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conditions of artificial inoculation with pathogens in field infectious nurseries. In order to identify
sources of resistance to major pathogens in the collection nursery, approximately 400 collection
samples of winter wheat were tested under artificial infection conditions with Septoria tritici,
Puccinia recondita, Fusarium graminearum, Tilletia caries, Cercosporella herpotrichoides and a challenge
background of Erysiphe graminis. The results of studies conducted in the autumn tillering phase showed
that powdery mildew damage to plants causes a violation of the structural and functional state of
cell membranes, accompanied by an increase in the electrical conductivity of tissues. At the level of
leaf surface damage of 30-50%, the value of this indicator increased more than twice compared to
healthy plants. In the earing phase, powdery mildew damage to the flag leaf caused an increased
yield of electrolytes from cells, especially in genotypes with increased susceptibility to the pathogen. A
similar pattern was observed for the development of septoria leaf blotch and brown rust. When plants
are affected by the pathogen Cercosporella herpotrichoides, there was also a gradual increase in the
electrical conductivity of cell membranes with an increase in the degree of development of the disease.
A direct relationship was established between the intensity of plant damage and the level of electrical
conductivity of cell membranes. The maximum values of electrical conductivity of cell membranes
(98.8-100.0%) were recorded in susceptible varieties ‘Donska Napivkarlykova’ (affected by septoria leaf
blotch) and ‘Myronivska 10’ (affected by brown rust) in the earing phase with the development of
diseases up to 50%, the minimum electrical conductivity (8.4%) was observed in immune plants in the
autumn tillering phase with the complete absence of powdery mildew infection. The identified patterns
between the degree of plant damage by pathogens and the level of electrical conductivity of tissues
can be used in breeding practice for early selection of resistant genotypes

Keywords: winter wheat; Septoria tritici; brown rust; powdery mildew; electrical conductivity of
tissues; disease resistance; selection

Introduction

Soft wheat (Triticum aestivum L.) is one of the
most important food crops in the world, but its
productivity is significantly reduced by infection
with plant pathogens. The development of patho-
gens negatively affects the physiological state of
plants, in particular, the intensity of photosynthe-
sis, the content of photosynthetic pigments, water
regime and metabolic processes, which leads to
crop losses and deterioration of grain quality. The
investigation of changes in physiological param-
eters due to plant disease is important for reveal-
ing the mechanisms of wheat resistance and im-
proving crop protection measures in agricultural
production (Juroszek & Tiedemann, 2013).
Considerable attention of researchers was
paid to the physiological mechanisms of inter-
action of soft wheat (Triticum aestivum L.) with
pathogens, since it is the physiological responses

of plants that largely determine the level of their
resistance and productivity. Of particular impor-
tance are studies aimed at establishing a link be-
tween the development of the infectious process
and changes in the functional state of the plant
organism. J. Mapuranga et al. (2022) summarised
current data on the physiological, biochemical,
and molecular mechanisms of wheat interaction
with the powdery mildew pathogen, and consid-
ered the role of resistance genes, reactive oxygen
species, and plant defence responses. L.C. Ferrei-
ra et al. (2024) found that the infection of wheat
by the tan spot pathogen (Pyrenophora tritici-re-
pentis) is accompanied by significant changes in
carbohydrate metabolism. The researchers found
a decrease in the content of individual sugars, a
restructuring of metabolic processes and activa-
tion of plant protection systems. The researchers
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stressed that metabolic changes can be used as
markers of disease resistance.

S. Francesconi et al. (2021), using advanced
methods of remote monitoring and analysis of
gene expression, investigated the physiological
responses of durum wheat to Fusarium head
blight infection. It was found that the develop-
ment of the disease is accompanied by changes
in the temperature regime of plants, a violation
of the water balance, and activation of protective
response genes. The results obtained confirmed
a close relationship between the physiological
state of plants and the degree of development of
the infectious process. Researchers paid special
attention to the investigation of oxidative and an-
tioxidant processes in wheat plants. V. Turenko et
al. (2024) investigated the specifics of septoria
leaf blotch development in the Forest-Steppe of
Ukraine, finding that with an increase in the de-
gree of plant damage, the indicators of their phys-
iological state worsen, the assimilation activity of
the leaf apparatus decreases, and a crop short-
age is formed. 0.0. Molodchenkova et al. (2022)
investigated the features of the course of oxida-
tive-antioxidant reactions in plants infected with
Septoria tritici. The researchers found that the
development of septoria leaf blotch is accompa-
nied by the accumulation of lipid peroxidation
products, changes in the activity of antioxidant
enzymes, and a violation of cellular homeostasis.
The detected changes were more pronounced
in susceptible genotypes compared to resistant
ones. M. Battache et al. (2024) found that the ef-
fectiveness of pathogen penetration through sto-
mata is one of the key factors in the development
of wheat resistance to septoria leaf blotch, and
the physiological state of the stomatal apparatus
determines the further development of infection.

