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Study of the influence of phosphite fertilisers on the quality
of apple fruits in plantings of the ‘Fuji’ variety

Abstract. The purpose of the study was to establish the effectiveness of foliar fertilisation with
phosphite fertilisers by the company LLC “Ecoorganic” in apple plantations of the ‘Fuji’ cultivar and
to determine their influence on the dynamics of accumulation of dry soluble substances, sugars,
and organic acids in fruits. The research was conducted in 2022 on the experimental orchards of
Uman National University of Horticulture (Ukraine). In the experiment, a control without fertiliser
application and variants treated with three types of fertilisers (Poliaktiv Twinfos, Poliaktiv Twinfos
Amino, Ecoline Phosphite K-Amino) at a dose of 1.5 L/ha during the fruit ripening phase were
compared. Refractometric, spectrophotometric, and titrometric methods were used to assess the
biochemical composition of the fruits. The findings showed that foliar fertilisation significantly
affected the biochemical indicators of apple fruit quality. During the fruit ripening period, an
increaseinthe content of dry soluble substances was observed in all experimental variants; however,
the highest values were recorded when using the fertiliser Poliaktiv Twinfos, where this indicator
significantly exceeded the control. A similar pattern was established for sugar accumulation: their
maximum content was noted in fruits treated with the fertiliser Poliaktiv Twinfos, while the use of
fertilisers Poliaktiv Twinfos Amino and Ecoline Phosphite K-Amino also ensured an increase in this
indicator compared to the control. Furthermore, in all variants with foliar fertilisation, a decrease in
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the content of organic acids in fruits was observed, which contributed to the development of a more
balanced taste. The most pronounced effect of acidity reduction was established when using the
fertiliser Poliaktiv Twinfos. Practical significance of the study consists in the scientific substantiation
of the feasibility of foliar fertilisation of the ‘Fuji’ apple cultivar during the fruit ripening phase to
increase sugar content, reduce acidity, and improve the commercial and consumer qualities of
fruits under conditions of increasing climate stress

Keywords: foliar fertilisation; biochemical composition of fruits; dry soluble substances; sugar

content; organic acids

INTRODUCTION

In contemporary horticulture, the stability of
production and the competitiveness of products
are largely determined by the ability of planta-
tions to withstand high temperatures and mois-
ture deficiency during the summer period. It
is precisely in the phase of fruit filling and rip-
ening that intensive processes of carbohydrate
synthesis and accumulation, transformation
of organic acids, development of aroma, color-
ation, and flesh density occur. Disturbances in
water balance and heat load during this period
negatively affect the accumulation of soluble
solids, reduce sugar content, and worsen taste
characteristics and the market appearance of
fruits. In this regard, the search for effective fo-
liar fertilisation techniques capable of correct-
ing physiological and biochemical processes in
plants and increasing their adaptive potential
under stressful growing conditions becomes es-
pecially relevant.

Analysis of contemporary scientific studies
indicates a growing interest in the problem of
optimising fruit crop nutrition during periods
of climate change. V. Do et al. (2024) in their
study established that the combination of high
temperatures and uneven watering through-
out the growing season leads to disturbances
in physiological processes in apple trees, in
particular, to a decrease in the intensity of pho-
tosynthesis, suppression of growth processes,
and a reduction in average fruit weight. The
researchers concluded that moisture deficien-
cy in critical developmental phases negatively
affects the accumulation of soluble solids and
worsens the market quality of products, which
requires the implementation of adaptive agro-
technical measures to increase plant resist-
ance to climate stresses. Developing this area,

D

S. Swierczynski et al. (2021) showed that foliar
application of microelements, fertilisers, and
biostimulants during the phase of intensive
fruit growth activates enzymatic processes,
stabilises metabolism, and contributes to in-
creased apple yield under conditions of abi-
otic stress. The researchers emphasised that
such operational correction of mineral nutri-
tion through the leaf apparatus allows plants
to quickly respond to changes in the external
environment and reduce the negative impact
of stressful growing factors.

