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study demonstrated that the treatment of potato tubers and spraying of plants during the growing season with
a nanopreparation of biological origin increased the yield of seed potatoes of Myroslava variety compared to the
control without treatment by 2.7 t/ha or 6.94 %, and Fotyniia variety - by 2.6 t/ha or 6.9 %. The use of potato tops
desiccation, treatments and mineral oil provided an increase in the yield of Myroslava by 3.3 t/ha or 9.5%. The
use of potato tops desiccation and potato treatments during three growing seasons, according to the results of
the visual method of plantation assessment, contributed to a 2.9% reduction in the damage of Myroslava potato
variety plants by virus diseases, and 2.6% in Fotyniia variety, while the damage of plants in the control varieties
was 4.5% and 4.7%, respectively. The results of the enzyme-linked immunosorbent assay of potatoes in the post-
harvest period showed that treatment of vegetative potato plants with the nanopreparation reduced the infection
of seed potatoes with Potato virus Y (PVY) by 0.5 %, while the infection of plants with PVY virus infection in the
control without treatment was 1.0 %. Based on the results of the research, elements of the system of integrated
application of a multicomponent nanopreparation of biological origin, spraying of plantations with insecticides
and mineral oil and desiccation of potato tops to combat viral diseases of pre-basic, basic and certified seed

potatoes were proposed

Keywords: yield; viral diseases; Potato virus Y infection; nanoparticle-based preparations; mineral oil

INTRODUCTION

An important problem in potato growing is the high
susceptibility of potatoes to viral diseases. Potatoes
can be affected by more than 50 viruses. For instance,
when potato plants are infected with the PVY virus,
the yield reduction can reach up to 80% (Kreuze et
al,, 2020; Jones, 2021). Studies evaluating the yield of
potatoes derived from PVY-infected seed determined
that 1% PVY infection in seed resulted in a 0.18 t/ha
reduction in yield, marketability, and tuber size (Tor-
rance & Talianksy, 2020). The spread of the PVY virus
in the United States has been increasing since 2000
(Mondal et al,, 2023). In Ukraine, a significant increase
in the spread of potato diseases caused by PVY alone
and with pathocomplexes of other viruses has been de-
tected. Measures to limit the spread of PVY in potato
plantations include quality control of seed potato lots,
selection of resistant varieties, early phytosorting to re-
duce the amount of harmful inoculum in the field and
the destruction of vector vectors (Demchuk et al., 2024).

The results of many studies demonstrate the effec-
tiveness of the use of mineral oils together with other
methods of protecting seed potatoes from re-infection
with PVY virus infection in the field. G.V. Baliota and
C.G. Athanassiou (2023) presented an in-depth analysis
of the insecticidal properties of mineral oils. The most
effective method was to combine the use of mineral
oils with insecticides. Mineral oils are harmless to the
environment and do not cause resistance in target in-
sect pests. T.D.B. MacKenzie et al. (2022) proved that the
use of mineral oils increases the retention of a pyre-
throid insecticide in potato leaves for a longer period
compared to insecticides that were applied without the
addition of mineral oils, which confirms the positive
synergistic effect of combined spraying of plantations
to reduce the spread of PVY.

Field trials conducted by J.L. Rolot et al. (2021) in
the Ardennes region of Belgium using insecticide treat-
ments with mineral oil, insecticides and mixtures of
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insecticides showed that the use of mineral oil is an
effective way to protect seed potato crops from the
spread of PVY.However, this protection may not be suffi-
cient. The study determined that the use of insecticides
was ineffective, especially pyrethroid drugs. Systemic
insecticides provided additional protection if applied in
a mixture with mineral oil during the period of high ac-
tivity of winged aphids. Early destruction of the above-
ground vegetative mass of plants reduced the presence
of PVY infection in the seed tubers. Mulching planta-
tions treated with mineral oil with straw increase the
level of protection of potato crops. It can also reduce
the number of sprayings required.

