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was more often diagnosed at the storage stage. The development of bacterial diseases of potatoes intensified
under conditions of excessive soil moisture, temperatures above 27°C, mechanical damage and accumulation
of organic residues. The formation of a stable rhizosphere microbiota, with the participation of representatives
of the genera Pseudomonas and Bacillus, contributed to a 47-62% reduction in the sickness index and a 25-31%
increase in vegetative mass compared to the control. Different tolerance mechanisms dominated in the studied
varieties: vascular resistance in Solokha, which provided a 62% reduction in lesions, 31% weight gain and 2.2
additional tubers per plant. Dnepryanka showed a biochemical response, with a 3.1-fold increase in peroxidase
activity and a 1.6-fold increase in phenylalanine ammonia lyase, and Lugovska showed a microbiological control,
with a rhizosphere colonisation density of up to 1x10° colony-forming units per gram of soil and an increase in
the number of tubers by 24. The obtained results are of practical importance for the development of integrated
potato protection schemes that involve the use of bioagents and resistance inducers as an effective alternative to
chemicals, as well as for the implementation of an early diagnostic monitoring system based on bioindicators in

breeding and agricultural production technologies
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INTRODUCTION

Potatoes (Solanum tuberosum L.) are one of the four
most widely produced crops in the world, behind only
corn,rice and wheat. It is a key source of carbohydrates
in the diets of more than 1 billion people and is widely
used in the food, starch and alcohol industries. Bac-
terial diseases cause significant yield losses, reduce
tuber quality, complicate storage and pose economic
risks to producers. The rapid adaptation of pathogens,
their ability to persist in the soil, and a wide range of
host plants make controlling them particularly chal-
lenging, so the issue of increasing potato resistance
to bacterial pathogens remains relevant.

In response to the growing threats posed by bac-
terial diseases of potatoes, several international or-
ganisations are actively implementing evidence-based
programmes to reduce phytopathogenic risks. The
Food and Agriculture Organisation studies the global
spread of bacterial diseases of potatoes in the con-
text of food security, develops recommendations for
reducing phytosanitary risks and implements integrat-
ed plant health management policies (Rolot, 2012).
A. Charkowski et al. (2020) conducted genetic charac-
terisation of the main bacterial pathogens, in particu-
lar Ralstonia solanacearum and Clavibacter sepedonicus,
investigated resistance mechanisms and developed
varieties with increased resistance to pathogens. The
European Food Safety Authority (2019) assessed the
risks associated with the spread of phytopathogens
through planting material, harmonised diagnostic
methods and regulates quarantine measures within
the European Union. All these organisations support
integrated approaches to combating bacterial infec-
tions, including monitoring, breeding, early diagnosis
and biological control.

In different regions of the world, bacterial diseas-
es of potatoes have specific epidemiological features
that necessitate the adaptation of control methods to
specific agroclimatic conditions. In Eastern Europe, in
Ukraine, phytopathogenic bacteria remain one of the

key factors in reducing potato yields, as confirmed by
N. Yarema (2023), who emphasises the importance of
using resistant varieties and introducing biological
control. In North America, J. Yuan et al. (2020) conduct-
ed an association genomic analysis of scab resistance
based on Canadian potato collections, which identified
candidate genes for breeding. In South Asia, in India,
R. Manda et al. (2020) described the epiphytic spread
of bacterial wilt caused by Ralstonia solanacearum, em-
phasising the role of high temperatures and moisture
in exacerbating the pathogenesis. In Africa, namely in
Ghana, together with the East Asian countries of Ja-
pan and South Asian Pakistan, S. Ismail et al. (2020)
investigated the variability of Streptomyces scabies
pathogenicity and resistance levels of varieties, con-
firming the wide ecological plasticity of the pathogen.
Bacterial diseases of potatoes are transcontinental in
nature, but effective control is possible only if region-
al biotic and abiotic factors are addressed.

In modern research, there is a growing interest in
biological strategies for potato protection aimed at
reducing the use of chemicals and increasing plant
resistance to bacterial pathogens. The analysis of pho-
tosynthetic parameters has proved to be a promising
tool for assessing the effectiveness of biological prod-
ucts: T. Khomenko et al. (2023) proved that the induc-
tion of chlorophyll fluorescence sensitively reflects the
response of potatoes to biological treatment, which
can be used to assess the physiological effect of the
products in the field. H. Balan (2020) presented the
concept of integrated crop protection, which involves
the combination of agrotechnical techniques with
biological methods, creating the basis for adaptive
models of pathogen control depending on the stage
of plant development. In addition,J-M. Liu et al. (2020)
identified endophytic bacterial strains from potato tu-
bers that showed antagonism to phytopathogens and
at the same time reduced solanine levels, indicating
their potential as dual-acting biological products.
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Modern approaches to improving potato resist-
ance include the use of markers that can be used for a
quick assessment of resistance in varieties. A. Khairy et
al. (2021) found that the activity of peroxidase (POD),
polyphenol oxidase (PPO) and the content of phenol-
ic compounds correlated with tolerance to Ralstonia
solanacearum, which confirms the feasibility of using
biochemical parameters for breeding screening. In turn,
P. Paluchowska et al. (2022) analysed the effectiveness
of the Resistance to Phytophthora infestans genes in the
formation of long-term resistance to late blight, em-
phasising the importance of the genetic combination
of resistant alleles.

Despite the availability of numerous studies, the
interaction between the species composition of potato
bacterial pathogens, the peculiarities of the infection
process and the effectiveness of available methods of
increasing resistance in a changing environment re-
mains insufficiently covered in the scientific literature.
The study aimed to summarise information on bacterial
pathogens of potatoes, assess the effectiveness of exist-
ing approaches to improving their resistance and devel-
op agrobiological and biotechnological methods of re-
sistance induction,incorporating varietal characteristics.

MATERIALS AND METHODS

The study included both theoretical and experimental
components that were interrelated within the overall
goal of a comprehensive assessment of the factors of
bacterial damage to potatoes and the development and
testing of effective agrobiological and microbiological
methods to increase their resistance. The study covered
the following aspects: morphological and molecular
characteristics of pathogens, mechanisms of infection,
conditions of infection development, host plant re-
sponses and control strategies. This approach provid-
ed an in-depth study of the material and was used to
conduct a systematic analysis of pathogenic factors. To
summarise the theoretical understanding of the key
factors of pathogenesis, the analysis of their relative
impact on the course of bacterial infections of potatoes
was conducted. The degree of influence was assessed
using a scale of conditional intensity (from O to 10),
which was based on a critical comparison of the mech-
anisms of action described in leading sources of mod-
ern phytopathology (Ashmawy et al., 2020; Mohamed et
al., 2020). The focus was on pathogens with high eco-
logical plasticity and the ability to persist in agroeco-
systems, such as Ralstonia solanacearum, Pectobacterium
carotovorum and Clavibacter sepedonicus.