Similar results were obtained by some
Ukrainian researchers who investigated the in-
fluence of humic and fulvic acids on plants. In
particular, O. Rylskyi et al. (2023) noted that the
application of humic compounds in plant cul-
tivation contributes to increased plant resist-
ance to abiotic stresses, activation of enzymatic
processes, and improvement of product quality
indicators, which confirms the appropriateness
of using such substances as an element of adap-
tive agrotechnologies. Contemporary studies
emphasise the importance of improving apple
foliar feeding systems to increase productivity
and quality characteristics of fruits. In particu-
lar, V. Leus et al. (2023) showed that the appli-
cation of biostimulant micronutrients within
the framework of foliar feeding contributes to
increased fruit size, their marketability, and the
economic efficiency of cultivation. The applica-
tion of such preparations stimulates physiolog-
ical processes in the plant, which ensures more
uniform fruit growth and improves their con-
sumer properties.

The literature analysis conducted by R. Ya-
kovenko et al. (2025) confirmed that the combi-
nation of soil and foliar fertilisation is optimal

Plant and Soil Science 17(2)
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for ensuring high yields of apples and pears.
They emphasised that balanced plant nutrition
not only improves quantitative yield indica-
tors but also contributes to increasing the bio-
chemical quality of fruits, including increasing
soluble sugar content and reducing titratable
acidity, which directly affects the market and
consumer properties of the products. These
results were also confirmed by recent stud-
ies on other types of foliar fertilisation. Y. Lu et
al. (2025) showed that foliar application of ze-
rovalent iron nanoparticles significantly im-
proves photosynthetic activity, enzymatic ac-
tivity of leaves, and fruit quality of ‘Yanfu No.6’
apples. In the experiment, an increase in fruit
weight, vitamin C content, soluble proteins, and
overall quality indicators was observed, indi-
cating the effectiveness of foliar microelement
application in enhancing the physiological con-
dition of the plants.

In Ukrainian studies, I. Trushev & R. Yako-
venko (2023) investigated methods of rational
use of fertilisers and foliar feeding in intensive
apple orchards, confirming similar results. It
was shown that the application of such ap-
proaches contributes to improved tree growth,
accumulation of nutrients in leaves, and in-
creased overall yield. Additionally, O. Tkachuk
§ A. Mizeriy (2024) demonstrated that the use
of biofertilisers and foliar applications in apple
orchards improves the physiological condition
of the plants, increases yield, and enhances
fruit quality characteristics, including flesh
firmness, content of vitamin C and soluble
solids. Their results confirm that integrating
biofertilisers and foliar feeding is an effective
method for improving apple resilience to stress
factors and fruit quality.

Phosphite fertilisers attract particular in-
terest in contemporary research as a promising
element of the foliar feeding system. X. Han et
al. (2021) substantiated that phosphite com-
pounds are characterised by systemic mobility
and the ability to induce plant defence responses
in response to abiotic stresses. The researchers
noted that phosphites influence the regulation
of metabolic processes associated with plant
adaptation to adverse conditions, improving
physiological and biochemical reactions, which
can contribute to increased yield and product
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quality under stressful conditions. Further stud-
ies show that phosphite compounds can en-
hance antioxidant protection of plants, improve
their water status, and increase resistance to
temperature and water stresses. In particular,
M. Nyoni et al. (2021) demonstrated in apple trees
that foliar application of phosphonates contrib-
utes to the accumulation of phosphite residues
in plant tissues and increases their resistance
to abiotic factors. Thus, Z. Li et al. (2025) argued
that the application of phosphite fertilisers as
foliar feeding not only provides effective plant
nutrition but also acts as a powerful stimulator
of physiological processes that increase plant
resistance to abiotic stress. Researchers noted
that foliar application of phosphites promotes
the regulation of processes of soluble sugar ac-
cumulation and reduction of titratable acidity
of fruits, which directly affects their market and
consumer properties.

The purpose of the study was to evaluate the
effect of foliar application of phosphite fertil-
isers on the development of biochemical indica-
tors of apple fruit quality during their ripening
period.