A. Bondarchuk et al. (2020) also proved that an ef-
fective agronomic measure to maintain high-quality
characteristics of seed potatoes is the removal of potato
tops, which significantly reduces the number of tubers
infected with viruses in the current year due to the fact
that virus particles do not have time to penetrate the
tubers of the new crop. The probability of virus infec-
tion of plants is significantly reduced with a decrease in
the number of insect vectors and their activity with the
use of insecticides and mineral oils. O. Vushnevska et
al. (2021) revealed the best way to preserve the quality
of potato seed material, which reduced the content of
viral infection in seed potatoes, which was achieved by
using desiccation of potato tops on the 20" day after
flowering of potato varieties Myroslava, Predslava and
Alliance and the use of Sunspray mineral oil. Biologi-
cal products with antiviral effects can be an alternative
environmental element of the system for combating
viral diseases. S.M. Talebi and M. Ghorbanpour (2023)
demonstrated that nanopreparations are used as fer-
tilisers and can eliminate the effects of environmental
stress on plants. B. Rashwan et al. (2023) proved that
the treatment of plants with NP Zn resulted in a sig-
nificant improvement in their growth parameters, yield
and nutritional qualities of tubers.




The issues of antiviral properties of a biological
multicomponent micronutrient preparation with nano-
particles and NP Ni for the protection of seed potatoes
from potato diseases remain poorly understood. The
use of mineral oil and insecticide treatments for basic
seed potatoes in the southern Polissia zone of Ukraine
is also insufficiently studied. Therefore, the study aimed
to develop elements of control of potato virus infections
using nanopreparations, insecticide treatments in com-
bination with mineral oil and potato tops desiccation.

Levkivskyi et al.

MATERIALS AND METHODS

The research was conducted in the fields of scien-
tific crop rotation at the Institute of Potato Grow-
ing of the National Academy of Agrarian Sciences of
Ukraine. In 2021-2023, certified seed potatoes of su-

per-superelite, superelite and elite classes, improved

by biotechnology, were planted. The field experiment
was conducted following the provisions of A.A. Bond-
archuk et al. (2019). The scheme of the experiment is

shown in Table 1.

Table 1. Experiment design

Variant Experiment variants
number
1 Control 1. Treatment of tubers with Celest® Top, 0.7 l/ha.
2 Seed treatment with Avatar-2 Protection, 300 ml/ha; plant treatment® with Avatar-2 Protection, 200 ml/ha
3 Treatment of seed material with Celest® Top, 0.7 I/ha and NP Ni, 20 ml/L of water; treatment of plants® with NP Ni,
20 ml/l of water
4 Control 2. Treatment of seed material with Celest® Top, 0.7 |/ha; destruction of tops with Reglon® Super 150 SL, 2.0 l/ha
5 Treatment of seed material with Avatar-2 Protection, 300 ml/ha; treatment of plants® with Avatar-2 Protection, 200 ml/
ha; destruction of tops with Reglon® Super 150 SL, 2.0 /ha.
6 Treatment of seed material with Celest® Top, 0.7 I/ha, NP Ni; 20 ml/L of water; treatment of plants* with NP Ni, 20 ml/L
of water; destruction of tops with Reglon® Super 150 SL, 2.0 l/ha.
7 Control 3. Seed treatment with Celest® Top, 0.7 I/ha; plant treatment™ with OLEMIX® 84 k.e. mineral oil, 1.0 l/ha; tops
destruction with Reglon® Super 150 SL, 2.0 l/ha.
Treatment of seed material with Avatar-2 Protection, 300 ml/ha; treatment of plants™ with Avatar-2 Protection,
8 200 ml/ha; treatment of plants® with OLEMIX® 84 h.e. mineral oil, 1.0 |/ha; destruction of tops with Reglon® Super 150
SL, 2.0 I/ha.
9 Treatment of seed material with Celest® Top, 0.7 l/ha, Ni nanoparticles, 20 ml/L of water; treatment of plants®, 20 ml/L of

water; mineral oil OLEMIX® 84 k.e., 1.0 l/ha; destruction of tops with Reglon® Super 150 SL, 2.0 l/ha.

