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Impact of biopreparations
on the phytopathological state of potato plants

Abstract. Given the frequent use of chemical agents for the control of potato diseases, it is crucial
to explore protective measures that consider agroecological aspects. This study aimed to determine
theimpact of biological preparations on the development of late blight and alternariosis in potatoes.
Research on the effects of biopreparations on the main diseases of potatoes was conducted over
three years under field conditions at the Volyn State Agricultural Research Station of the Institute
of Potato Growing of the National Academy of Agrarian Sciences of Ukraine. The experimental
design, disease diagnosis, and assessment of the technical efficacy of biological preparations
against potato diseases were performed according to established methodologies. The experiments
revealed that the application of biopreparations under various conditions leads to a reduction in
the intensity of late blight and alternariosis in potatoes, as well as contributing to the preservation
of yield. Lower disease development and higher efficacy of biopreparations were observed
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in the context where the biodestructor Ekostern (1.2 L/ha) and the biopreparation MycoHelp
(20 L/ha) were applied, alongside three rounds of plant spraying with various biological
preparations - Agat-25K, Regoplant, PhytoHelp, and Stimpo. Among these, PhytoHelp, with
an application rate of 1.0 L/ha, exhibited the highest technical efficacy. The use of biological
preparations in different contexts increased potato tuber yield. Specifically, with the application of
MycoHelp at 2.0 L/ha and the spraying of plants with various biological agents, the preserved yield
ranged from 171 to 2.02 t/ha. The application of biopreparations alongside the use of Ekostern at
1.2 L/ha and MycoHelp at 2.0 L/ha contributed to yield increases across various treatments, ranging
from 1.6 to 2.21 t/ha. The obtained results are deemed useful for enhancing the effectiveness of
the integrated protection system for potatoes against specific diseases and for developing organic
cultivation technologies for table potatoes on sod-podzolic soils

Keywords: potato blight; alternariosis; disease development; technical efficacy, potato tuber yield

INTRODUCTION
Biopreparations can provide a more environ-
mentally safe and effective means of protecting
plants from diseases due to their natural active
components, which exert a lesser impact on
the environment compared to chemical agents.
Their application can help reduce the risk of
soil and water resource contamination, as well
as minimise the negative effects on beneficial
organisms essential for maintaining ecologi-
cal balance. Furthermore, biopreparations can
decrease the risk of pathogen resistance devel-
opment, a common occurrence with prolonged
use of chemical treatments. In addition to their
ecological benefits, biopreparations can signif-
icantly enhance crop yields and improve plant
quality owing to their growth-promoting prop-
erties and ability to strengthen plant immunity.
This is critically important for ensuring food se-
curity, as high yields and quality produce meet
the population’s needs and enhance economic
stability within the agricultural sector. The study
and implementation of biopreparations could
be vital steps towards the development of sus-
tainable agriculture and the introduction of new,
more effective methods for combating phyto-
pathogens.

M. Koch et al. (2020) highlighted the signif-
icance of potatoes (Solanum tuberosum L.) in
agriculture due to their high yield potential and
valuable nutritional properties, including min-
erals, vitamins, antioxidants, protein, and fibre.
T. Deguchi et al. (2016) reported that global potato
consumption is approximately 35 kg per person
per year. They also found that optimal growing
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conditions for potatoes are in regions with aver-
age daily temperatures between 10 and 20°C. In
Japan, as noted by the authors, plastic mulching
is often used to accelerate planting and warm
the soil more quickly. This practice is employed
to achieve higher prices for early harvests, free
up land for rice cultivation, and reduce the risk
of late blight under conditions of heavy rainfall.

At the same time, according to T. Artyukh et
al. (2022), the use of polyethylene film mulching
in Ukraine is infrequent, despite the strategic
importance of potatoes for the country’s food
security. As of 2021, Ukraine ranked fourth glob-
ally in potato production and second in per cap-
ita consumption at 139 kg. However, the authors
highlighted that diseases affecting potatoes
during growth and storage are among the key
limiting factors for yield and quality.