Three potato genotypes, Solokha, Dnipryanka and
Luhovska, were selected for the theoretical analysis of
varietal differentiation by resistance type, which are
the result of breeding work of the Institute of Potato
Growing of the National Academy of Agrarian Scienc-
es of Ukraine. The varieties are characterised by differ-
ences in their anatomical and morphological structure,
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enzymatic profile and ability to interact with the rhizos-
phere microbiota. Solokha belongs to the medium-early
maturity group (vegetation period 90-95 days), has an
average tuber weight of 90-110 g and demonstrates in-
creased vascular resistance with a tolerance index of 7.8
points on a 9-point scale. Dnepryanka is a mid-season
variety (growing season 100-110 days) with an average
tuber weight of 80-100 g and pronounced biochemical
reactivity, resistance index 6.9 points. Luhovska is a me-
dium-early variety (95-100 days), with a tuber weight of
85-105 g, a well-developed rhizosphere microbiota and
a resistance index of 7.2 points. These varieties were
chosen due to their representativeness in terms of the
main levels of the defence response: anatomical and
vascular (Solokha), biochemical (Dnipryanka) and mi-
crobiological (Luhovska). This differentiation ensured
the completeness of the comparative analysis and
conducted a structured generalisation of typical mech-
anisms of potato resistance under pathogenic stress.

The synthesis of scientific sources integrated knowl-
edge about the nature of bacterial pathogenesis with
the understanding of potato resistance at different lev-
els: genetic, biochemical and microbiological. Based on
the repeated patterns,generalisations were made about
the typical mechanisms of resistance formation, regard-
less of the pathogen type or regional conditions.To com-
pare the effectiveness of control methods, the method
of analogies and comparisons was used, which analysed
classical agronomic strategies (crop rotation, sanitary
measures) and modern biotechnological approaches
(use of molecular markers (MAS), genome editing tech-
nologies (CRISPR), endophytes, resistance inducers).
The comparison criteria included adaptability, envi-
ronmental safety, labour costs, effectiveness in differ-
ent epiphytic conditions and technological availability.

The experimental part of the study was aimed at
testing the developed methods for increasing potato
resistance to bacterial pathogens and validating diag-
nostic bioindicators identified in the theoretical analy-
sis. The experiment was conducted in greenhouse con-
ditions from April to July 2024, according to a scheme
that modelled the infection load typical for central
Polissya. The zone was chosen due to its typical soil and
climatic characteristics favourable for the development
of bacterial diseases. The substrate was a sod-podzolic
sandy loam soil with a pH of 5.5-5.7 and an organic
matter content of 1.5%. Humidity was maintained at
75-80%, with simulated total precipitation of 270 mm.
The temperature regime was 22-26°C during the day
and 14-18°C at night, under natural light. This ensured
the reproduction of real agro-ecological conditions,
which usually result in intensive damage to potatoes
by bacterial pathogens.

The developed methodology was based on a com-
bination of agrobiological techniques and microbio-
logical biocontrol. The antagonistic strains of Pseu-
domonas fluorescens PF-07 and Bacillus subtilis BS-12




isolated from the rhizosphere of healthy plants were
used as bioagents. The cultures were grown on LB and
NA nutrient media for 48 hours at 28°C, after which the
suspensions were standardised to a concentration of
108 CFU/mL. To induce systemic resistance, salicylic acid
at a concentration of 0.5 mM and laminarin extracted
from brown algae at a concentration of 0.1% were used.
Plants were treated twice on the 7™ and 14 day af-
ter planting. In the variants of combined action, tubers
were pretreated with bioagents and the aboveground
mass with inducers. The study included a control group
that was not subjected to any of the active treatments
and received only an aqueous suspension, which as-
sessed the natural course of the infection process and
basic indicators of the physiological state of plants.
The infection model involved inoculation of the
root zone with a mixture of bacterial pathogens Ral-
stonia solanacearum and Pectobacterium carotovorum at
a concentration of 107 CFU/mL Infection was carried
out on the 21 day after planting. For each variant of
the experiment, 30 plants were used. Observations and
data collection were conducted on the 14% and 28%
day after the infection load was applied. The criteria for
evaluating the effectiveness of the methods were the
degree of damage (severity index on a 5-point scale),
the activity of POD and phenylalanine ammonia lyase
(PAL) enzymes in leaf tissues (determined by spectro-
photometric methods), the density of rhizosphere col-
onisation by antagonists (in CFU/g soil), as well as the
vegetative mass and number of formed tubers. The ex-
perimental design included control and experimental
variants, with the separation of the effect of each factor
and their combination. The collected data were used for
empirical verification of theoretically defined resistance
bioindicators and clarification of the differentiation
of protection mechanisms by variety type. The results
were processed using the methods of variation statis-
tics using Microsoft Excel (version 2019) and Statistica
(version 12.0). The significance of differences between
variants was assessed using Student’s t-test at a signifi-
cance level of p<0.05. For each indicator, the arithmetic
mean and standard deviation were calculated based on
the results of three replications. The model was test-
ed in compliance with the requirements of bioethical
responsibility and environmental safety. The use of
bioagents did not violate international bioregulation
standards and complied with the principles of biodiver-
sity protection enshrined in the Convention on Biologi-
cal Diversity (1992). Modelling of the infection process
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was conducted in isolated vegetation conditions with-
out the risk of pathogens spreading to the environment.

RESULTS

Biological characteristics of common bacterial path-
ogens of potatoes. Bacterial pathogens of potatoes
are one of the most dangerous groups of phytosani-
tary threats to modern potato production, causing
yield losses both during the growing season and dur-
ing storage. Their impact on the plant is implemented
through a variety of pathogenesis models that include
both local necrotic lesions and systemic infections of
the conducting tissue. A thorough study of the biolog-
ical properties of the main pathogens not only fur-
ther analysed the mechanisms of infection, but also
formulated sound strategies for diagnosis, prevention
and selection of resistant varieties. Different bacterial
pathogens of potato implement their infectious prop-
erties through specific biological strategies that differ
significantly in dynamics, localisation and mechanism
of spread. Ralstonia solanacearum is characterised by a
high rate of disease development with early systemic
symptoms that often lead to complete wilting of plants
during the growing season. After entering the rhizos-
phere, the bacterium quickly colonises the conducting
system, avoiding the surface immune response and
creating significant phytosanitary pressure even with a
moderate infection load.