A significant contribution to the understand-
ing of the physiological responses of wheat
plants to powdery mildew infection was made by
VV. Zhuk et al. (2022). They showed that the de-
velopment of the disease is accompanied by the
accumulation of hydrogen peroxide, a change in
the activity of antioxidant defence enzymes and

a restructuring of metabolic processes. The re-
searchers concluded that physiological and bio-
chemical parameters can be used to assess the
level of resistance of genotypes to the pathogen.
A.Yu. Zhupyna et al. (2022) investigated the pat-
terns of inheritance of powdery mildew resistance
in winter wheat hybrids of various ecological
and genetic origins. The researchers established
the features of the manifestation of the trait in
the offspring and identified promising parental
forms for creating resistant varieties. A.C. Velho et
al. (2022) found that activation of plant defence
reactions is accompanied by changes in antiox-
idant activity, accumulation of protective com-
pounds, and a decrease in the intensity of pow-
dery mildew development.

Along with studying the physiological reac-
tions of plants, a significant amount of research
was devoted to the search for sources of resist-
ance to diseases. L.A. Murashko et al. (2022) eval-
uated winter wheat varieties on artificial infec-
tious backgrounds of the main pathogens. Based
on the results of research, a number of varieties
with group resistance to a complex of pathogens
have been identified, which can be used in breed-
ing programmes. V. Plyhun et al. (2022) summa-
rised current data on resistance genes to Blumeria
graminis and mechanisms of their functioning.
The researchers showed that the effectiveness of
genetic protection is largely determined by the
ability of plants to quickly activate the physiolog-
ical and biochemical mechanisms of response to
pathogen penetration.

The analysis of contemporary scientific lit-
erature showed that the defeat of wheat plants
by pathogens is accompanied by a complex of
physiological and biochemical changes, among
which the most common are the suppression of
photosynthesis, the development of oxidative
stress, violation of carbohydrate metabolism, and
the functioning of cell membranes. Most studies
are devoted to individual pathogens or individual
physiological indicators. The issues of the com-
plex influence of the main pathogens of winter
wheat on the permeability of cell membranes
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and the possibility of using the electrical conduc-
tivity index of tissues as an integral criterion for
assessing plant resistance remain insufficiently
investigated. There is also limited information
on the use of this indicator for rapid screening
of breeding material in conditions of artificial in-
fectious backgrounds. That is why the purpose of
this study was to identify the influence of damage
to the main pathogens of winter wheat on the
physiological parameters of plants and identify a
source of resistance against them.

Materials and Methods

The study was conducted during 2020-2024 in
the field infection nurseries of the Department of
Plant Protection at the V.M. Remeslo Myronivka
Institute of Wheat, National Academy of Agrarian
Sciences of Ukraine, located in Tsentralne Village,
Obukhiv District, Kyiv Oblast, in the northern part
of the Right-Bank Forest-Steppe zone of Ukraine.
Breeding work to identify sources of resistance
against the main pathogens was carried out un-
der conditions of artificial inoculation with them
in field infectious nurseries according to gener-
ally accepted methods. The study was consistent
with the principles set out in the Convention on
Biological Diversity (1992).