According to M. Berhan (2021), late blight
(caused by Phytophthora infestans (Mont.) de
Bary) and alternariosis (caused by Alternaria
solani (Ell. et Mart.) Sor.) are among the most
prevalent potato diseases worldwide. S.K. Bomok
§ M.Y. Pikovskyi (2019) found that during storage,
table potatoes often develop fungal rots such as
dry fusarium, phoma, white, grey, and verticilli-
um rots, as well as common scab and black scurf.
These diseases reduce the quality of tubers, de-
creasing their dry matter and starch content.
Research by S.K. Bomok et al. (2020) identified
late blight and alternariosis as the most danger-
ous potato diseases in Ukraine. M.M. Kyryk et
al. (2012) highlighted that late blight affects the
above-ground parts of the potato plant and can
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also spread to tubers, while alternariosis causes
leaf spot and stem necrosis.

R. Sharma et al. (2020) investigated the
widespread use of chemical pesticides for po-
tato disease control, highlighting the increasing
pesticide load on the biosphere. They identified
a lack of high-yielding varieties and the preva-
lence of diseases, particularly alternariosis, as
major factors limiting potato yield. . Yuen (2021)
also emphasised the significant impact of Phy-
tophthora infestans on food security. Due to the
prolonged use of fungicides for disease con-
trol, many potato varieties require continuous
chemical treatments or possess disease-resist-
ance genes.

Given the challenges posed by chemical
pesticides and the prevalence of potato diseases,
there is a pressing need to explore more sustain-
able disease management strategies. Biological
control, utilising beneficial microorganisms, of-
fers a promising alternative. Z. Gao et al. (2017)
demonstrated the efficacy of soil microorgan-
isms in producing volatile organic compounds
that can influence plant growth and enhance
resistance to pathogens, including grey mould
and late blight.

Numerous scientific studies have demon-
strated the efficacy of biological control agents
in managing potato diseases. Notably, isolates
of Bacillus amyloliquefaciens and Bacillus subti-
lis have exhibited antifungal activity exceeding
50% against a broad spectrum of phytopath-
ogenic fungi, including Alternaria alternata,
Rhizoctonia solani, Fusarium oxysporum and
Fusarium verticillioides, while simultaneously
promoting plant growth (Azeem et al., 2022).

J. Zhang et al. (2023) investigated the effica-
cy of the strain of Bacillus subtilis H17-16, isolat-
ed from healthy potato roots, in controlling po-
tatolate blight caused by Phytophthora infestans.
The study found that strain H17-16 inhibited the
growth of P. infestans mycelium and sporangia,
induced disease resistance in potatoes, and
promoted plant growth. Furthermore, field and
post-harvest applications of H17-16 effectively
reduced the incidence of potato late blight, and
its combination with chitosan or chemical fun-
gicides yielded better results than H17-16 alone.
Additionally, another stain of Bacillus subti-
lis, EG21, demonstrated antagonistic activity

2)

against both Phytophthora infestans and Rhizoc-
tonia solani in vitro.

The research aims to establish the impact of
biological preparations on the development of
late blight and alternariosis in potatoes.

MATERIALS AND METHODS

Research on the impact of biopreparations on
the development of late blight and alternariosis
in potatoes was conducted from 2021 to 2023 at
the Volyn State Agricultural Research Station of
the Institute of Potato Growing of the Nation-
al Academy of Agrarian Sciences of Ukraine
(NAAS). The soil at the experimental site is char-
acterised as sod-podzolic loamy sand. The pota-
to variety Partner was cultivated.

The experimental design, disease diagnos-
tics, and determination of the technical efficacy
of biological preparations against potato dis-
eases were carried out according to accepted
methodologies (Kononuchenko, 2002; Kyryk et
al, 2012). The following biopreparations were
used in the studies:

1. Ekostern Classic (bacteria of the genera
Bacillus, Paenibacillus, Azotobacter, Enterobacter,
Enterococcus, Agrobacterium, and fungi of the
genus Trichoderma; total viable effective micro-
organisms not less than 2.5-5.0 x10° CFU/cm?);

2. MycoHelp (a mixture of cells from Bacillus
subtilis, Azotobacter, Enterobacter, Enterococ-
cus, and fungi of the genus Trichoderma; total
viable effective microorganisms not less than
1.0x10° CFU/g);

3. PhytoHelp (a concentrated mixture of live
natural bacteria Bacillus subtilis — not less than
4x10° CFU/cm3);

4. Agat-25K (based on soil bacteria Pseu-
domonas aureofaciens H-16; cultural substance
of inactivated bacteria, titre 5-8 x 10° before
inactivation, bioactive substances from plant
sprouts, containing macro- and micronutri-
ents, flavonoids, as well as active fractions of
pine extract);