Note: treatment of plants during the growing season with Avatar-2 Protection, Olemix® 84 k.e. mineral oil, and NP Ni was

done during the plant development phase: seedlings (BBCH 1-10) and budding (BBCH 51-59)

Source: compiled by the author

All experimental variants except 1 (control) used
drugs as the base model: Engio® 247 SC hp, 0.18 l/ha;
Fastak® 100 EC, 0.07-0.10 l/ha; Karate® Zeon 050 EC,
0.1-0.2 l/ha; Metaxyl® ZP, 2.5 kg/h; Shirlan® 500 SC,
0.3 l/ha; Nativo® 75 WG, 0.35 kg/ha. Spraying of po-
tato seed material and spraying of plants was carried
out with a manual sprayer, with a water rate of 10 l/t
for seed treatment and 170 l/ha for plant treatment.
For phenological studies, biometric measurements, and
determining the timing of various types of technologi-
cal operations, including desiccation of potato tops, the
international scale of plant growth and development
BBSN was used, which defines the following phases:
seedlings (BBCH 1-10), budding (BBCH 51-59), flower-
ing (BBCH 60-69), ‘green berry3 (BBCH 70-79), techni-
cal maturity (BBCH 91-99).

The experiment was replicated four times. The total
area of the variant is 22.5 m?, and the accounting area
is 11.25 m2.The experiment was conducted by the over-
lapping method during 2021-2023, i.e. the seed materi-
al was not changed every subsequent growing season.
The method of planting potatoes is 75x20 cm with a
plant density of 66.7 thousand units/ha. The cultiva-
tion technology is generally accepted for seed potato

plantations in the Polissia zone of Ukraine.In the spring,

the field was ploughed and cultivated, and ridges were
formed at the beginning of potato germination with a
milling cultivator. Mineral fertilisers were applied in
the form of nitroammophoska at a rate of 500 kg/h in
physical weight or active ingredient: N, P, K. in kg/h
with the addition of potash fertiliser at a dose of K, kg
of active ingredient per 1 ha. Fertilisers were applied
locally in the rows during potato planting, and ammo-
nium nitrate - N, kg/h of active ingredient was applied
in the phase of growth and development of potato
plants - plant sprouts.

The experiment used NP Ni and the Avatar-2 pro-
tection preparation. The composition of Avatar-2 pro-

tection includes the following chemical elements: S, Cu,
[, AL, Ni, Bi and V, Mg, Zn, Fe, Mn, Co, Mo, La, Ti, Se, Ge,

Si, B and Ce, produced by nanotechnology and in or-
ganic compounds with citric acid. Avatar-2 Protection is
registered in Ukraine and certified by Organic Standard
LLC. The preparation based on NP Ni contains NP as a
dispersed phase and 1.5-2.5% citric acid solution as a
dispersion medium. The dose of the preparation based
on NP Ni is specified by the manufacturer (Avatar Re-
search and Production Company LLC).
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Visual assessment of the symptoms of viral diseases
on potato plants was carried out following the Guide-
lines for field assessment of seed potato plantations
(Furdyha et al., 2023). Desiccation of the aboveground
mass of plants was carried out during the period of
maximum formation of seed tubers no more than 28-
60 mm in size by the largest transverse diameter of 70-
80% of the structure of the entire crop. Potato tops were
removed by spraying the plants with Reglon® Super
150 SL with 2 treatments - the first treatment of tops
at a dose of 0.8 |/ha, the second - at 1.2 l/ha. Spray-
ing of the plantations with mineral oil OLEMIX® 84 k.e.
was performed along with the application of insecti-
cides and fungicides at a dose of 1.0 l/ha per 300 l/ha
of water. The yield was determined from each variant
and each replication. Before harvesting, the number of
healthy and diseased plants was determined, and the
places of possible exceptions to sowing were identified.

Statistical processing of the experimental data was
done based on a one-factor analysis of the variance
of the results of the field experiment (Bondarchuk et
al, 2019). The vyield increase was calculated relative
to the controls following the experimental design (Ta-
ble 1). The content of virus infection in potato plants
was determined by indexing tubers in the post-harvest
period according to the method of M.M. Furdyha et
al. The detection of PVY virus infection in potato tu-
bers was carried out by a solid-phase enzyme-linked
immunosorbent assay (ELISA) (double sandwich ver-
sion, DAS-ELISA) using commercial test systems from
LOEWE, Germany. The results of the enzyme-linked im-
munosorbent assay were read on a Termo Labsystems
Opsis MR photometer (USA) with the Dunex Revelation
Quicklink software at 405 nm. Statistical processing of
the results of optical density in the wells of the polysty-
rene plate with samples was carried out by descriptive
statistics, with the establishment of mean and stand-
ard deviations of the data. For each plate, the thresh-
old value of optical density was set separately to de-
termine the positive results of the enzymatic reaction
different from the background value according to the
recommendations (Technical Information. ELISA Data
Analysis). The authors adhered to the standards of the