To identify sources of resistance to the major
wheat pathogens, 400 winter wheat accessions
representing different ecological and geograph-
ical groups, together with 108 entries from the
ecological variety trial, were evaluated in the
collection nursery using separate artificial inocu-
lation backgrounds of Septoria tritici, Puccinia re-
condita, Fusarium graminearum, Tilletia caries, and
Cercosporella herpotrichoides, and a disease-con-
ducive background for Erysiphe graminis. Assess-
ment of the resistance of winter wheat plants
against pathogens was carried out in dynamics
(to study the increase in the disease), the main
assessment was considered during the period of
maximum development of diseases. For Erysiphe
graminis, Septoria tritici, Fusarium graminearum -
winter wheat flowering phase, Puccinia Recondi-
ta - milk ripeness phase, Tilletia caries — milk-wax
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ripeness phase was determined according to
V\V. Kyrylenko et al. (2018). Experiments on eval-
uating wheat varieties and numbers for disease
resistance using artificial inoculation were con-
ducted using the method of S.0. Tkachyk et
al. (2017). Physiological tests were performed in
the laboratory of plant genetics and physiology
according to the methods provided by T.V. Parshy-
kova (2010), Z.M. Hrytsaienko et al. (2003). To de-
termine the effect of abiotic factors, in particular,
weather conditions (precipitation and tempera-
ture), on the development of diseases and pest
infestation, the hydrothermal coefficient (HTC)
was used (Pykalo et al., 2021).

Results and Discussion
Both biotic and abiotic factors influence the de-
velopment of winter wheat diseases and pest in-
festation. Weather conditions of the growing year
are one of the most important factors for the de-
velopment of pathogenic organisms of grain crops
throughout the growing season, so it is necessary
to monitor them. Weather conditions of the grow-
ing seasons of 2023-2024 significantly affect-
ed the development of major diseases of winter
wheat. The winter of 2022/2023 was favourable
for overwintering plants, and excessive moisture
in April 2023 (exceeding the precipitation rate by
40.0 mm) contributed to the development of leaf
diseases. The intensity of powdery mildew damage
was 1.0-15.0%, septoria leaf blotch - 3.0-30.0%,
brown rust - 10.0-15.0%. However, the lack of pre-
cipitation in May-June (HTC 0.46-0.67) restrained
the further spread of pathogens. Despite a signif-
icant amount of precipitation in July (183.5 mm),
no significant effect on the increase in diseases
was observed. The autumn period of 2023 was
characterised by dry conditions, which limited the
development of infection and the colonisation of
crops by pests. In 2024, the resumption of vegeta-
tion took place on March 21. Excessive moisture
in March-April (excess of precipitation by 51.3 and
24.6 mm, respectively) contributed to the initial
development of leaf diseases. However, an acute
lack of precipitation in May (5.8 mm; HTC 0.12)
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stopped the development of pathogens. Elevat-
ed air temperatures during April-July, which ex-
ceeded the annual average by 2.0-3.3°C, also re-

strained the spread of leaf diseases and root rot.

In general, the dry conditions of the autumn and
spring-summer periods contributed to a decrease
in the intensity of the development of major dis-

eases of winter wheat and the number of pests.

Analysis of the intensity of damage by the
main pathogens of wheat from the tillering peri-
od to full ripeness helped to identify the average
development of pathogens Erysiphe graminis, Sep-
toria tritici, Puccinia Recondita, Fusarium gramine-
arum, Tilletia caries, Cercosporella herpotrishoides
on winter wheat varieties of various breeding
centres of Ukraine and a collection nursery in
2024.Higher development of common bunt (Tille-
tia caries) was noted in 2023, when the average
infection rate was 55.1%. Maximum development
of Fusarium head blight (Fusarium graminearum)
was also observed in 2023 - 7.4%, which was
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conditioned by favourable weather conditions for
the pathogen during the period of grain develop-
ment and maturation. The greatest development
of root rot (Cercosporella herpotrichoides) was re-
corded in 2022 at the level of 37.1%. The highest
incidence of powdery mildew (Erysiphe graminis)
(33.8%) and brown rust (Puccinia recondita)
(29.7%) was also recorded in the same year, in-
dicating that conditions throughout the growing
season were favourable for the development of
foliar diseases.Among the pathogens studied, the
highest level of development was noted for sep-
toria leaf blotch (Septoria tritici), which reached
47.9% in 2020.This confirms the significant harm-
fulness of this disease and its high dependence
on weather conditions, primarily the availability
of moisture. The results obtained indicate a sig-
nificant influence of hydrothermal conditions of
the year on the formation of the phytosanitary
state of winter wheat crops and the intensity of
development of the main pathogens (Fig. 1).
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Figure 1. Development of pathogens of major diseases on winter wheat varieties
of collection and ecological nurseries, %, 2020-2024