5. Regoplant (contains metabolites of mi-
cromycetes, which are biologically active sub-
stances at a concentration of 0.3 g/L, saturated
and unsaturated fatty acids (C14-C28), polysac-
charides, includes 15 amino acids, as well as ana-
logues of phytohormones of cytokinin and aux-
in nature, micronutrients at a concentration of
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175 g/L, potassium salt of alpha-naphthyl acetic
acid - 1mg/L, and Aversectin C);

6. Stimpo (metabolites of micromycetes,
which are biologically active substances - 1 g/L,
saturated and unsaturated fatty acids (C14-C28),
polysaccharides, 15 amino acids, analogues of
phytohormones of cytokinin and auxin nature,

micronutrients at a concentration of 0.014 g/L,
and Aversectin C).

In this study, mustard was used as a green
manure crop, followed by incorporation into
the soil either without a biodestructor or after
spraying with the biodestructor Ecostern at a
rate of 1.2 L/ha (Table 1).

Table 1. Experimental design for studying the impact
of biological preparations on the development of potato diseases

Factor A

Factor B

Background 1. No biodestructor.
Incorporation into the soil of MycoHelp, 2.0 L/ha

. Control (no foliar application of biological preparations)

. Agat-25K, 100 mL/ha

. Regoplant, 50 mL/ha

. PhytoHelp, 1.0 L/ha

. Stimpo, 15 mL/ha

Background 2. Ecostern 1.2 L/ha.
Incorporation into the soil of MycoHelp, 2.0 L/ha

. Control (no foliar application of biological preparations)

. Agat-25K, 100 mL/ha

. Regoplant, 50 mL/ha

. PhytoHelp, 1.0 L/ha

NI IWNROIDWIN P

. Stimpo, 15 mL/ha

Source: developed by the authors

Subsequently, the impact of biopesticides
was studied following a soil application of My-
coHelp at a rate of 2.0 L/ha (in spring, before
cultivation) and three foliar spray applications
of Agat-25K, Regoplant, PhytoHelp, and Stimpo
on potato plant development, late blight, and
alternariosis. The study adhered to the ethical
guidelines outlined in the Convention on Bio-
logical Diversity (1992).

Potato plants were sprayed at the following
growth stages: when the canopy closed, at bud-
ding, and after flowering.

RESULTS AND DISCUSSION

Analysis of the results revealed that in Back-
ground 1 (soil application of MycoHelp, 2.0 L/ha,
and three foliar spray applications with vari-
ous biological agents), late blight development
on the treated plots ranged from 6.8% to 9.2%,
which was 5.0-74% lower compared to the

control (Table 2). The lowest disease incidence
was observed in treatments with PhytoHelp,
1.0 L/ha (6.8%), and Agat-25K, 100 mL/ha (7.9%).
The development of late blight was also reduced
with the use of Stimpo, 15 mL/ha, and Regoplant,
50 mL/ha, where it was 8.9% and 9.2%, respec-
tively. In the study, the reduction in alternari-
osis development was 6.6-9.4% with a control
disease incidence of 17.5%. The highest value
was observed when using PhytoHelp at a rate
of 1.0 L/ha. The development of alternariosis
was practically the same with the application
of Regoplant, Stimpo, and Agat-25K, with val-
ues 0f 10.9%, 10.8%, and 10.5%, respectively. The
technical efficacy of the tested biopreparations
against late blight was 35.2-52.1%. This figure
against alternariosis reached 377-537%. The
most effective protection of potato plants from
diseases was provided by spraying with Phyto-
Help at arate of 1.0 L/ha.

Table 2. Efficacy of biological preparations against potato diseases (average for 2021-2023)

Disease development, % Technical efficacy, %
No. Experimental variant . ..
Late blight | Alternariosis | Late blight | Alternariosis
Background 1. Incorporation into the soil of MycoHelp, 2.0 L/ha
1 Cpntrc_\l (no foliar a_ppllcatlon of 14.2 175 B B
biological preparations)

Plant and Soil Science (15)3
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Table 2, Continued

- . Disease development, % Technical efficacy, %

No Experimental variant Late blight | Alternariosis
Late blight ‘ Alternariosis

2. | Agat-25K, 100 mL/ha 7.9 10.5 44.0 40.0
3. | Regoplant, 50 mL/ha 9.2 10.9 35.2 37.7
4. | PhytoHelp, 1.0 L/ha 6.8 8.1 52.1 53.7
5. | Stimpo, 15 mL/ha 8.9 10.8 37.3 38.3