Pectobacterium carotovorum implements a different
model of damage based on the gradual destruction of
tissues due to the accumulation of enzymes. In contrast
to systemic wilt, its activity is accompanied by local de-
struction of the parenchyma, which is especially intense
during the tuber ripening phase and storage. A charac-
teristic feature of this pathogen is the rapid transition
from subclinical to massive rotting under conditions of
high humidity, which significantly complicates control
during post-harvest processing. In the case of Clavibac-
ter sepedonicus, the infectious process develops slowly
and often goes unnoticed until the late stages. The la-
tent nature of the course, poor visualisation of symp-
toms in the field and the gradual accumulation of bac-
terial mass in the conducting system make diagnosis
difficult. The first signs of infection are recorded in stor-
age facilities, which require a thorough inspection of
planting material and technical equipment (Osdaghi et
al., 2022). Based on the analysis of literature data, the
biological parameters of the most common bacteri-
al pathogens of potatoes are summarised (Table 1).

Table 1. Primary characteristics of bacterial pathogens of potatoes

Key factors of Method of

Pathogen Type of bacterium Main lesion pathogenicity Place of defeat penetration
Pectate lyases,
Ralstonia Gram-negative, . . cellulases, Root, stem, xylem, Through the ro.ot
. . Bacterial wilt . system, mechanical
solanacearum mobile, aerobic proteases, biofilms, leaves

type Ill secretion damage
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Table 1. Continued

Key factors of Method of

Pathogen Type of bacterium Main lesion pathogenicity Place of defeat penetration
Pectobacterium Gram-negative, Pectolytic enzymes Tubers, basal stem, Through wou.nds,
. . Wet rot (pectate lyases, natural openings,
carotovorum optionally anaerobic and rarely leaves .
polygalacturonases) mechanical damage
. . Mucosal colonies, Due to injuries,
Clavibacter Gram-positive, Ring rot xylem blockage, Xylem of tubers and infected planting

sepedonicus immobile, aerobic

stems

exudative activity material

Source: compiled by the authors based on N.A. Ashmawy et al. (2020), B.F. Mohamed et al. (2020)

The presented results distinguished pathogens
by morphological and functional characteristics, type
of infectious process and organs they affect. As such,
Ralstonia solanacearum has the most aggressive mod-
el of systemic pathogenesis, penetrating the vascular
system through the root zone and causing generalised
wilting. While Pectobacterium carotovorum forms local
necrotic lesions with obvious macroscopic symptoms,
Clavibacter sepedonicus occurs mainly in the storage
phase, when disruption of the conductive tissue leads
to delayed rot of tubers. Of scientific value is the es-
tablishment of a link between the type of pathogen
and the location of its action. This can be used for a
differentiated approach to the development of control
strategies, including the creation of targeted breeding
models based on which plant organ needs protection.
This division is a prerequisite for further integration of
resistance biomarkers into diagnostic algorithms.

The study of the ecological dynamics of the main
pathogens of bacterial infections of potatoes shows
their ability to effectively maintain virulence under dif-
ferent environmental conditions. Ralstonia solanacear-
um is an example of a bacterium with a high degree of
persistence: it can persist in soil, weeds, surface water
and even in a latent state in infected plants. The abili-
ty to switch to the VBNC state ensures its survival un-
der stressful conditions and re-infection after changes
in the environmental situation. Pectobacterium car-
otovorum has a slightly different ecological profile: it
is better adapted to moderately humid conditions and
actively spreads in the presence of organic residues.
Its persistence is maintained by preservation in affect-
ed tubers, plant residues and on the surface of ma-
chinery, which ensures long-term infectious pressure
in the field and storage facilities. In contrast, Clavibac-
ter sepedonicus shows a lower level of persistence in
the open environment but can persist in tubers and
on equipment for a long period of time. This makes
it particularly dangerous in the post-harvest period,
when the infection can be activated during transport
and storage (Osdaghi et al., 2022).

All three pathogens are characterised by marked
ecological plasticity, which can be subsequently adapt-
ed to a wide range of climatic zones. For example,
R.solanacearum has several phylotypes and biovars that
differ in temperature adaptation: phylotype Il remains
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pathogenic even in temperate regions, while phylo-
type | predominate in the tropics. Pectobacterium spp.
are highly sensitive to humidity and temperature but
can change their level of aggressiveness depending on
the microbiological environment. In turn, Clavibacter
sepedonicus is closely associated with cool climates,
but even in such conditions, it shows great interstrain
variability (Singh et al., 2025). Molecular phylogenetic
studies confirm that bacterial pathogens of potatoes
have a high capacity for evolutionary restructuring un-
der the influence of climatic factors. This adaptability
is associated with horizontal gene transfer, variation in
the expression of pathogenic proteins and changes in
secretion systems. For example, Ralstonia solanacear-
um changes its transcriptional profile under warming
conditions, which ensures more efficient penetration
into plant tissues, while Pectobacterium spp. Changes
its enzyme production profile with increasing humidity.
Similar climate-mediated shifts in pathogenicity have
also been identified in Clavibacter sepedonicus, which
highlights the need to integrate variability data into
phytopathogenic risk prediction systems.

Key factors in the development of bacterial infec-
tion in agroecosystems. The effectiveness of the patho-
genesis of bacterial diseases of potatoes is due to the
complex interaction of abiotic, biotic and agrotechnical
factors that form the microenvironment of the agro-
ecosystem. The systematic analysis identified at least
seven main factors that can enhance or suppress the
development of infection: air temperature, soil mois-
ture, soil type, genetic vulnerability of the variety, pres-
ence of antagonistic microbiota, mechanical damage to
plants and residual organic residues after harvesting.
Their effect is non-additive: it is combinations of these
conditions that create a favourable or suppressive en-
vironment for pathogens (Vega et al., 2023). Temper-
ature is the basic trigger for the activation of patho-
genic systems in phytobacteria. For example, Ralstonia
solanacearum is most aggressive at temperatures of
27-30°C, which coincides with the peak of the growing
season. Under such conditions, the intensity of biofilm
formation and mobility increases significantly, which
increases the efficiency of colonisation of the root
zone. Pectobacterium spp. Produce pectolytic enzymes
more actively in wet and warm weather, which accel-
erates tissue decomposition. In contrast, Clavibacter




sepedonicus remains pathogenic in moderately cool
environments, which explains its spread in areas with
prolonged storage of tubers (Leitao, 2020).

Soil moisture is a key factor for the survival and mi-
gration of pathogens in the rhizosphere. Excess water
creates hypoxic conditions favourable for facultative
anaerobic bacteria (such as Pectobacterium carotovorum)
and reduces the barrier function of the root apoplast. In
wet soils, the colonisation space expands, which is es-
pecially substantial in the early stages of plant growth
when the immune system is not yet sufficiently formed
(Wang et al., 2023). Soil type determines not only the
structure of the water-air regime, but also the compo-
sition of the microbial community. In sandy loam soils,
with sufficient moisture, there is an increased mobili-
ty of R. solanacearum pathogens, while heavy clay soils
delay their progress, but instead accumulate organic
residues that serve as a secondary reservoir of infec-
tion. The presence of mulch, irrigation and acidity also
affects the dynamics of infection.