Source: compiled by the authors

Immunological characteristics of varieties
with group resistance against the main patho-
gens showed that the defeat of varieties from
different growing zones was in the range from
0 to 14.1%, with the defeat of the variety -
standard ‘Podolianka’ from 10.0% (septoria leaf
blotch) to 50.0% (Fusarium head blight). Immu-
nity against powdery mildew was characterised

by the variety of Myronivska selection ‘MIP Yu-
vileyna’, and against common bunt - ‘Kolum-
biia’ and ‘Smuhlianka’ (joint selection of IPPG,
MIP). It should be noted that the variety ‘Smuh-
lianka’ has developed a high resistance against
five diseases (Erysiphe graminis, Septoria tritici,
Puccinia Recondita, Fusarium graminearum, Tille-
tia caries) (Table 1).
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Table 1. Inmunological characterisation of winter wheat varieties in the ecological variety trial
for complex resistance to winter wheat diseases, average for 2020-2024

Disease infection, %
Variet Origin owder septoria common Fusarium
Y ’ oildow | loaf blateh | Drown rust | SN rootrots | 1 ead blight

‘Podolianka’ | IPPG, MIP 15.0 10.0 30.0 50.0 35.7 10.0
‘Kolumbiia’ IPPG, MIP 10.0 5.0 10.0 0 57 3.0
‘Smuhlianka’ | IPPG, MIP 5.0 3.0 5.0 0.5 141 5.0
‘Volodarka’ IPPG, MIP 8.0 5.0 11.0 5.0 13.5 5.0
‘Slavna’ IPPG, MIP 5.0 3.0 10.0 5.0 11.0 3.0
‘Dobirna’ IPPG, MIP 10.0 5.0 12.0 3.0 10.5 10.0
‘Epoha Odeska’ PBGI 3.0 8.0 10.0 5.0 14.0 7.0
‘Zhayvir’ PBGI 3.0 3.0 10.0 5.0 15.0 7.0
‘Ekonomka’ MIPR, IPP 1.0 6.0 8.0 15.0 10.2 7.0
‘MIP Dniprianka’ MIP 3.0 5.0 10.0 15.0 10.0 5.0
‘MIP Yuvileyna’ MIP 0 5.0 10.0 10.0 13.0 5.0
‘MIP Feyeriya’ MIP 3.0 3.0 10.0 15.0 9.5 8.0
‘MIP Lada’ MIP 3.0 3.0 10.0 9.0 8.0 3.0

Note: IPPG - Institute of Plant Physiology and Genetics of the National Academy of Sciences of Ukraine (NAS

of Ukraine); MIP — V.M. Remeslo Myronivka Institute of Wheat of the National Academy of Agrarian Sciences of
Ukraine (NAAS of Ukraine); PBGI - Plant Breeding and Genetics Institute — National Centre of Seed and Cultivar
Investigation of the National Academy of Agrarian Sciences of Ukraine (NAAS of Ukraine); IPP — Institute of

Plant Protection of the National Academy of Agrarian Sciences of Ukraine (NAAS of Ukraine)

Source: compiled by the authors

According to group resistance (damage from
0 to 15.0%), the following samples were iden-
tified among the collection samples: ‘Century,
‘HBF 0140-19° (USA), ‘Cerco 41’ ‘Hadmers leben’
(GEO), ‘UH 755’ 'so 83-1946’ (CZE), ‘MV-Suveges’
(USA), ‘Nobeoka bozu’ (JPN), etc., while suscep-
tibility standards ranged from 15.0 % (Fusarium
head blight) to 60.0 % (common bunt). Immune
against Erysiphe graminis, and Puccinia Recondita
were varieties ‘Hadmers leben’ (GEQ), ‘UH 755’,°SO

83-1946’ (CZE), MV-Suveges’ (USA). High group re-
sistance invarious combinations to six diseases (Er-
ysiphe graminis, Septoria tritici, Puccinia Recondita,
Fusarium graminearum, Tilletia caries, Cercosporella
herpotrishoides) was noted on the varieties: ‘Had-
mers leben’ (GEO),’'VR 89 Bo 22’ (FRA) and ‘Dromos’
(GEO), up to five in various combinations: ‘Centu-
ry’, ‘HBF 0140-19° (USA), ‘UH 755’ (CZE), ‘Nobeo-
ka bozu’ (JPN). The remaining samples had high
to moderate resistance to pathogens (Table 2).