Convention on Biological Diversity (1992) and the Con-
vention on Trade in Endangered Species of Wild Fauna
and Flora (1979).

RESULTS AND DISCUSSION

Determination of the effect of the preparation with
nanoparticles on the vyield of basic seed potatoes
showed that on average for 2021-2023 treatment of
planting material and plantations according to the
scheme: seed treatment with 300 ml/ha + plant treat-
ment with 200 ml/ha during vegetation (variant 2), the
yield of seed potatoes of Myroslava variety increased by
2.7 t/ha or 6.94% (at NIR  value of 1.24-1.4 t/ha), and
by 2.6 t/ha or 6.9% for Fotyniia variety (at NIR ; value of
1.13-1.45 t/ha) (Table 2). Spraying of planting material
and vegetative plants with NP Ni did not contribute to
the growth of seed potato yields of Myroslava and Fo-
tyniia varieties. The treatment of basic seed potatoes
with the product and the use of potato tops desiccation
on average for three growing seasons, 2021-2023, in-
creased theyield of Myroslava variety by 2.5 t/ha or 6.5%.

A. Vasylchenko and S. Derevianko (2022) also in-
dicated that the “preparation with nanoparticles” has
antioxidant and protective activity and contributes to
the growth of crop productivity. The use of the NP Se+l
composition had a positive effect on the marketability
of tubers and potato yield. WA, Al-Selwey et al. (2023)
determined that the use of ZnO and SiO, nanoparticles
improved the biochemical properties of potato tubers,
contributed to increased plant resistance to diseases,
improved growth and development, and increased pro-
ductivity and quality of potatoes under moisture deficit
conditions.The use of mineral oil against the background
of treatments with preparation with nanoparticles and
desiccation of potato tops contributed to an increase in
yield by 3.3 (9.5%) t/ha in the Myroslava potato variety
(with a NIR ; value of 1.94-2.01 t/ha). In the Fotyniia va-
riety, this variant did not show an increase in yield. The
use of mineral oil against the background of treatments
of planting material and plants during the growing sea-
son with NP Ni provided an increase in the yield of po-
tato variety Myroslava in 2023 by 2.0 t/ha, while this
effect was not detected in the potato variety Fotyniia.

Table 2. Effect of the use of plant protection system elements against virus infections
of basic seed potatoes on yield, 2021-2023

2021 2022 2023 2021-2023
.Yj:]?)r:r Experiment variants Yield, Increase Yield, Increase Yield, Increase — Increase
tha tha % tha tha % tha tha % t'/‘;a’ tha %
1 2 3 4 5 6 7 8 9 10 11 12 13 14
Myroslava variety
Control 1. Processing with
1. Celeste® Top 41.1 41.7 34.1 389
2. Processing with Avatar-2 434 23 56 447 30 72 366 25 73 416 27 694
Protection
3. Ni+ processing with Celeste® Top  41.3 419 35.0 - 39.4
HIP, - 1.24 - 1.40 - 1.29 -
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Tab