MATERIALS AND METHODS
The study on the effectiveness of foliar applica-
tion of fertilisers by LLC “Ecoorganic” in apple
plantations was conducted in 2022 at the exper-
imental orchards of Uman National University
of Horticulture, located in the Mankivka natu-
ral-agriculturalregionofthe Middle Dnipro-Bug
district of the Right-Bank Forest-Steppe of
Ukraine. The object of the study was the ‘Fuji’
apple cultivar, included in the “Register of Plant
Varieties Suitable for Distribution in Ukraine”
(UIPVE, n.d.). ‘Fuji’ apple (Fuji) is an au-
tumn-winter cultivar, selected by Japanese
breeders in the Fujisaki region (from which its
name originates) by crossing the ‘Rolls Janet’
and ‘Red Delicious’ cultivars (Fig. 1). The ‘Fuji’
apple tree is of medium size, 3.0-3.5 m tall,
with a compact crown. It begins fruiting in the
3rd year. Flowering occurs in mid-late periods,
which reduces the risk of fruit set damage by
spring frosts. Fruiting is periodic, and yield is
high. The fruits are round, large, with an aver-
age weight of approximately 200 g, red-pink in
colour with yellow spots beneath the skin. The
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Figure 1. Fruits of the ‘Fuji’ apple cultivar
Source: authors' photo

flesh is creamy, crisp, with a sweet-sour taste
and high sugar content. Harvesting is carried
out in mid to late October, and the fruits reach
consumer ripeness 3-4 weeks after picking.
The cultivar is characterised by good winter
hardiness, high transportability, and a long
storage period. Resistance to diseases is aver-
age. The fruits have universal use - suitable for
fresh consumption and processing. The exper-
imental design of the study included a control
(treated with water) and three variants in which
phosphite fertilisers were applied: Poliaktiv
Twinfos, Poliaktiv Twinfos Amino, and Ecoline
Phosphite K-Amino at a rate of 1.5 L/ha (Table 1).

Table 1. Experimental design

Application phase Control

Variant 1 — Polyactive
Twinphos

Variant 3 — Ecoline
Phosphite K-Amino

Variant 2 — Polyactive
Twinphos Amino

Fruit ripening period | Water treatment

1.5L/ha

1.5L/ha 1.5L/ha

Source: the research scheme was approved by Ecoorganic (n.d.)

Fertilisers were applied on August 6, 15, and
25, 2022, during the fruit ripening period of the
‘Fuji’ cultivar (Fig. 2).

Figure 2. Images of trees
of the experimental variants
Note: 1 - Polyactive Twinphos, 2 - Polyactive Twinphos
Amino, 3 - Ecoline Phosphite K-Amino
Source: authors' photo

)

During the development of the experimen-
tal design and methodology, the main meth-
odological recommendations of Ukrainian re-
searchers G. Karpenchuk § A. Melnyk (1987) and
V. Moiseychenko § V. Eshchenko (1994), and the
authors’ original methods, were used. For all ex-
perimental variants, the control was foliar treat-
ment of the trees with water. During the fruit
formation period on the tree, the content of the
main organic substances was determined: dry
soluble substances - by refractometric method
according to DSTU ISO 2173-2007 (2009); sug-
ars - by spectrophotometric method according
to DSTU 4954-2008 (2009), organic titratable
acids - by titration with 0.IN NaOH solution.
The study was conducted in accordance with
ethical standards of the Convention on Biolog-
ical Diversity (1992) and the Convention on the
Trade in Endangered Species of Wild Fauna and
Flora (1973).

RESULTS AND DISCUSSION
The investigation of the effect of foliar fertilis-
ation of ‘Fuji’ apple trees on the development
of biochemical indicators of fruits showed that
the accumulation of main soluble dry substanc-
es (SDS) largely depended on the type of fertil-
isers and the time of application. A. Hernan-
dez-Rodriguez et al. (2021) emphasised that
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foliar nutrition significantly affects fruit quality,
including the content of soluble dry substances
and sugars, which confirms the relevance of the
study. The results indicate that during fruit rip-
ening there was a gradual accumulation of SDS.
The maximum SDS values were recorded in the
variants treated with phosphite fertilisers, par-
ticularly Poliactiv Twinfos, which indicates the
effectiveness of this preparation in increasing
the biochemical value of fruits. Notably, direct
studies on the effect of phosphite fertilisers on
the accumulation of SDS and sugars in ‘Fuji’ ap-
ples are currently absent, therefore, the current
findings are the first to demonstrate the positive
effect of phosphite foliar applications on the bi-
ochemical composition of fruits of this cultivar.
Similar tendencies were observed in stud-
ies of foliar fertilisation with microelements
and complex fertilisers. Thus, F Mirzavan-
di et al. (2025) noted that foliar application of