The genetic vulnerability of a variety is manifested
through a deficiency in the primary (PAMP-dependent)
and secondary (effector-dependent) immune response.
Potato varieties that do not express sufficient levels of
phenolic metabolism enzymes, such as POD and PPO,
are much more susceptible to early infection. At the
same time, even genetically resistant varieties are sus-
ceptible to infection if tissues are weakened by calci-
um deficiency, mechanical damage or irrational nitro-
gen application (Tripathi et al., 2024). The microbiota
of the agroecosystem, especially endophytic bacteria,
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has a modulating effect on pathogenesis. The mech-
anisms of this influence include competition for a col-
onisation niche, secretion of bactericidal compounds
(bacteriocins, siderophores, phenazines), induction
of plant systemic resistance through JA/ET signalling
pathways, and synthesis of phytohormones (auxins, cy-
tokinins) that maintain physiological tissue integrity.
The presence of microorganisms such as Bacillus sub-
tilis, Pseudomonas fluorescens, and Enterobacter cloacae
in the rhizosphere significantly reduces the frequency
of attachment of phytopathogens to the root epidermis
(Vega et al., 2023).

Mechanical damage is another critical factor that
opens the entry gates for infection. Damaged areas lose
their cellular integrity and barrier function, becoming
the object of priority colonisation. In most cases, infec-
tion due to damage is rapid and is accompanied by the
rapid development of rot. The presence of organic resi-
dues in the field after harvesting creates conditions for
the long-term persistence of pathogens, especially Pec-
tobacterium spp. Organic residues serve as both a phys-
ical substrate for bacterial preservation and a source of
readily available carbohydrates that maintain microbial
activity between growing seasons (Leitao, 2020). For
generalisation, the author’s assessment of the relative
intensity of the main factors’ influence on the develop-
ment of bacterial diseases of potatoes was conducted.
The conditional scores (0-10) were formed based on
the analysis of scientific sources and comparison of the
mechanisms of action of each of the factors described
in the modern phytopathological literature (Fig. 1).

Air temperature ]
Soil moisture content (NG
Type of soil |G
Genetic vulnerability of the variety [ININRNRE.
Microbiota (endophytes) |GG
Mechanical damage [IEEEEEEEEEEE——
Organic residues in the field NG

0 2

4 6 8 10

Intensity of influence on the development of bacterial diseases of potatoes (0-10)

Figure 1. The relative intensity of the influence of factors on the development of bacterial diseases of potatoes
Source: compiled by the authors based on N.A. Ashmawy et al. (2020), P. Nolte et al. (2020), C. Singh et al. (2025)

The most influential factors in the development of
bacterial infection are temperature, soil moisture and
the presence of a functional microbiota. These three
elements form the basis of the environmental pres-
sure that determines the pace and extent of patho-
genesis. At the same time, second-level factors such
as genetic resistance of the variety, mechanical dam-
age, and soil type play the role of “triggers” that can
either neutralise the threat or sharply exacerbate it.
The diagram also illustrates those subtle components
such as organic residues have a cumulative effect,

creating an infectious background for future seasons.
This highlights the importance of a multifactorial risk
assessment rather than an isolated analysis of indi-
vidual parameters. Thus, further modelling of the risks
of bacterial diseases of potatoes should be based on
a comprehensive consideration of environmental fac-
tors, plant genotype and biotic environment. The ob-
tained results confirm the importance of an adaptive
phytosanitary approach that integrates prevention,
biocontrol and ecologically oriented management of
the agrosystem.
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Integration of genetic, biochemical and microbio-
logical resistance mechanisms. The resistance of pota-
toes to bacterial diseases is formed as a multicompo-
nent system that includes genetically determined traits,
biochemical reactivity of tissues and interaction with
the regulatory microbiota. A systematic analysis of the
data identified three levels of resistance, which operate
independently and in interaction,and it is this multilev-
el integration that ensures stable tolerance to infection
in agroecosystems with a changing environment (Mu-
thoni et al., 2020). At the genetic level, the critical factor
is the presence of alleles associated with the percep-
tion of pathogen-associated molecular structures and
the recognition of bacterial-derived effectors. These are
primarily PRR receptors and NB-LRR class proteins that
activate local signalling cascades. In modern breeding
programmes, QTL mapping, marker-assisted selection
and CRISPR-Cas are widely used to identify and record
such traits. During the analysis of scientific sources by
A. Sharma et al. (2022), the study determined that the
Solokha variety has a stable tolerance to Ralstonia sola-
nacearum, which was confirmed by field observations in
high humidity conditions. Genetic analysis in the stud-
ies indicates the presence of QTL loci associated with
resistance to vascular pathogens.

The biochemical component of defence is asso-
ciated with the activation of enzymes that catalyse
the formation of protective metabolites or strengthen
cell walls. Among them are POD, PPO, and PAL. Their
activity correlates with the ability of the plant to lo-
calise the infection in the first hours after infection.
The study by S. Kaur et al. (2022) indicated that in the

Dnepryanka variety, under the infection load of Pec-
tobacterium carotovorum, an accumulation of phenolic
compounds and an increase in POD and PAL activity
were observed within 24 hours. This was accompa-
nied by a partial limitation of the development of wet
rot symptoms, which is typical for induced systemic
resistance. The microbiological level of resistance is
associated with the presence of antagonistic micro-
organisms in the rhizosphere or tissues of potatoes.
These are mainly endophytes capable of producing
antimicrobial metabolites, siderophores, cellulolytic
enzymes and modulators of the phytohormonal pro-
file. According to X. Huang et al. (2021), a high level of
root colonisation by Pseudomonas fluorescens and Ba-
cillus subtilis strains was found in the Luhovska variety
adapted to Polissya conditions, which was associated
with a reduction in the symptoms of ring rot caused
by Clavibacter sepedonicus. The analysis of vegetative
parameters in the studies showed the preservation of
turgor and stable productivity, which confirms the ef-
fectiveness of biocontrol.

The integrative model presented in Table 2 shows
that effective resistance in potato depends on the inter-
action of at least three levels of defence. None provide
full resistance in isolation: for example, the presence of
R genes without enzymatic support or in a depressed
microbiota does not guarantee control of infection. The
studied varieties demonstrate the differential activity
of these levels: Solokha has a pronounced genetic re-
sistance, Dnepryanka activates an enzymatic response,
and Lugovska combines moderate genetic resistance
with a high level of microbiological control.