LSD,. 0.31 0.24

Background 2. Ecostern 1.2 L/ha. Incorporation into the soil of MycoHelp, 2.0 L/ha

1 |Gl smmicatonol [ g | ga : -
2. | Agat-25K, 100 mL/ha 6.5 8.1 49.2 42.5
3. | Regoplant, 50 mL/ha 7.9 8.5 38.3 39.7
4. | PhytoHelp, 1.0 L/ha 5.5 5.8 54.7 58.8
5. | Stimpo, 15 mL/ha 7.8 8.4 39.0 40.0

LSD,. 0.21 0.26

Source: developed by the authors

In treatment, variants in Background 2,
where Ecostern (1.2 L/ha) was applied to the soil
along with MycoHelp (2.0 L/ha) and foliar sprays
of biopreparations during the potato growing
season, late blight development decreased to
5.5-7.9% compared to the control, where the dis-
ease incidence was 12.8% (Table 2). The trend
observed in Background 1 was also evident in
Background 2, namely the ability of PhytoHelp
(10 L/ha) and Agat-25K (100 mL/ha) to provide
the maximum reduction in late blight develop-
ment. In the variants in Background 2, the lowest
alternariosis development was also observed in
Variant 4 with PhytoHelp treatment, where the
value was 5.8%, while in variants treated with
Agat, Stimpo, and Regoplant, the value was 81%,
8.4%, and 8.5%, respectively.

The technical efficacy of biopesticides
against late blight in Background 1 ranged from
35.2% to 52.1%, while against alternariosis, this
figure was 37.7-53.7% (Table 2). For both diseas-
es, PhytoHelp at a rate of 1.0 L/ha was the most
effective. Meanwhile, in Background 2, with the
application of Ecostern (1.2 L/ha), an increase

in technical efficacy was observed when using
biological treatments. Specifically, this figure
against late blight was 38.3-54.7%, and against
alternariosis - 39.7-58.8%. The highest efficacy
was observed in variants with foliar application
of PhytoHelp.

The application of biological preparations
on different backgrounds increased potato tu-
ber yield (Table 3). In the control, the potato tu-
ber yield was 10.62 t/ha in Background 1 with a
soil application of MycoHelp at 2.0 L/ha, while
in the control of Background 2 with the use of
Ecostern at 1.2 L/ha and MycoHelp at 2.0 L/ha,
the yield was 11.46 t/ha. In Background 1, with a
soil application of MycoHelp at 2.0 L/ha and fo-
liar application of various biological agents, the
harvested yield was 171-2.02 t/ha. Comparing
the variants of foliar treatment of potato plants
with biopreparations in Background 1, it should
be noted that they differed little in potato tuber
yield, which was 12.33-12.64 t/ha. The highest
yield was established in Variant 4 with a soil ap-
plication of MycoHelp (2.0 L/ha) and three-time
treatment with PhytoHelp (1.0 L/ha).

Table 3. Potato tuber yields under the application of biological preparations (average for 2021-2023)

Experimental variant ‘ Yield, t/ha
Background 1. Incorporation into the soil of MycoHelp, 2.0 L/ha
1. Control (no foliar application of biological preparations) 10.62
2. Incorporation into the soil of MycoHelp at 2.0 L/ha + three foliar applications of Agat-25K at
. . 12.35

100 mL/ha during the growing season
3. Incorporation into the soil of MycoHelp at 2.0 L/ha + three foliar applications of Regoplant at

) X 12.33
50 mL/ha during the growing season

Plant and Soil Science (15)3
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Table 3, Continued

Experimental variant Yield, t/ha
4. Incorporation into the soil of MycoHelp at 2.0 L/ha + three foliar applications of PhytoHelp at
- : 12.64
1.0 L/ha during the growing season
5. Incorporation into the soil of MycoHelp at 2.0 L/ha + three foliar applications of Stimpo at
. h 12.42
15 mL/ha during the growing season
Background 2. Ecostern 1.2 L/ha. Incorporation into the soil of MycoHelp, 2.0 L/ha
1. Control (no foliar application of biological preparations) 11.46
2. Incorporation into the soil of MycoHelp at 2.0 L/ha + three foliar applications of Agat-25K at
. . 13.08
100 mL/ha during the growing season
3. Incorporation into the soil of MycoHelp at 2.0 L/ha + three foliar applications of Regoplant at
h h 13.39
50 mL/ha during the growing season
4. Incorporation into the soil of MycoHelp at 2.0 L/ha + three foliar applications of PhytoHelp at
- : 13.67
1.0 L/ha during the growing season
5. Incorporation into the soil of MycoHelp at 2.0 L/ha + three foliar applications of Stimpo at
h h 13.06
15 mL/ha during the growing season
LSD,, Factor A 0.07
Factor B 0.11
AB 0.15

Source: developed by the authors

The application of biological preparations
on a background of Ecostern at 1.2 L/ha and My-
coHelp at 2.0 L/ha contributed to a yield increase
of 1.6-2.21t/ha in various variants.