microelements, including phosphorus, con-
tributes to the increase in the content of solu-
ble dry substances and sugars in apple fruits.
D. Ljavi¢ et al. (2023) showed that foliar fertil-
isation changes the concentration of nutrients
in leaves and affects the development of the
biochemical composition of fruits. Thus, the
increase of SDS in the variants with Poliactiv
Twinfos corresponds to the general tendency of
improving fruit quality due to foliar nutrition. At
the beginning of September, SDS ranged from
11.0% in the control to 12.4% in the variant with
Poliactiv Twinfos. At the end of the second ten
days of September, the SDS level slightly de-
creased due to about 100 mm of precipitation,
which led to the dilution of soluble substances
in fruits. During the entire observation period,
the lowest SDS content (11.2%) was recorded in
the control, and the highest (12.8%) - with the
treatment of Poliactiv Twinfos (Fig. 3).

Control Option 1

Option 2

< 130

g 12.5

2 ﬁg ~ September 12
£ 110 - ~ September 20
S 105 — September 26
(%]

> 10.0 - —

Z 95 =

Option 3

Figure 3. Dynamics of dry soluble substances (DSS) accumulation
in ‘Fuji’ apple fruits during ripening depending on foliar treatment of plantations

Source: developed by the authors

Thus, the results indicate the effectiveness
of foliar application of phosphite fertilisers in
increasing the biochemical value of fruits of the
‘Fuji’ apple and confirm the importance of foliar
nutrition for optimising fruit quality under con-
ditions of summer heat and water stress. The

same tendencies were observed in the assess-
mentofthe soluble sugar content, whichwas also
the highest in the variant with Poliactiv Twinfos
(9.6%), while the application of Poliactiv Twinfos
Amino and Ecoline Phosphite K-Amino provid-
ed 8.85% and 8.7% of sugars, respectively (Fig. 4).

10.00

9.50
§ 9.00- September 12
g 8.50 ~ September 20
a 8001 ~ September 26

7.50- —

7.00-

Control Option 1

Option 2 Option 37

Figure 4. Dynamics of sugar accumulation
in ‘Fuji’ apple fruits during ripening depending on foliar treatment of plantations

Source: developed by the authors
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H.-F Xu et al. (2025) in their paper noted that
the application of amino acid and mineral foliar
fertiliser contributes to an increase in soluble
sugars in the ‘Snick’ apple cultivar, simultane-
ously improving Brix values and the accumula-
tion of soluble dry substances. In addition, they
noted that amino acid fertilisation stimulates
fruit metabolism and contributes to increased
sweetness while maintaining optimal acidity.
Similar results were described by S. Mousavi et
al. (2024), who showed that the use of seaweed
extract in ‘Golden Delicious’ not only increased
the content of soluble sugars by 1.2-1.5% com-
pared to the control, but also improved the
sugar-to-acid ratio, which positively affects the
taste quality of fruits. The researchers also noted

Option 1

0.31

0.3
0.29
0.28
0.27
0.26
0.25

Acidity, %

Control

that foliar treatments increased the activity of
enzymes involved in sugar synthesis, which fully
correspondstoobservationsregarding the effec-
tiveness of Poliactiv Twinfos in the current study.

Regarding organic acids, the present data
showed their decrease with the application of
phosphite preparations. In September, the acid
content in fruits ranged from 0.304% in the
control variant (water treatment) to 0.272% in
the variant with Poliactiv Twinfos, 0.278% - in
the variant with Poliactiv Twinfos Amino, and
0.288% - with the treatment of Ecoline Phos-
phite K-Amino (Fig. 5). The use of Poliactiv
Twinfos during the fruit ripening period led to
a reduction in organic acid content by 0.033%
compared to the control.