Table 2. Main levels of potato resistance to bacterial pathogens and typical mechanisms

Level of resistance

Typical mechanisms

Examples (varieties/pathogens)

Genetic

R-gene alleles, PRR, NB-LRR, QTL, CRISPR

Straw/Ralstonia

Biochemical

POD, PPO, PAL activity, phenol accumulation

Dnepryanka/Pectobacterium

Microbiological

Endophyte antagonism, induced systemic resistance,
production of siderophores, and bacteriocins

Lugovskaya/Clavibacter

Source: compiled by the author based on S. Kaur et al. (2020), J. Muthoni et al. (2020) and X. Huang et al. (2021)

This indicates the feasibility of a multi-level breed-
ing evaluation, which involves not only screening based
on a single marker, but also the study of the enzymatic
profile and interaction with beneficial microbiota. The
combination of genetic, biochemical and microbiologi-
cal mechanisms ensures effective control of bacterial
infections in the field. Inoculation with Enterobacter
cloacae and Trichoderma asperellum reduced the dam-
age caused by Ralstonia solanacearum in wet conditions,
activation of POD, PAL and PPO enzymes limited the
development of Pectobacterium carotovorum, and colo-
nisation of the root zone by Bacillus subtilis and Pseu-
domonas fluorescens strains effectively suppressed the
symptoms of ring rot.
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Comparative effectiveness of modern methods of
increasing sustainability. Methods of increasing pota-
to resistance to bacterial pathogens are divided into
traditional (agronomic measures) and modern (ge-
netic and biotechnological tools), each of which has
specifics, limitations and potential for adaptation to
agroecological conditions. A systematic comparison of
these approaches identified the feasibility of applying
a particular approach depending on the level of path-
ogenic pressure, type of infection, access to resourc-
es, and regional characteristics. Traditional methods,
such as crop rotation, use of healthy planting materi-
al, good machinery hygiene, and phytosanitary prac-
tices (removal of affected tubers, stems, and plant




residues) that reduce the infection background and
the risk of pathogen persistence in the following sea-
son, remain the basic tools for reducing the infection
background. They are particularly effective in con-
trolling soilborne pathogens such as Pectobacterium
spp. and Clavibacter sepedonicus and in regions with
moderate infection pressure. These approaches are
highly adaptable, easy to implement and environmen-
tally friendly. However, in the event of epiphytotic or
systemic infections, their effectiveness is significantly
reduced (Vilvert et al., 2022).

Genetic methods that are considered modern in-
clude breeding varieties with integrated resistance
traits, MAS and CRISPR/Cas. MAS accelerates the selec-
tion of tolerant genotypes, while CRISPR technologies
enable targeted modification of susceptibility genes.
Although most studies analysed fungal infections, the
prospects for transferring this technology to bacterial
pathogens have been confirmed at the conceptual lev-
el. At the same time, the use of such methods requires
complex laboratory support, high cost, and regulatory
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compliance (Kieu et al., 2021). Biotechnological strate-
gies, in particular biological defence using antagonistic
microorganisms (Bacillus, Pseudomonas, Trichoderma),
are becoming increasingly important as an environ-
mentally friendly alternative to chemical intervention.
Biological products not only inhibit pathogens but also
activate the plant’s immune mechanisms, including in-
duced systemic resistance. For example, Planriz, based
on Pseudomonas chlororaphis, reduces bacterial rot
damage during pre-planting treatment of tubers. How-
ever, the effectiveness of biocontrol can vary depending
on soil type, weather conditions, and the competitive-
ness of local microflora (Devaux et al., 2021). The ana-
lysed data demonstrate that the integration of methods
(e.g., a combination of breeding resistant varieties, bi-
ological products and agronomic practices) gives the
best results: in several EU farms, according to organic
standards, this reduced phytosanitary losses by more
than 35%. For clarity, traditional and modern methods
are compared by the main criteria of implementation
efficiency (Table 3).

Table 3. Comparative characteristics of methods for increasing potato resistance to bacterial pathogens

Method type Efficiency Adaptability  Eco-friendliness Main limitations
Agronomic measures Average High High Limited effect at high pathogen load
Selection, MAS High Average High Long selection periods, access to genetic material
CRISPR editing Very high Low-medium High High cost, regulatory restrictions
Biological products  Medium-high Average Very high Dependence on conditions, need for adaptation

Source: compiled by the author based on J.C. Stark et al. (2020), E. Aksoy et al. (2021), ). Hao and K. Ashley (2021)

The comparison shows that traditional methods
have the highest accessibility and adaptability, espe-
cially for small and medium-sized farms. In contrast,
modern tools such as MAS, CRISPR, and biocontrol pro-
vide higher target efficiency, but require a high level of
technical implementation, investment,and institutional
support. Biological methods are the most appropriate
for sustainable farming, and genetic methods are for
creating long-term solutions. Maximum effectiveness is
achieved by combining several approaches adapted to
a specific pathogen-ecosystem situation. Effective man-
agement of potato resistance to bacterial infections
requires the integration of traditional and innovative
methods rather than their opposition. A promising di-
rection is the development of adaptive protection mod-
els that combine genetically determined resistance,
biocontrol and phytosanitary regulation following local
agroecological conditions.

Development and testing of the author’s methods
to improve potato resistance. As part of the empiri-
cal verification of the effectiveness of the developed
complex of agrobiological measures, the increase in
potato resistance was assessed by comparing the re-
sponse of three varieties, Solokha, Dnipryanka and
Lugovska, by several biochemical, microbiological and
morphophysiological parameters. Each variety was

characterised by a different level of initial tolerance
to the main bacterial pathogens, which was used for a
comparative analysis of the impact of the developed
bioengineering approaches. The results demonstrate a
significant reduction in the disease index in all experi-
mental variants with the combined use of antagonistic
strains and resistance inducers. In Solokha, the aver-
age reduction of the index was 62%, which reflected
the suppression of systemic wilt caused by Ralstonia
solanacearum. In Lugovska, the index decreased by
55%, mainly due to the containment of ring rot. In
Dnipryanka, which proved to be more sensitive to Pec-
tobacterium carotovorum, the index decreased by 47%
compared to the control. In the control groups of all
varieties, the infection process was accompanied by
typical symptoms: wilting, putrefactive changes in the
root part and destruction of vascular tissue.
Biochemical parameters confirmed the activation
of the enzymatic plant defence in response to the treat-
ments. The highest POD activity was recorded in Dne-
pryanka at 3.1 U/g protein, which was almost twice the
value in the control variant. This was consistent with
the limitation of the local spread of wet rot in the lower
nodes of the stem. PPO activity in Solokha exceeded
the control values by 1.8 times, indicating the effective
incorporation of an enzymatic barrier against vascular
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pathogens. In Luhovska, both enzymes demonstrat-
ed a consistently high level of activity, although the
absolute values were inferior to those of Dnipro. The
colonisation of the rhizosphere by antagonistic strains
of Pseudomonas fluorescens and Bacillus subtilis
reached maximum values in Lugovska and Solokha of
1x10° CFU/g soil. This level was associated with the
effective displacement of pathogens from the root
zone and the creation of a stable microbial ecosys-
tem that maintained the physiological integrity of
plants. In Dnepryanka, colonisation was less intense
(about 7.2x10* CFU/g) but was also accompanied by