le 2. Continued

Variant

Experiment variants
number

2021

2022

2023

2021-2023

Yield,
t/ha

Increase

t/ha %

Yield,
t/ha

Increase

Increase

Increase

Yield,

t/ha % t/ha

t/ha %

Yield,
t/ha

t/ha %

1 2

4 5

7 8 9

10 11

12

13 14

S, %

0.9

0.9 =

1.1

Control 2. Processing with
4. Celeste® Top alongside
desiccation

404

357

Processing with Avatar-2
Protection alongside desiccation

34 9.2

423

2.0 6.7

2.5

Ni treatment + Celeste Top®
alongside desiccation

40.1

HIP

05

1.30

2.55 -

1.95

5%

1.0

1.8 -

Control 3. Treatment with
7. Celeste® Top alongside
desiccation

379

34.6

Processing with Avatar-2
8. Protection alongside mineral oil
and desiccation

40.1

33 8.9

40.5

2.6 6.9

39 134

379

33 9.5

Ni treatment + Celeste Top®
9 alongside mineral oil and
desiccation

36.7

42.1

4.2 111

1.9 6.5

2.0 5.8

HIP

05

2.01

1.94 -

1.95

5%

1.5

14 -

1.9

Variety Photinia

Control 1. Processing with
Celeste® Top

40.6

375

Processing with Avatar-2
Protection

3.5 10.5

433

2.7 6.7

40.1

2.6 6.9

3. Ni+ processing with Celeste® Top

39.6

376

1.4 3.7

HIP

05

1.13

1.45 -

1.20

5%

0.9

1.0 -

1.0

Control 2. Processing with
4. Celeste® Top alongside
desiccation

Processing with Avatar-2
Protection alongside desiccation

2.8 9.8

2.6 6.8-

1.6 5.0

Ni treatment + Celeste Top®
alongside desiccation

1.0 3.2

HIP

2.30

2.07 -

S, %

2.3

1.5 -

Control 3. Treatment with
7. Celeste® Top alongside
desiccation

42.6

Processing with Avatar-2
8. Protection alongside mineral oil
and desiccation

30.6

20 7.0

421

0.3 0.9

Ni treatment + Celeste Top®
9 alongside mineral oil and
desiccation

28.7

41.7

HIP

05

242

1.13 -

1.42

5%

2.4

0.8 -

1.7

Source: compiled by the author

In studies on the action of NP Se+| and preparation
with nanoparticles, S. Derevianko and A. Vasylchen-
ko (2020) determined the most effective composition
for the control of infectious diseases in potatoes. The
study by S. Liu et al. (2024) on the antiviral properties of
NP of copper oxide (CUONPs) using orange peel extract
showed effective control of tobacco mosaic virus (TMV)

infection both in vitro and in vivo. L. Cai et al. (2020)
highlighted antiviral activity against the Tobacco mo-
saic virus of NP Fe,0,. Studies conducted in 2021-2023
determined that the use of the drug and NP Ni for the
treatment of planting tubers and plantations reduced
the manifestation of symptoms of viral diseases on
vegetative potato plants (Table 3).

Scientific Horizons, 2025, Vol. 28, No. 2
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Table 3. Influence of plant protection system elements
on the defeat of basic seed potatoes by viral diseases (by symptoms), 2021-2023, %

Variant Experiment variants Mottling Mosaic leaf V\{rlnkled an.d Total
number curl striped mosaics
1 2 3 4 5 6
Myroslava variety
1. Control of processing with Celeste® Top 3.18 1.17 0.17 4.51
2. Processing with Avatar-2 Protection 1.26 0.41 0 1.68
3. Ni+ processing with Celeste® Top 2.12 0.99 0 311
4. Control of processing with Celeste® Top alongside desiccation 2.09 0.53 0 2.62
5. Treatment with Avatar-2 protection alongside tops removal 1.14 0.26 0 14
6. Ni treatment with Celeste® Top alongside tops removal 1.57 0.42 0 1.99
7. Control of treatment with Celeste® Top alongside tops removal 0.59 0.33 0 0.93
Treatment with Avatar-2 protection alongside Celeste® Top and
8 minerall:())il with tops regrjnoval P 0.75 0.25 0 1
9. Ni treatment with Celeste® Top alongside mineral oil and tops 097 03 0 127
removal
HIP . 0.90 0.36 0.05 1.31
S% 0.30 0.12 0.02 0.43
Fotyniia variety
1. Control of processing with Celeste® Top 3.18 1.37 0.17 4.71
2. Processing with Avatar-2 Protection 1.61 0.5 0 2.11
3. Ni+ processing with Celeste® Top 2.34 0.73 0 3.08
4. Control of processing with Celeste® Top alongside desiccation 1.67 0.7 0 2.37
5. Treatment with Avatar-2 protection alongside tops removal 1.14 0.4 0 1.54
6. Ni treatment with Celeste® Top alongside tops removal 141 0.57 0 1.98
7. Control of treatment with Celeste® Top alongside tops removal 0.56 0.23 0 0.79
Treatment with Avatar-2 protection alongside Celeste® Top and
8 minerachJJil with tops regrlnoval P 0.65 0.27 0 0.92
9. Ni treatment with Celeste® Top alongside mineral oil and tops 069 023 0 092
removal
HIP 0.90 0.38 0.05 1.33
S, % 0.30 0.13 0.02 0.45