In Background 2, tuber yields for variants
with foliar applications of biopreparations
ranged from 13.06 to 13.67 t/ha. Similar to Back-
ground 1, the highest yield was obtained in Var-
iant 4 (soil application of MycoHelp at 2.0 L/ha +
three foliar applications of PhytoHelp at 1.0 L/ha
during the growing season). Variant 3, with a soil
application of MycoHelp at 2.0 L/ha and three
foliar applications of Regoplant at 1.0 L/ha, had
a slightly lower tuber yield of 13.39 t/ha. Mean-
while, Variants 1 (MycoHelp at 2.0 L/ha and Ag-
at-25K at 100 mL/ha) and 5 (MycoHelp at 2.0 L/
ha and Stimpo at 15 mL/ha) showed virtually no
difference in tuber yield, with values 0f 13.08 and
13.06 t/ha, respectively.

In general, scientific literature presents
findings on the varying potential of biological
products in enhancing plant productivity and
limiting the development of potato diseases,
which depend on numerous factors requiring
further study (Osei et al., 2022). The current re-
search has demonstrated the effectiveness of
both biological products applied to sod-podzolic
soil and those applied as foliar treatments.

The results presented indicate that the
application of biopreparations under various
conditions leads to a reduction in the severity
of late blight and alternariosis in potatoes and
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contributes to increased yield. Lower disease
incidence and higher efficacy of biological prod-
ucts were observed when a biodestructor, Ecos-
tern (1.2 L/ha), and a biopreparation, MycoHelp
(2.0 L/ha), were applied to the soil, followed by
three foliar sprays of different biological agents -
Agat-25K, Regoplant, PhytoHelp, and Stimpo.
Among these, PhytoHelp (based on B. subtilis
bacteria) at a rate of 1.0 L/ha exhibited the high-
est technical efficacy. The findings of A. Saba et
al. (2022) confirm the effectiveness of biologi-
cal control agents against potato diseases using
various microorganisms. Specifically, isolates
of Bacillus amyloliquefaciens and Bacillus subti-
lis demonstrated antifungal activity (over 50%)
against a broad spectrum of phytopathogenic
fungi, including Alternaria alternata, Rhizocto-
nia solani, Fusarium oxysporum, and Fusarium
verticillioides, and also promoted plant growth.
In a study conducted by L. Stridh et al. (2022)
under both greenhouse and field conditions,
the impact of various biocontrol agents, such
as Pythium oligandrum, Bacillus subtilis, and
the biopreparations Polygandron and Serenade,
was evaluated for the control of early blight in
potatoes. These agents were used individually,
in combination with each other, or conjunction
with synthetic fungicides. In greenhouse condi-
tions, the application of biocontrol agents led to
a significant reduction in infection by A. solani,
achieving efficacy rates of 50% to 95%. Howev-
er, in field conditions, this effect was much less
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pronounced, indicating the difficulty of achiev-
ing similar results in open fields due to the influ-
ence of various external factors. In light of these
results, the authors of this article conducted
their own field trials, which confirmed the effec-
tiveness of bioproducts not only in controlling
common potato diseases but also in increasing
overall tuber yield. This approach highlights the
potential of integrating biological agents with
other control methods for a comprehensive ap-
proach to improving crop productivity.

A. Alfiky et al (2022) reported that EG21
metabolites exhibited a strong zoosporecid-
al effect on P infestans. The inhibitory effect
against P infestans and R. solani infections was
confirmed on potato leaves and tubers, respec-
tively. The antagonistic potential of Trichoderma
spp. strains against P infestans were evaluated in
vitro by A. Alfiky et al. (2023). In dual culture, P
infestans growth was suppressed by 53% to 95%.