a significant reduction in the infection load. Morpho-
metric observations revealed that all treated variants
showed an increase in vegetative mass. Solokha had
an average increase of 31% compared to the control,
Luhovska 28%, and Dnipryanka 25%. In addition, there
was an increase in the number of formed tubers, in
particular in Luhovska, where the average number of
tubers per plant increased by 2.4 units compared to
the untreated variant. These indicators confirm the
link between the level of resistance and productivity,
which is of practical value in breeding and technolog-
ical programmes (Table 4).

Table 4. Empirical performance indicators of potato resistance improvement methods (average values for varieties)

e PODsciy sy SO s
index (%) (CFU/qg) weight (%) (pcs/plant)
Straw 62 2.8 1.8 1x10° 31 2.2
Lugovskaya 55 24 1.5 1x10° 28 2.4
Dnepryanka 47 31 1.6 7.2x10* 25 1.9
Source: compiled by the authors
The results confirmed that potato resistance to bac- DISCUSSION

terial pathogens was formed through the interaction of
genetic, biochemical and microbiological mechanisms.
In particular, the study determined that in varieties with
signs of polygenic resistance to bacterial wilt, there
was a significant suppression of Ralstonia solanacearum
pathogenesis, accompanied by activation of enzymatic
defence (POD, PAL) and a high level of rhizosphere col-
onisation by antagonistic microbiota. These genotypes
demonstrated local restriction of infection in the root
zone, preservation of conductive tissue and stable de-
velopment of the leaf apparatus. These traits, verified
in Solokha and Dnipryanka, indicate a synergy between
polygenic control and induced resistance, which was
activated using combined agrobiological approaches.

The greatest overall effect was achieved in the
Solokha variety, which combines high PAL activity, a
significant decrease in the disease index and an in-
crease in biomass. The highest increase in the number
of tubers and effective colonisation of the rhizosphere
by antagonists was found in Luhovska. In Dnipryanka,
despite the highest POD activity, the overall efficiency
was somewhat lower, probably due to the limited sta-
bility of microbial defence. The proposed approach of
combining biocontrol agents and inducers of systemic
resistance has proven to be an effective tool for reduc-
ing phytopathogenic risks in potato production. Its ef-
fect is present at several levels: by limiting pathogenic
invasion in the rhizosphere, activating enzymatic de-
fence and stabilising the physiological state of plants.
The developed methods can be integrated into adap-
tive potato production programmes after further vali-
dation in production crops.
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The generalisation of theoretical sources and the
results of testing the developed complex of agrobi-
ological measures showed that potato resistance to
bacterial pathogens is formed as a result of the in-
teraction of genetic, biochemical and microbiological
mechanisms. The study determined that resistance is
variety-specific, depends on environmental conditions
and is realised through enzymatic activity, antagonis-
tic microbiota and morphophysiological stability of
plants. Comparison with other studies was necessary
to identify common patterns and potential differences
due to environment or cultivar differences. Based on
the literature analysis, the study determined that the
most pronounced resistance to Ralstonia solanacearum
was observed in genotypes with activated enzymatic
defence and close association with antagonistic mi-
crobiota. In response to Pectobacterium carotovorum
infection, plants with a high content of phenolic me-
tabolites showed a limited necrosis zone, preservation
of turgor, and stability of photosynthetic processes.
Similar dependencies were found by B. Mohamed et
al. (2020), proving the effectiveness of the combina-
tion of bioagents Enterobacter cloacae and Trichoder-
ma asperellum in suppressing bacterial wilt. N. Ash-
mawy et al. (2020) demonstrated the antimicrobial
activity of phenolic acids against Pectobacterium and
Dickeya, which was accompanied by a decrease in the
degree of tissue maceration. The results of the study
by E. Osdaghi et al. (2022) confirmed that resistance
to Clavibacter sepedonicus was enhanced by combining
varietal properties with strict control of the phytosan-
itary status of seed material.




According to generalised literature data, high tem-
perature and humidity combined with non-compliance
with agronomic practices create optimal conditions for
the development of bacterial infections in potatoes.
These observations are consistent with the results of
M. Hossain et al. (2024), noting an increase in patho-
genesis under the influence of climatic factors that
changed the expression of pathogenicity genes. The
study by C. Singh et al. (2025) described the ability of
bacterial pathogens to adapt to abiotic stress by ac-
tivating mobile genetic elements, which provided an
evolutionary advantage in an unstable environment.
As part of a systematic review of the literature, a the-
oretical model was developed according to which the
causative agents of bacterial infections of potatoes are
characterised by high ecological plasticity, the abil-
ity to persist in agroecosystems for a long time and
adaptation to local agroclimatic conditions. The abil-
ity of Ralstonia solanacearum to rapidly change tran-
scriptional programmes under high temperature and
humidity conditions was particularly dangerous, which
increased the aggressiveness of the infection. These
observations correlate with the data of Z. Wang et
al. (2023) describing the molecular mechanisms of
Ralstonia plasticity, including changes in biofilm com-
position and regulation of type Il secretion. The study
by A. Tripathi et al. (2024) emphasised that the success-
ful infection of Clavibacter and Pectobacterium largely
depended on the ability of pathogens to colonise the
plant host system and synthesise virulence factors. The
analysis conducted by J. Leitao (2020) confirmed that
the production of cellulolytic enzymes, siderophores
and exopolysaccharides remained a key mechanism of
bacterial pathogen aggressiveness in several vegeta-
ble crops, including potatoes.