Table 2. Inmunological characteristics of winter wheat variety samples of the collection nursery
for complex resistance against diseases of winter wheat, average for 2020-2024

Intensity of disease damage, %
Variety sample Country | powdery | brown septoria | root | common | Fusarium
mildew rust |leaf blotch | rots bunt | head blight
‘Myronivska 10’ —
susceptibility standard UKR 50.0 25.0 35.0 344 50.0 15.0
‘Keprok’ — susceptibility standard | USA 30.0 25.0 25.0 22.0 50.0 15.0
‘Donska Napivkarlykova’ -

susceptibility standard RUS 30.0 20.0 30.0 26.0 60.0 15.0
‘Century’ USA 5.0 5.0 3.0 8.0 10.0 3.0
‘HBF 0140-19’ USA 3.0 1.0 5.0 1.0 15.0 1.0
‘Cerco 41 GEO 6.0 5.0 5.0 10.0 6.0 3.0
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Table 2. Continued

Intensity of disease damage, %
Variety sample Country | powdery | brown | septoria | root | common| Fusarium
mildew rust |leaf blotch | rots bunt | head blight

‘Hadmers leben’ GEO 0 0 5.0 2.0 8.0 3.0
‘UH 755’ CZE 0 0 5.0 8.0 15.0 1.0
‘SO 83-1946’ CZE 0 0 3.0 10.0 10.0 1.0
‘MV-Suveges’ USA 0 0 1.0 10.2 10.0 3.0
‘Nobeoka bozu’ JPN 1.0 3.0 3.0 10.0 6.0 1.0
‘VR 89 Bo 22’ FRA 1.0 0 5.0 6.0 5.0 3.0
‘Dromos’ GEO 5.0 0 3.0 7.0 8.0 1.0

Source: compiled by the authors

The study of the effect of pathogen damage
on the physiological parameters of winter wheat
plants (leaves during earing) revealed that with
an increase in disease damage, the electrical
conductivity of cell membranes increases. Ear
diseases do not cause significant disruption of
the cell membranes of the leaf surface, so the
difference in electrical conductivity between af-
fected and non-affected plants is not significant.
The results of tests conducted in the autumn pe-
riod in the tillering phase of winter wheat, with
the defeat of leaves by the causative agent of
powdery mildew indicate that the defeat of the
above-mentioned pathogen leads to irritation of

cell membranes, which in turn increases the elec-
trical conductivity and with the defeat of the leaf
surface by 30-50%, this feature increases more
than twice. In the earing phase of winter wheat,
powdery mildew damage to the flag leaf causes a
higher outflow of electrolytes in a more suscepti-
ble variety. A similar pattern was observed on va-
rieties affected by septoria leaf blotch and brown
rust. For plant damage caused by the pathogen
Cercosporella herpotrichoides, the electrical con-
ductivity of cell membranes increases as plant
damage grows. The greater the damage to the
variety, the greater the electrical conductivity of
cell membranes (Table 3).

Table 3. Influence of pathogen damage on physiological parameters indicators
of winter wheat plants, 2024

‘ Pathogen damage, % Electrical conductivity
Variety sample ! of cell membranes, %
infected \ not infected infected not infected
Cercosporella herpotrichoides
‘Cerco 3715/80’ 2 0 70.8 65.3
‘Tarzo’ 8 0 88.5 66.7
‘MV-Emese’ 10 0 90.0 76.0
‘Myronivska 61" — susceptibility standard 44 0 100.0 79.6
Fusarium graminearum
‘MV-62/7' 3 0 71.7 70.9
‘KRISTADORA' 15 0 81.6 78.9
‘Akter’ 20 0 87.9 83.5
‘Myronivska 61’ — susceptibility standard 25 0 90.0 85.4
Tilletia caries

‘Sel.M 65-3157 (Bt 9)’ 0 0 37.6 37.2
‘0K 941611’ 5.0 0 37.5 35.2
‘Farandol’ 30.0 0 46.7 44.2
‘Myronivska 808’ — susceptibility standard 80.0 0 54.4 50.1
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Table 3. Continued

Electrical conductivit
Variety sample Pathogen damage, % of cell membranes, °/Z
infected not infected infected ‘ not infected
Erysiphe graminis
Autumn tillering