Overall, Pseudomonas spp. strains ex-
hibited varying levels of biocontrol activity
against P infestans in potato tuber bioassays.
For instance, a study by G. Léger et al. (2021)
demonstrated that strains of P, orientalis and P,
yamanorum significantly reduced the level of
late blight, exhibiting a high level of biocontrol
properties. Conversely, strains of P synxantha
were ineffective in inhibiting pathogen growth,
highlighting the need for careful strain selec-
tion for the control of P infestans. These re-
sults also indicate potential variations among
strains of the same genus, requiring further re-
search to identify the most effective biocontrol
agents. Moreover, in addition to the individual
characteristics of strains, environmental con-
ditions can also influence their ability to effec-
tively protect plants from pathogens.

S. Kumar et al. (2023) conducted pot exper-
iments to evaluate the efficacy of three biocon-
trol agents - Trichoderma viride, Bacillus subtilis
and Pseudomonas fluorescens — individually and
in a consortium, for promoting potato growth
and activating defence mechanisms against A.
solani. Results indicated that the application of
a consortium of the three microorganisms sig-
nificantly enhanced plant growth compared to
other treatment methods. Potato plants treated
with the triple-microbe consortium exhibit-
ed a substantial reduction in disease incidence

)

compared to control plants inoculated with
A. solanibut left untreated.

N. Metz § H. Hausladen (2021) investigated
the potential of Trichoderma spp. against A. sola-
ni under laboratory, greenhouse, and field con-
ditions. They found that the choice of a specific
Trichoderma strain can significantly influence
the outcome, as even strains of the same species
demonstrated varying levels of efficacy. Howev-
er, a significant reduction in alternariosis in the
field was recorded in only one of the four years
of field trials. Furthermore, the authors were un-
able to find a significant correlation between in
vitro, in vivo, and field data within a single year,
highlighting the need for field trials to assess re-
al-world efficacy.

Thus, both in the present research and in
studies conducted by other researchers, a pos-
itive effect of biopreparations on reducing the
incidence of diseases affecting table potatoes
has been established. In particular, a decrease
in the infectious load on plants and an increase
in their resistance to pathogens have been ob-
served. This not only improves the quality of the
yield but also reduces the reliance on chemical
protection agents.

CONCLUSIONS

The results of the research indicate that the
use of biopreparations has a positive impact
on the development of both late blight and al-
ternariosis in potatoes. The greatest efficacy
was demonstrated by the product PhytoHelp at
a dosage of 1.0 L/ha, which reduced the level of
late blight infestation to 5.5% and alternariosis
to 5.8%, in conjunction with the application of
Ekostern at 1.2 L/ha. Overall, the technical ef-
ficacy of the investigated products against late
blight reached 54.7%, while against alternario-
sis, it reached 58.8%. Other biopreparations also
contributed to the reduction of disease develop-
ment, although their effectiveness was some-
what lower.

The application of biopreparations also
contributed to increased potato yields. When
using MycoHelp at a rate of 2.0 L/ha in combina-
tion with PhytoHelp at 1.0 L/ha, yields reached
13.67 t/ha, which is 2.21 t/ha higher than the con-
trol. Similarly high yield results were obtained
with other biopreparations such as Agat-25K

Plant and Soil Science (15)3
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and Stimpo, however, PhytoHelp demonstrated
the most consistent results.

The lowest disease development was ob-
served in treatments where the biodestruc-
tor Ecostern (1.2 L/ha) and the biopreparation
MycoHelp (2.0 L/ha) were applied, followed by
foliar sprays with Agat-25K, Regoplan, Phy-
toHelp, and Stimpo at various growth stages.
PhytoHelp, at a rate of 1.0 L/ha, demonstrat-
ed the highest technical efficacy, resulting in
a yield increase of 2.21 t/ha. Thus, the research
confirmed the high efficacy of biopreparations
in controlling major potato diseases, as well as
their positive impact on yield. This indicates
the feasibility of their use in potato production.
The results obtained suggest the need for fur-
ther studies on the effects of biopreparations
on different potato varieties and other crops.