The analysis of scientific sources revealed that
a significant number of varieties that demonstrated
moderate resistance in laboratory conditions lost it un-
der the influence of climatic stress factors or disrup-
tion of the soil’s physical and chemical balance. In this
context, the importance of agroecological approaches
to regulating phytopathogenic loads was confirmed.
D. Vega et al. (2023) described the effectiveness of in-
tegrating biological control, agronomic diversification,
and cover crops as part of environmental management
strategies. The publication by P. Nolte et al. (2020) pro-
vides examples of successful control of infections, if
crop rotation, equipment rehabilitation and adapted
variety selection are observed, which is consistent with
the results obtained on the importance of preventive
measures. Based on the results of the empirical test-
ing of the developed methods, the study determined
that the presence of polygenic resistance to bacterial
wilt in combination with activated antioxidant defence
contributed to a significant reduction in vascular dam-
age in potato varieties. In the samples with increased
activity of PAL and PPO enzymes in the root zone, local
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restriction of pathogen spread and preservation of the
physiological state of the leaves were observed. These
observations correlate with the literature data on the
intratissue activity of endophytes as bioinducers of
systemic resistance. This approach correlates with the
results described by J. Muthoni et al. (2020), emphasis-
ing the importance of polygenic control of resistance to
Ralstonia solanacearum.

The results also highlighted that potato resistance
was formed not only as a reaction to the pathogen, but
as a holistic response of the agroecosystem to the mi-
crobiological load. The increase in the content of phe-
nolic compounds and stabilisation of superoxide dis-
mutase activity in stems and tubers correlated with a
low level of symptoms. This correlates with the findings
of S.Kaur et al. (2022), identifying biochemical reactions
as a key component of resistance in conditions of high
pathogenicity. In turn, X. Huang et al. (2021) demon-
strated that the integration of endophytes increased
resistance to bacterioses not only through direct an-
tagonism but also through modulation of the plant’s
immune response. The described results are consistent
with the concept of multilevel resistance presented in
the monograph by P. Vidhyasekaran (2024), where a
systematic approach is recognised as a prerequisite for
achieving a stable phytosanitary effect.

The analysis of the effectiveness of methods to in-
crease resistance confirmed that combined strategies
that combined agronomic practices with biotechno-
logical tools had the greatest potential. In particular,
the combination of crop rotation, control of infected
material and the use of endophytes made it possible
to reduce the level of bacterial damage in two varieties
with an average level of natural tolerance. The similar
effectiveness of combined approaches was confirmed
in a systematic review by E. Vilvert et al. (2022), which
emphasised the benefits of multifactorial control in
potato production systems. The role of precision ge-
nome editing, of vulnerable genes, was demonstrated
by N. Kieu et al. (2021), describing an increase in late
blight resistance after a targeted mutation in suscep-
tibility genes, which confirms the potential of CRISPR
approaches for bacterial diseases.

In addition, the effectiveness of the integrated ap-
proach largely depended on the ability of the variety
to implement unique adaptive potential in a chang-
ing environment. In the present study, varieties with
moderate genetic resistance to Pectobacterium showed
higher productivity stability when combined with bio-
logical protection. This is in line with the vision of sus-
tainable agri-food systems proposed by A. Devaux et
al. (2021), who emphasised the need to breed vari-
eties with a wide range of tolerances. The classic re-
view by J. Stark et al. (2020) emphasised that successful
disease control is based on a combination of genetic
resistance, selection of adapted varieties and agro-
nomic stability. An integrated approach to breeding,
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emphasising the simultaneous implementation of
several resistance mechanisms, was also described by
E.Aksoy et al. (2021), highlighting the prospects of inte-
grating traditional and molecular methods to increase
resistance to a complex of bacterial pathogens.

The methods testing determined that the effec-
tiveness of the applied complex of biocontrol meas-
ures largely depended on the stable colonisation of
the rhizosphere by antagonistic microorganisms. In
the varieties Lugovska and Solokha, the level of col-
onisation of Bacillus subtilis and Pseudomonas fluo-
rescens reached 1x10° CFU/g, which was accompanied
by a significant decrease in the disease index (by 55-
62%) and an increase in vegetative productivity. These
observations are consistent with the results of the
study by J. Hao and K. Ashley (2021), proving that the
formation of a suppressive soil is possible due to the
stimulation of saprophytic and antagonistic microbi-
ota by organic amendments. Both in the cited source
and current testing, the key factor in the protective
effect was the stabilisation of the microbial environ-
ment in the root zone, which limited the development
of pathogens and maintained the physiological integ-
rity of plants, especially under conditions of moderate
humidity and balanced agrochemical load, as repro-
duced in the vegetation experiments. In addition, in
varieties with a high level of POD and PAL activity (in
particular, Dnipryanka and Solokha), there was a de-
crease in the intensity of pathogen spread within the
root zone, which was accompanied by the maintenance
of the functional state of the vascular system and the
stability of the assimilation apparatus. This effect is
consistent with the results of A. Farvardin et al. (2024)
showed that antimicrobial proteins and peptides, in
addition to direct inhibitory effects on the pathogen,
can activate the signalling pathways of the plant’s
defence response. The analysis determined that en-
zymatic activation in the early phase of the infection
process ensured morphophysiological stability even
under high pathogenic pressure; this gives grounds to
classify the applied bioagents as potential inducers of
systemic resistance. This mechanism is similar in its
characteristics to the action of protein signalling mol-
ecules described in the above study.

The theoretical analysis of current literature has
shown that effective containment of bacterial diseases
of potatoes is based on a combination of genetic selec-
tion, biochemical activation of defence responses, mi-
crobiological control and agroecological management
of environmental conditions. The systematic synthesis
of scientific sources substantiated unique approaches
aimed at increasing potato resistance, through the vali-
dation of complex tolerance bioindicators (PAL, POD ac-
tivity, number of CFU of antagonistic microorganisms)
and the use of these parameters as practical criteria for
selection screening concerning the type of pathogen
and resistance mechanism.
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CONCLUSIONS

A theoretical assessment of bacterial pathogens of po-
tato was conducted based on the analysis of published
sources, with a focus on their biology, environmental
variability and response to modern approaches to in-
creasing crop resistance. As part of this review, Ralsto-
nia solanacearum was identified as the most danger-
ous phytopathogen, which, according to the literature,
forms a systemic infection that spreads through the
plant vascular system. This pathogen is characterised
by high thermal tolerance, resistance to agronomic in-
terventions and the ability to persist in the soil envi-
ronment for a long time. Information on Pectobacterium
carotovorum indicates its pronounced tissue maceration
ability, which worsens the storage of products, and
Clavibacter sepedonicus is described as a pathogen ca-
pable of causing latent infection with gradual blockage
of tubers’ vessels.

