on the organic matter content and mineral
composition of apples.

The firmnessof Ligolapple fleshwas greatest ACKNOWLEDGEMENTS
with the application of Biocalcium at 2.0 mL/ha, None.
showing a 4.9% increase compared to the con-
trol. For Jonagold Early Queen and Fuji apples, CONFLICT OF INTEREST
the greatest flesh firmness was observed with  None.
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Joamuna LeBuyk

LOKTOp CinbCbKOrocnoaapCcbkmx Hayk, npodecop

HaujioHanbHMin yHiBEpCUTET BiopecypciB i NPMPOAOKOPUCTYBAHHSA YKpaiHK
03041, Byn. Tepois ObopoHM, 15, m. Kuis, YkpaiHa
https://orcid.org/0000-0001-7424-8840

Bnapucnas ToHxa

AcnipaHT

[HCTUTYT casiBHMLTBA HalioHanbHOT akaZemii arpapHmX HayK YKpaiHu
03027, syn. Caposa, 23, c. HoBocinkn, YkpaiHa
https://orcid.org/0009-0001-4043-7587

BnnmB no3akopeHeBoro o6po6iTky Hacag)keHb aA6nyHi
KaJibLLiEBMICHUMM NpenapaTaMy Ha YPOXKaMHICTb
Ta AKicTb nnoais

AHoTauia. EQeKTMBHEe BUPOOHUIITBO IUIOLIB Ta ATiH 3 BHUCOKOIO SAKICTIO Ta YPOXKaMHICTIO €
BKJIMBUM I VHUKHEHHS Iedbinuty, ane BUPOOGHUKU YacTO CTUKAIOThCS 3 Ipobiemamy,
IIOB'SI3aHMMHU 3 HECTadelo KaJbliiio B 1671yKax. MeTo MpoBefeHHS JOCTIIPKEeHD CTaI0 BUBYEHHS
MIPOAYKTUBHOCTI HacakeHb A6J1yHi, COPTIB Ii3HiX TepMiHiB JocTUTaHHA — JIiros, [[RoHarosg Epri
KBiH, ®yzmsxi, mo3akopeHeBo 06po6IeHNX KaJIblieBMiCHUMU MTpeIiapaTaMu, a TAKOXK JOCiIKeHHS
AaKrocTi ix 1ogie. Ojs peasisawii mocTaBieHOi METH 3aCTOCOBYBaIU TIOJIbOBI Ta ylabopaTopHi
MEeTOIY HAOCIHiIKeHb, OTpUMaHi pe3ynasraTu 6y/MM CTaTUCTUYHO OIpalboBaHi. V pesynbrarti
IOCITiIKeHb BCTAHOBJIEHO, 110 YPOXKAMHICT copTy Jliron 6yna HavBuinowo (19,3 T/ra) y BapiauTi
i3 3acTocyBaHHAM mpemnapary Brexil Ca y HopMi 1,8 71/ra, 1m0 6inblie HiXK y KOHTpoti Ha 8,3 % Ta
Ha 12,9 % HDK y BapiaHTi 3 06po6koi0 Helprost y Hopmi 1,0 si/ra. Maca miiofy 6ysa HarBUIIOK Y
coprty Jliron (296,5 r) y BapiauTi i3 3acrocyBanuam Brexil Ca (1,8 jn/ra). [TosaropeHeBa 06po6Ka
HacaJyKeHb CopTy PyKimpenaparoM Brexil Cay HopMi 1,8 j1/ra BUsBUIacs Hal61IbI eeKTUBHOIO,
30KpeMa YpOXKalHiCcTh cTaHOBWIIA 24,8 T/ra, 10 Ha 9,8 % BUIlle HiXX ¥ KOHTPOJIi Ta Ha 16,1 % HiK y
BapiauTi i3 BiokanbiieM (2,0 mi/ra) i mpenmaparom Helprost (1,0 s1/ra). HafiRpaliy ypoykaiHiCTb Ta
HaMBUIIY Macy IyIony copT [ koHarong Epii KBiH MaB y BapiaHTi i3 BUKOPHCTaHHAM IIpenapary
Helprost y HopMi 1 51/ra — BigmoBigHo 16,2 T/ra, 110 Ha 8,6 % 6inble HDK y KOHTpoti Ta 249,8 T Ha
54 % BuIIle 3a KOHTPOJIb. TBEpHICTh M'IKOTI IUIOZAIB copTy Jliron 6yna Harbinbina y BapiaHTi 3
06po6KoIo pemnaparoM Biokansiiiii (2,0 mii/ra), a coptis Ixxonaroing Epii KBiH i ®ymki y BapianTi,
Ie sactocoByBany Helprost (1,0 si/ra). OTpuMaHi pe3ynbTaTy MPAKTUYHO HAIOTh MOKJIMBICTH
MIBUIINUTA ePeKTUBHICTh BUPOOHULITBA IUIOLIB A6YHI, TTOKpALIUTH iX AKICTh TA MOZOBKUTU
TPUBAJIICTb 36epiraHHa

KnouoBi cnoBa: Jliron; [I>xoHaronz Epii KBix; ®ymKi; KanblieBMicHI IpenapaTy; ypoXKarHiCTh;
Maca IJIOAY, TBEPHiCTh M AIKOTi
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