Source: compiled by the author

Seed potatoes of the Myroslava variety under
treatment of tubers before planting and double spray-
ing of plants with preparation with nanoparticles (var-
iant 2) had a 2.9% reduction in plant damage by viral
diseases compared to the control without treatment
by visual assessment. In the variety Fotyniia, the re-
duction of viral diseases was 2.6%, while the damage
in the control was 4.7%. Reduction of plant damage
by mosaic curl of potato leaves (causative agent - Po-
tato virus M (PVM)) in Myroslava variety was 0.7%, in
Fotyniia variety - 0.8%, by leaf spot disease (causa-
tive agent - Potato virus S (PVS)) - by 2.2% and 1.6%,
respectively, by varieties. Symptoms of potato plant
damage by wrinkled and striped mosaic (causative
agent - Potato virus Y) were observed in the control
variant without treatments - 0.3% of plants in the
Myroslava variety and 0.2% of plants in the Fotyniia
variety. The use of a product based on Ni NF reduced
the manifestation of symptoms of viral diseases by
1.5% in the Myroslava potato variety and by 1.7% in
the Fotyniia potato variety; when using potato tops

Scientific Horizons, 2025, Vol. 28, No. 2

desiccation - by 0.7% and 0.5%, respectively. Desicca-
tion of tops (variant 4) contributed to a 1.7% reduction
in potato virus infection in the Myroslava variety and
1.5% in the Fotyniia variety.

The combination of tops desiccation with nanopar-
ticle treatment (variant 5) reduced the damage of the
Myroslava variety by virus diseases by 3.1%, the Foty-
niia variety - by 3.2%, including mosaic curl by 2.0%
and 0.9% respectively, with the disease affecting 1.1%
and 1.3% of plants in the control, respectively, by vari-
eties. The use of mineral oil (variant 7) contributed to
a decrease in plant damage by viral diseases compared
to the control with desiccation of the aboveground
mass of plants in the Myroslava variety by 1.8%, and
in the Fotyniia variety - by 1.9%. The complex effect
of the preparation, tops desiccation, and oil treatment
of plants (variant 8) provided a 3.5% reduction in seed
potato virus disease damage in Myroslava and 4.0% in
Fotyniia. N.I. Helmy et al. (2023) determined that NPs
are effective in combating plant viruses. The compar-
ison of curcumin (Cur) and curcumin NPs (Cur NPs) as




methods of protection against potato virus Y N™ (PVYN-
TN) infection determined that plants treated with Cur
NPs+V (10 mg/ml) had the highest percentage of re-
duction in severe viral disease (98%), therefore Cu NPs
have the potential of a low-cost, highly effective means
of controlling potato viruses and are an alternative to
traditional PVY control technologies.

The results of ELISA diagnostics of seed potatoes in
the post-harvest period in 2023 (Table 4) showed that
the treatment of planting material and vegetative pota-
to plants with preparation with nanoparticles contrib-
uted to a decrease in the damage to seed potatoes by
PVY.The reduction in the level of PVY damage to potato
plants relative to the control variant of Myroslava and
Fotyniia varieties was 0.5%, while the control indicator
was 1.0%. Treatment of plants with the preparation and
desiccation of the aboveground part of plants during

Levkivskyi et al.

three growing seasons (variant 6) ensured the absence
of infected potato plants with PVY, while in the control
variant, 1.0% of diseased plants were found. Research
conducted by M.A. Shah et al. (2021) found that mineral
oils reduce the spread of PVY by more than 50% com-
pared to untreated controls. M. Kamlesh et al. (2020)
and V. Rakesh et al. (2024) also confirmed that min-
eral oils in combination with insecticidal treatments
provided a high level of efficiency (over 50%) in pro-
tecting seed potatoes from PVY infection in the field.
T.D.B. MacKenzie et al. (2020) highlighted the impor-
tance of mineral oil treatments of seed potato planta-
tions in maintaining seed quality. The use of mineral oil
treatments of seed potato plantations (variant 7, 8, 9)
against the background of insecticide treatments en-
sured that the varieties Myroslava and Fotyniia did not
have PVY infection.