September 12
September 20
September 26

Option 2 Option 3

Figure 5. Dynamics of organic acid accumulation
in ‘Fuji’ apple fruits during ripening depending on foliar treatment of plantations

Source: developed by the authors

Similar tendencies are observed in other
studies. S. Yang et al. (2023) noted that foliar
fertiliser based on seaweed extract contributes
to a moderate decrease in acidity and a simul-
taneous increase in the sugar content of ‘Fuji’
fruits. F. Mirzavandi et al. (2025) showed that
the combined application of phosphorus with
nitrogen and iron increases the concentra-
tion of soluble sugars in fruits and moderate-
ly reduces acidity. In addition, S. Banyal (2021)
noted that foliar application of mineral fertil-
isers during the fruit filling period increases
sweetness and SDS, while acidity decreases
within 0.02-0.04%, which corresponds well to
the observations regarding the effect of Poli-
activ Twinfos. Thus, the results indicate that
phosphite fertilisation not only stimulates the
accumulation of soluble dry substances and
sugars in fruits, but also provides a moderate
reduction in organic acidity, which contributes
to the optimal combination of sweetness and
taste properties of ‘Fuji’ apples.

©)

CONCLUSIONS
As aresult of the conducted studies, it was estab-
lished that foliar feeding of ‘Fuji’ apple trees with
the phosphite fertilisers Polyactive Twinphos,
Polyactive Twinphos Amino, and Ecoline Phos-
phite K-Amino has a significant positive effect
on the development of fruit quality indicators. In
particular, an increase in soluble sugar content
and a simultaneous decrease in titratable acid-
ity were noted compared to the control variant,
which directly affects the taste properties of the
fruits and their consumer attractiveness. The
improvement of the chemical composition of
fruits is conditioned by the activation of key bio-
chemical processes during the ripening period,
in particular, the optimisation of carbohydrate
metabolism, transformation of organic acids,
increased activity of enzymes responsible for
the synthesis of biologically active compounds,
and improvement of the antioxidant potential
of the fruits. This indicates a systemic effect of
phosphite fertilisers on the physiological and
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biochemical processes of the plant, ensuring
more uniform fruit development and increasing
their market value.

Based on the obtained results, for commer-
cial plantings of ‘Fuji’ apple trees, it is advisable
to carry out foliar feeding during the fruit ripen-
ing phase using the Polyactive Twinphos fertil-
iser at a rate of 1.5 L/ha, which will contribute to
anincrease in the consumer quality of the fruits
and improvement of their taste characteris-
tics. The use of other phosphite preparations,
such as Polyactive Twinphos Amino and Ecoline
Phosphite K-Amino, is also effective; however,
it is advisable to carry out comparative testing
to determine the optimal rate and frequency
of application. Prospects for further research
lie in a comprehensive study of the effect of
phosphite fertilisers on morpho-physiological
and biochemical indicators of apple trees of
different varieties at various phases of vegeta-
tion, and in combination with other adaptive
agrotechnical measures (irrigation, mulching,
biostimulant application). Particularly relevant

is the study of the mechanisms of phosphite
action under conditions of summer heat and
water stress, and their impact on the storage
duration of fruits and the development of re-
sistance to physiological disorders. In addition,
it is advisable to investigate the economic effi-
ciency of their use in commercial plantings by
evaluating the ratio of fertiliser costs to product
quality improvement.
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Oocnip)xeHHa BnnuBy Aii pochiTHUX oobpus
Ha AKiCcTb NnopAiB A6nyHi B HAacapg)XeHHAaxX copTty ‘Oymxi’