Additionally, the long-term effects of bioprepa-
rations on the preservation of agroecosystems
should be investigated. It is also important to
study the impact of these products on other
pathogenic organisms that may affect potatoes.
Research into the efficacy of biopreparations
in other soil and climatic zones is promising.
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Bnnus 6ionpenapariB
Ha ¢iTonaTonoriyHUM cTaH POC/IUH KapTonni

AHoTaUiq. 3 orgay Ha YacTe 3aCTOCYyBaHHA XiMiYHMX 3ac06iB [T KOHTPOJIIO XBOPO6 KapTOIL,
BaJKJIMBO IIYKaTH MOKJIMBOCTI 3aXVCTY 3 YpaxyBaHHSIM arpOeKoJIOTTIHUX aCIIeKTiB. MeToio pobotu
6yJ10 BU3HaYeHHs BIUIMBY 6i0JIOTTUHUX ITpernapariB Ha po3BUTOK GiToGTOPO3y Ta anmsTepHapiosy
KapTOIUIi. [JOCIiIKeHH BIUTUBY 6i0TIperiapaTiB Ha pO3BUTOK OCHOBHUX XBOPO6 KapTOILIi TPOBOAMIIN
TIPOTATOM TPbOX POKIB y IIOJIBOBUX YMOBax BOJWHCBKOI [epsKaBHOI CLIBCBKOTOCIIONApPCHKOI
JocnifgHoI cTaHLil IHCTUTYTY KapToIuiapcTBa HallioHanbHOI akaZieMil arpapHUX HayK. IIOCTAaHOBKY
€KCIIEpUMEHTIB, [OiarHOCTUKY XBOpOO, BU3HAYEHHS TexXHIYHOI edeKTUBHOCTI 6ioorigyHumx
mIperapariB IpPOTHU 3aXBOPIOBAaHb KAPTOIUI IMPOBOAMWIIN 33 3araJIbHONPUNHATUMU MEeTOIUKaAMU.
ERcITepyMeHTaMU BCTAHOBJIEHO, IO 3aCTOCYBaHHS biomperiapariB Ha pi3HUX GpoHAxX IIPHU3BOAUTD
IO 3HIDKEHHS IHTeHCHBHOCTI pO3BUTKY GiTodTOpO3y Ta ajlbTepHapio3y KapTOIUI, a TaKOX
cripusie 36epeskeHHI0 Bpoykao. HUKYUN PO3BUTOK XBOPO6 i BUIlly epeKTUBHICTh biompernaparis
BimMiueHO Ha $oHi, e BHOCHIM 6iomecTpyrTop EROoCTepH (1,2 j1/ra), 6iompemnapar Mikoxerr (2,0 11/
ra) Ta 37iMCHIOBAIM TPhOX PA30Bi O6IIPUCKYBAHHA POCIIMH PiSHUMU 6i10JI0TTYHMMY MIperaparaMu —
Arat-25K, PerorutaHt, ®@itoxenm i Ctumrmo. [Ipy IIbOMY HaWBUILOK TEXHIYHOIO ePeKTUBHICTIO
xapakTepu3yBaBcsa OiToxenr 3 HopMoo BUTpaTH 1,0 j1/ra. BUKOpUCTaHH 610JI0TYHIX ITperapaTiB Ha
pisHux poHax 3a6e3reyyBao 3pOCTaHHSA BPOXKAMHOCTI 6y/166 KapToruIi. 30KpeMa 3a 3aCTOCYyBaHHS
Miroxent 2,0 ji/rTa Ta O6IIPHUCKYBaHHAM POCIMH Pi3HUMU 6iooTiuHUMU 3acobaMu 36epeReHUX
yposkait cTaHOBUB 1,71-2,02 T/ra. BHeceHHs biompernapatiB Ha $oHi BuKopucTaHHs EkocTepH 1,2 71/
ra Ta Miroxent, 2,0 j1/ra CIIpysiyIo 3pOCTAHHIO BPOJKAMHOCTI y pi3HUX BapiaHTax Bix 1,6 1o 2,21 T/ra.
OTpuMaHi pe3ynbTaTyl OOLIIBHO BUKOPUCTOBYBATHU [IJIs IMiTBUIIEHHS epeKTUBHOCTI iHTEIrpOBaHOI
CUCTEMU 3aXUCTy KapTOILTi BiZ OKpEMUX XBOPOD i pO3pOOKYU OpraHiYHUX TEXHOJIOTIM BUPOILYBaHHS
KapTOILIi CTOJIOBOI Ha JePHOBO-ITi30JIUCTUX I'PYHTAX

KniouoBi cnoBa: piTodpTopo3 KapTOILIi; aIbTepHapio3; pO3BUTOK XBOPO6; TeEXHIUHA ePeKTUBHICTE;
YPOJRaMHiCTh 6y71b6 KapTOTLITi
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