39

Table 4. Dependence of infection of basic seed potatoes with Potato virus Y
on the use of plant protection system elements,%, 2023

Variant

Experiment variants PVY
number
Myroslava variety
1. Controll Celeste® Top 1.0
2. Avatar-2 Protection 0.5
3. NP Ni + Celeste® Top 1.0
4, Control 2. Celeste® Top + tops removal 0.5
5. Avatar-2 Protection + tops removal 0
6. NP Ni with Celeste® Top alongside tops removal 0.5
7. Control 3. Celeste® Top alongside mineral oil and tops removal 0
8. Avatar-2 protection alongside Celeste® Top and mineral oil with tops removal 0
9. NP N. treatment with Celeste® Top alongside mineral oil and tops removal 0
Fotyniia variety

1. Controll Celeste® Top 1.0
2. Avatar-2 Protection 0.5
3. NP Ni + Celeste® Top 1.0
4. Control 2. Celeste® Top + tops removal 0.5
5. Avatar-2 Protection + tops removal 0
6. NP Ni with Celeste® Top alongside tops removal 0.5
7. Control 3. Celeste® Top alongside mineral oil and tops removal 0
8. Avatar-2 protection alongside Celeste® Top and mineral oil with tops removal 0
9. NP N. treatment with Celeste® Top alongside mineral oil and tops removal 0

Source: compiled by the author

As aresult of the research, methods were developed
to reduce the infection of seed potatoes with viral path-
ogens in the agroecological conditions of the Southern
Polissia zone of Ukraine using a nanoparticle-based
preparation, Ni NPs, insecticidal plant treatments in
combination with “mineral oil” and tops removal.

CONCLUSIONS

The use of early desiccation and preparation with nan-
oparticles in 2021-2023 reduced the damage to plants
of the Myroslava variety by virus diseases by 2.9%, in the
Fotyniia variety the reduction of virus disease damage
was 2.6%, while the value in the control without treat-

mentwas 4.7%.The use of mineral oil reduced the mani-
festation of symptoms of viral diseases on potato plants
compared to the control without desiccation treatment
in the Fotyniia variety by 1.9% and in the Miroslava va-
riety by 1.8%. The combined effect of the preparation,
top desiccation and oil treatment of plants ensured a
3.5% reduction in the manifestation of symptoms of vi-
ral diseases in the Myroslava potato variety and a 4.0%
reduction in the Fotyniia variety. Symptoms of potato
plants affected by wrinkled and striped mosaics (Potato
virus Y pathogen) were observed in the control variant
without treatments - 0.3% of plants in the Myrosla-
va variety and 0.2% of plants in the Fotyniia variety.
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ELISA diagnostics of plants grown from seed pota-
to tubers showed that treatment of vegetative plants
with nanoparticle preparation reduced PVY damage in
Myroslava and Fotyniia varieties by 0.5%, while the
damage in the control plants of both varieties was
1.0%. The treatment of plants with the product, des-
iccation of tops, and treatment of plants with mineral
oil during three growing seasons ensured the absence
of infected PVY potato plants, while 1.0% of diseased
plants were found in the control variant. Elements of
the plant protection system for basic seed potatoes
against viral infections were developed using a biolog-
ical preparation based on Ni nanoparticles, with the
application of mineral oil in plantations in combina-
tion with insecticides and top removal. The proposed
measures had a positive effect on the yield of basic
seed potatoes of Myroslava and Fotyniiaa varieties
in the South of Polissia of Ukraine. The average yield