AHoTauifa. Metoo poboTu 6y70 BCTAHOBIEHHA edEeKTHBHOCTI 3aCTOCYBaHHS I103aKOPEHEBOIO
migRUBIeHH ¢QochiTHUMU mob6puBaMu KommaHii TOB «EKOOpraHik» B HaCaIKeHHSX A6JIyHi
copty ‘Oymki’ Ta BU3HAYEHHSA IX BIUIMBY Ha AVMHAMIKy HAKOIIMYEHHA CyXUX PO3UMHHUX PEUOBUH,
LIyKpiB i opra”iyHux KUCJIOT Y IIofax. JOoCIiIRKeHH IIpoBoAwIn y 2022 polli B yMOBaX JOCTITHNX
HacaJykeHb YMAaHCHKOTO HAI[iOHAJBHOTO VHiBepcuTeTy camiBHuuTBa (YRpaiHa). V mociimi
MOpiBHIOBAJIM KOHTPOJIBHUI BapiaHT 6e3 BHeceHHsS Io6puB i BapiaHTH 3 06po6KOI0 TphOMa
Bumamu no6pus («ITomiaktuB TBiHdOC», «IlomiakTue TBiHGOC AMiHO», «EROMaiH ®ocoiTHUI
K-AwmiHo»), y mosi 1,5 5i/ra y $asy mospiBaHHA IUIOMIB. [ OIHKY 6i0XiMIYHOTO CKiafy IIJIOAIB
BUKODHCTOBYBaJIM pedpaKTOMETPUYHI, CIIeKTPOGOTOMETpUYHi Ta TUTPOMETPUYHI MeTomu
aHaJti3y. Pe3ynbTaTyl IOCIIiIKeHb 3aCBiIYUIIY, 110 [I03aKOpeHeBe MMiJIKUBJIeHHS iCTOTHO BIUIMBAJIO
Ha 6ioxiMiuHi ITOKA3HUKU SIKOCTi IUIOAIB A6JyHI. VIIPOZOBXK Iepiomy mo3piBaHHA IUIOAIB y BCiX
IOCIiZHUX BapiaHTax CIIOCTepirajsiocs 3pOCTaHHS BMICTY CyxMX PO3YMHHUX PEYOBUH, OIHAK
HaVBUII ix 3HAaYeHHS 3adikcoBaHO MpU 3acTocyBaHHI mobpuBa «[lomiakTuB TBiHGOC», Ie lieh
TIOKAa3HUK JOCTOBIPHO I1epeBUIyBaB KOHTPOJIb. AHAJIOTTYHY 3aKOHOMIPHICTD YCTAaHOBJIEHO LIOZI0
HaKOIMMYEHHSA I[YKpiB: MaKCUMaJbHUM iX BMICT BifjsHaueHO y Iuiomax 3a 06pobru m06puUBOM
«IlomiakTuB TBiHOC», TOAI K 3acToCcyBaHHS Ho6puB «IlomakTuB TBiHGOC AMiHO» Ta «EKOJIAMH
docohiTHUN K-AMiHO» TaKoK 3abesrneuyBajo MMiJBUIIEHHSA I[OT0 I[TOKA3HWKA ITOPiBHAHO 3
KOHTposneM. BomHodac y Bcix BapiaHTax i3 II03aKOpeHEeBUM IiJKUBJIEHHAM CIIOCTepirasocs
3HWKEHHSA BMICTY OpraHiYHUX KMCJIOT Y TUIOZAX, 10 CITPHSIIO GOpMyBaHHIO 6iJbIl 362J1aHCOBAHOTO
cMaKy. Haubinpin BUpa)keHu epekT 3MeHIIeHHS KUCIOTHOCTI BCTAHOBJIEHO MPY BUKOPUCTAHHI
mobpuBa «IloiakTuB TBiHOC». [I[paKTUYHA LiHHICTh pO6OTH ITOJIATAaE B HAYKOBOMY OOI'PYHTYBaHHI
JIOLIIBHOCTI 3aCTOCYBaHHS [T03aKOPEHEBOTO TiIKUBIIEHHS A6/1yHi copTy ‘®ymki'y dasy nospiBaHHS
IUIOZIB 3 METOIO IMiABUIIEHHS LIYKPUCTOCTI, 3HVKEHHS KHCJIOTHOCTI Ta MOKpallleHHS TOBapHUX i
CTIOKVBUUX KOCTEH IUIOZIB B YMOBaX 3pOCTAaHHA KIIiIMaTUYHUX CTPeCiB

KniouoBi cnoBa: Mo3aKopeHeBe IMIKUBIEHHS; 6i0XIMIYHWN CKIaf IUIOAIB; CyXi pPO3YMHHI
PEYOBHHY; BMICT LIyKpiB; OpraHiuHi KUCJIOTU
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