Factors contributing to the development of bac-
terial damage were also analysed based solely on the
literature. High humidity, elevated air temperature
and mechanical damage to plants were identified as
key triggers of the infection process, which, according
to experimental observations, increased the disease
index in varieties with low resistance by up to 47%
(Dnepryanka). Instead, the functional activity of the
endophytic and rhizosphere microbiota is considered
a factor that can suppress the development of path-
ogens, reducing the disease index to 38% (Luhovska)
and even 31% (Solokha) at a colonisation density of
1x10° CFU/qg. Based on a critical review of sources, the
study classified the main levels of potato resistance:
genetic (including the presence of QTL loci, PRR re-
ceptors and NB-LRR proteins), biochemical (POD, PAL,
PPO activity, phenol accumulation), and microbiologi-
cal (the effect of antagonistic endophytes and mech-
anisms of induced resistance). Examples of varieties
with predominant defence mechanisms are based on
published data and are not the result of the present-
ed breeding. In particular, the highest resistance was
demonstrated by Solokha, which was characterised by
stable vascular resistance to Ralstonia solanacearum.
The Dnepryanka variety demonstrated an enhanced bi-
ochemical response to Pectobacterium infection, while
the Luhovska variety had a pronounced microbiological
tolerance to Clavibacter sepedonicus. Comparison of the
methods described in the sources for increasing resist-
ance confirms the feasibility of integrated approaches,
in particular combinations of agrotechnical techniques
(crop rotation, planting material sanitation) with bio-
technological solutions, including CRISPR editing, MAS
selection and the use of endophytic biological prod-
ucts. Empirical testing of such combinations showed a
reduction in the disease index by at least 17-31% com-
pared to the control, depending on the level of initial
infection and genotype, indicating an adaptive effect in
different agroecosystems.




During the testing of the methods proposed in this
study, the diagnostic efficiency of the complex of bioin-
dicators that integrated the activity of POD and PAL en-
zymes, indicators of microbiological colonisation of the
rhizosphere, as well as the morphophysiological sta-
bility of the conductive tissue and leaf apparatus, was
confirmed. The study empirically established that the
increased activity of key enzymes of phenolic metabo-
lism, in particular POD at the level of 2.8-3.1 U/g pro-
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the severity index in the range of 55-62% depending on
the variety. The proposed complex of bioindicators has
demonstrated high applied value for assessing varietal
tolerance in the context of breeding screening. Further
research is recommended to expand field validation of
the established resistance indicators, studying the inter-
action between genetic, biochemical and microbiologi-
cal levels of regulation, and including a wider range of
varieties with different environmental characteristics.

tein,and PAL, which increased by 1.8 times compared to
the control level, was accompanied by local restriction
of the pathogen spread in the root zone and preserva-
tion of the morphological and functional integrity of
the conductive tissue. At the same time, a dense coloni-
sation of the rhizosphere by antagonistic microorgan-
isms, in particular strains of Bacillus subtilis and Pseu-
domonas fluorescens, was recorded at the level of up to
1x10° CFU/g, which was associated with a decrease in
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AHoTauisn. Lle pocnigpkeHHs 30CepemXyBanocs Ha BWMBYEHHI cknagy OakTepianbHuX 30yAHWMKIB KapTonai Ta
edeKTUBHOCTI Ppi3HMX cTpaTerii GOpMyBaHHS pE3UCTEHTHOCTI KynbTypu B arpoekocuctemax. B poborti 6yno
NOEAHAHO TEOPETUUHMIA QaHANI3 NiTepaTypHUX DXKepen LLOoAO BNACTUBOCTEN 30YAHMKIB | MEXAHI3MIB Pe3nCTEHTHOCTI
3 eKCnepuMMEeHTaNbHO anpobalielo BnacHMX arpobionoriyHnx MeToAiB y BereTaliiHMX YyMOBaX A/ MOPiBHSAMbHOI
OLiHKM epeKTUBHOCTI KOHTPOO BakTepianbHMX XBOPO6 KapToni. Y pe3ynbrati BCTAHOBMAEHO, WO HAMBULLY NAaTOreHHyY
aKTUBHICTb B yYMOBax pocnigy Bussnana Ralstonia solanacearum, sika CNPUUYUHANA CUCTEMHE BSIHEHHS POC/MH.
Pectobacterium carotovorum nepeBaxHo ypaxana b6ynbbu, popMyoun ocepeaku MoOKpoi rHuni, Toai gk Clavibacter
sepedonicus NposSBASB MNOBINbHUM iHDEKLIAHWIA NPOLEC, LLLO YacTille [iarHOCTYBaBCS Ha cTagii 36epiraHHs. Po3uTok
HakTepianbHMX XxBOpob KapTonai iHTeHcMdikyBaBCS 3a YMOB HaAMipHOi BONOrOCTi FPyHTY, TeMnepatypu Buue 27°C,
MeXaHiYHMX YLWKOOXKEHb Ta HAKOMUYEHHS OpraHiuyHmx pewwTok. opMyBaHHS CTabinbHOi pusocdepHoi MikpobioTw,
30KpeMa 3a y4acTi NpeLCTaBHUKIB poLiB Pseudomonas i Bacillus, cnpusno 3HUXKEHHIO iHAEKCY XBOPOOIMBOCTi Ha 47-
62 % Ta NiABULLEHHI0 BErETAaTMBHOI MacK Ha 25-31 % NopiBHSAHO 3 KOHTpPONeM. Y AOCNiAXYBAHUX COPTIB OMiHYBaM
pi3Hi MexaHi3Mu TonepaHTHoCTI: y CONOXM — CYAMHHA PE3UCTEHTHICTb, LLO 3abe3neunna 62 % 3HUXKEHHS YPaXKEHHS,
31 % npupict Macu Ta 2,2 ponatkosi Bynbbu Ha pocauHy. Y JHinpsHKM — 6ioxiMiyHa BiAMNOBiIAb, 3 NiABULLEHHIM
aKTMBHOCTI nepokcmnpasu y 3,1 pas Ta deHinanaHiHamoHiak-niasn y 1,6 pas, a y JlyroBcbkoi — MikpobionoriuHui
KOHTPONb, 3 LWINbHICTIO KONOHi3aLii pusocdepn fo 1x10° KONOHIEYTBOPIOBANbHMX OAMHMLbL Ha rpaM FPyHTY Ta
NpUPOCTOM KinbkocTi 6ynbd Ha 24 wrtykn. OTpMMaHi pe3ynbTaTv MaklTb NPaKTUYHE 3HAYEHHS AN po3pobku
iHTErpOBaHMX CXEM 3aXMCTy KapToni, Lo nependavatoTb BUKOPUCTAHHSA GioareHTiB i iHAYKTOPiB pe3nCTEHTHOCTI
K edeKTUMBHY anbTepHATUBY XiMiYHMM 3acobaM, a TakoX A/ BMPOBALXKEHHS CUCTEMWU PAHHBOrO AiarHOCTUYHOIO
MOHITOPMHIY Ha OCHOBI 6i0iHAMKATOPIB Yy CeNeKLiiHMX Ta arpoBUPOBHUYMX TEXHONOTISX
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