increase during the research period for the applica-
tion of the preparation with nanoparticles was 2.7 t/
ha for the Myroslava seed potato variety and 2.6 t/ha
for the Fotyniia variety. The use of Ni NPs did not con-
tribute to the growth of the yield of potato varieties
Miroslava and Fotyniia.
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AHorTauis. BipycHi xBopobu cTaHOBNATb 3HAaYHy npobnemy Ans HaCiHHMUTBA KapTonni, TOMy Ans 3abe3neyeHHs
BMCOKMX SKICHMX XapaKTepuUCTUK HACiHHEBOrO MaTepiany BaX/MBUMMU € OOCTIIXKEHHS WOAO PO3pOOKM HOBMX
MEeTOAIB iX KOHTpoON. MeTa pocnigxeHb nongrana y BM3HAYEHHI ePeKTUBHOCTI KOMMIEKCHOro 3aCTOCYBaHHS
€/1eMEHTIB CUCTEMM 3aXMCTy HacaaxeHb 6a30BOi HACIHHEBOI KapTonai BiA BipyCHUX XBOPOO 33 BMKOPUCTAHHS
MiHepanbHUX ONil, BUAANeHHa 6aamnns 1a 6ioNoriyHMX NpenapaTtiB Ha OCHOBI HAHOYACTMHOK B yMoBax [liBOHS
Monicca Ykpainu. BctaHoBneHo, wo obpobka caguBHux Bynbb kapTonni Ta 0BNpPUCKYBAHHA POCAMH Mif 4ac
BereTalii HaHonpenapaToM 6ioNOriYHOro NOXOMKEHHS NiABMLLYBANWN PiBEHb YPOXKAMHOCTI HACIHHEBOI KapTonni
copty MupocnaBa BifHOCHO KOHTposto 6e3 06pobok Ha 2,7 T/ra abo 6,94 %, copTy @oTuHIA — Ha 2,6 T/ra abo 6,9 %.
3aCTOCyBaHHSA fecukaLlii KapTonanHHS, 06pobok Ta MiHepanbHOI onii 3abe3ne4ynno NPUPICT YPOXAMHOCTI CopTy
Mupocnasa Ha 3,3 1/ra abo Ha 9,5 %. BukopuctaHHs gecukauii KapToniMHHS Ta 06poboK KapTonii BNpOAoBX
TPbOX BeretauiiHUX C€30HIB 3a pe3yabTaTaMu Bi3yasibHOr0 MeTOAY OLiHIOBAHHS HAaCaOXKeHb CNPUSI0 3HUKEHHIO
YPaXeHHS POC/IMH COPTY KapTonni Mupocnasa BipycHMMM xBopobamu Ha 2,9 %, copty DoTuHia - Ha 2,6 %, 3a
YPaXXEHHS pOCAIMH Ha KOHTponi BiAnoBigHO y copTie 4,5 Ta 4,7 %. Pe3ynbtatv iMyHOpEpPMEHTHOT AiarHOCTUKM
KapTonni y nicnga3bupanbHuii nepiog nokasanu, Wo ob6pobku BereTyumMx pOCAMH KapTonai HaHOMpenapaToMm
CNPUSAN 3HUXKEHHIO 3apaXeHHs HaciHHEBOT kapTonni Potato virus Y (PVY) Ha 0,5 %, 3a ypaxKeHHS pOoC/ivH BipyCHOO
iHdekuieto PVY Ha koHTponi 6e3 06pobok 1,0 %. 3a pesynbTaTaMu f0CNIAXKEHD 3aMPONOHOBAHO €lEMEHTU CUCTEMM
KOMM/IEKCHOro 3aCTOCYBaHHS 6araTOKOMNOHEHTHOro HaHompenapaTy 6ioNoriYHOro NOXOAXeHHs, 06MPUCKyBaHb
HacagXXeHb iHCeKTULMAAMM Ta MiHEepanbHOK ONi€l0 Ta AEeCMKaLii KapTOMAMHHA Ang 60poTbbu 3 BipyCHUMM
xBopobamu f06a30B0i, 6a30B0i Ta cepTUPiKOBAHOI HACIHHEBOI KapTonni

KniouoBi cnoBa: ypoxaliHicTb; BipycHi xBopobwu; iHdekuia Potato virus Y; npenapaTv Ha OCHOBi HAaHOYACTMHOK;
MiHepasnbHa onis
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