‘Pi 170911 0 0 8.4 8.6

V1275 10 0 15.3 9.9

‘Flamura’ 30 0 20.0 8.8

‘Keprok’ — susceptibility standard 50 0 21.0 10.0

Earing

‘Pi 170911 0 0 62.0 61.7

V1275 10 0 73.3 69.7

‘Flamura’ 30 0 79.5 64.3

‘Keprok’ — susceptibility standard 40 0 89.6 67.4

Septoria tritici

‘Dromos’ 5 0 58.1 57.7

‘Ocapi’ 15 0 85.3 63.6

‘HE-14-15' 25 0 92.1 69.7

‘Donska Napivkarlykova’ — susceptibility standard 50 0 98.8 70.4

Puccinia recondita

‘VR 89 Bo 22’ 1 0 78.5 78.2

‘R. 5-1 10.0 0 89.4 79.1

‘TAM-107' 30.0 0 96.8 80.4
‘Myronivska 10’ — susceptibility standard 50.0 0 100.0 80.8

Source: compiled by the authors

The highest electrical conductivity of cell
membranes of 98.8% and 100.0% were found
for pathogen damage up to 50.0% in susceptible
varieties ‘Donska Napivkarlykova’ (septoria leaf
blotch) and ‘Myronivska 10’ (brown rust) dur-
ing earing, and the lowest - 8.4% on immune
plants (powdery mildew infection 0%) during
autumn tillering. Differences in physiological
parameters were revealed in different varieties
of winter wheat in terms of resistance to diseas-
es and between plants with different degrees of
powdery mildew and septoria leaf blotch. It was
found that with the growth of plant damage by
pathogens, the intensity of respiration decreas-
es and the electrical conductivity of cell mem-
branes increases. A smaller difference between
the physiological parameters of healthy and af-
fected leaves in more resistant wheat varieties
has been proven.

The results obtained are consistent with the
data by U. Adhikari et al. (2023), who found that

the development of septoria leaf blotch disease
in wheat is largely dependent on weather con-
ditions, primarily precipitation and humidity. The
researchers noted that wet periods promote the
rapid spread of infection and increase the rate
of disease development in plants. Similar pat-
terns were noted by K. Sunic et al. (2023), who
showed that high humidity and moderate tem-
peratures contribute to the active development
of Fusarium head blight, while arid conditions
restrain the development of pathogens and re-
duce the intensity of disease manifestation. The
results of current observations also support the
conclusions of V. Turenko et al. (2024), who es-
tablished a gradual increase in the prevalence
and development of septoria leaf blotch from
the tillering phase to milky-waxy ripeness. The
researchers noted the crucial role of weather
conditions in the formation of the epiphytotic
process and the need for constant monitoring of
the development of the disease. In addition, the
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obtained indicators of the development of pow-
dery mildew, septoria leaf blotch, and common
bunt are comparable with the results of research
by Ukrainian researchers on the evaluation of
wheat collection material on artificial infec-
tious backgrounds. In their studies, the level of
development of septoria leaf blotch reached
44.8-63.3%, powdery mildew - 18.0-54.5%, and
common bunt - 55.2-78.4%, which confirms a
significant dependence of the development of
pathogens on the weather conditions of the year
and the genetic characteristics of varieties.

Data on the high resistance of the ‘Smuhlian-
ka’ variety to five pathogens were obtained (Er-
ysiphe graminis, Septoria tritici, Puccinia recondita,
Fusarium graminearum, Tilletia caries), confirming
the current trend of using varieties with com-
plex or broad-spectrum resistance as the most
effective and environmentally safe way to pro-
tect wheat crops. According to research data from
L. Golosna et al. (2021), T. Bapela et al. (2023), it
is the combination of several genes and resist-
ance mechanisms that provides long-term control
of powdery mildew, rust, and other economically
important grain diseases.

The results obtained regarding the increase
in the electrical conductivity of cell mem-
branes with an increase in the degree of dam-
age to winter wheat plants indicate an increase
in physiological and biochemical disorders in
plant tissues under the influence of the patho-
gen. This is consistent with the data by M. Dmo-
chowska-Boguta et al. (2021), who during the
study of the reaction of wheat to infection with
the causative agent of brown rust (Puccinia re-
condita) found that the infectious process is ac-
companied by activation of oxidative processes,
accumulation of reactive oxygen species, devel-
opment of necrotic reactions and violation of the
integrity of cellular structures. The researchers
also showed the key role of polyamine oxidase
in the development of a protective response of
plants and proved that the intensity of oxidative
stress directly depends on the degree of dis-
ease development. Therefore, an increase in the

electrical conductivity of membranes in this
study can be considered as one of the manifes-
tations of destabilisation of cellular structures
and an increase in the release of electrolytes
from cells in the context of the progression of
the pathological process.

In susceptible genotypes, physiological dis-
orders were significantly more pronounced than
in resistant forms. The revealed relationship be-
tween the degree of damage to the leaf appa-
ratus and the increase in tissue electrical con-
ductivity is consistent with the data of H. Yang
& P. Luo (2021), who noted that fungal patho-
gens cause destabilisation of cell membranes,
increased oxidative processes, and disruption of
the water regime of plants. The researchers have
proven that infection of wheat plants with path-
ogens is accompanied by a decrease in the con-
tent of chlorophyll, disruption of photosystems 1
and 2,a decrease in the intensity of photosynthe-
sis and transpiration. H. Yang & P. Luo concluded
that the parameters of photosynthetic activity
can serve as sensitive indicators of early detec-
tion of plant damage by pathogens and assess-
ment of their resistance.

Thus, the results of the study show that the
development of major diseases of winter wheat
is determined not only by the hydrothermal con-
ditions of the year, but also by the biological
characteristics of pathogens and the genotypic
specifics of varieties. The revealed differences
between resistant and susceptible forms con-
firm that the defeat of plants by fungal patho-
gens is not limited to external symptoms, but is
accompanied by deeper physiological changes,
in particular, a violation of the permeability of
cell membranes and an increase in the release
of electrolytes from cells. The most pronounced
increase in the electrical conductivity of tissues
in susceptible varieties with the development of
septoria leaf blotch, brown rust, powdery mildew,
and cercosporellous root rot gives grounds to
consider this indicator as an informative marker
of the functional state of plants and a potential
criterion for selecting stable breeding material.
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Conclusions
It was established that dry weather conditions
in the autumn period of recent years restrained
the development of major diseases of winter
wheat and reduced the level of pest infestation
of crops. 108 samples of ecological variety test-
ing and about 400 collectible samples of win-
ter wheat were evaluated on artificial infectious
backgrounds of the main pathogens. Among the
varieties of ecological variety testing, sources of
group resistance to the pathogen complex iden-
tified ‘Kolumbiia’, ‘Volodarka’, ‘Slavna’, ‘Dobirna’,
‘Epoha Odeska, Zhayvir, ‘Ekonomka’, ‘MIP Dni-
prianka, ‘MIP Yuvileyna’ ‘MIP Feyeriya’, and ‘MIP
Lada’ In the collection nursery,samples ‘Centu-
ry, ‘HBF 0140-19’, ‘Cerco 41, ‘Hadmers Leben’,
‘UH 755, ‘SO 83-1946, and ‘MV-Suveges’ were
isolated by group resistance (0-15.0% damage).
Immunity to Erysiphe graminis and Puccinia re-
condita samples of ‘Hadmers Leben’,'UH 755’,'SO
83-1946, and ‘MV-Suveges’ were found. Studies
of the physiological response of plants to path-
ogen damage have shown a direct relationship
between the degree of development of the dis-
ease and the level of electrical conductivity of
cell membranes. Damage to plants by powdery

Mukha et al.

more than twice compared to healthy plants.
A similar pattern was noted during the earing
period with the development of other studied
diseases. The maximum values of electrical con-
ductivity of cell membranes (98.8-100.0%) were
recorded in susceptible varieties ‘Donska Napiv-
karlykova’ and ‘Myronivska 10’ with the develop-
ment of septoria leaf blotch and brown rust up
to 50%. The lowest rate (8.4%) was observed in
immune plants in the absence of powdery mil-
dew damage in the autumn tillering phase.

The results obtained confirm the possibility
of using the electrical conductivity index of cell
membranes as a fast and informative physiolog-
ical marker for assessing the resistance of winter
wheat to major fungal diseases. Selected sources
of group resistance can be involved in breeding
programmes to create new varieties with complex
resistance to pathogens. Further research should
focus on elucidating the physiological and bio-
chemical mechanisms underlying disease resist-
ance and developing rapid methods for selecting
breeding material based on cell membrane per-
meability indicators.
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CenekuiviHa poboTa WoA0 BUSBNEHHS AyKepen CTIMKOCTI 34iMCHI0BANAcs 3a YMOB 3aCTOCYBAHHS LUTYYHOI
iHOKynauii 306yAHWMKaMM B MONbOBMX IHPEKUIAHMX PO3CafHMKax. 3 MeTow igeHTudikauii mxepen
CTIMKOCTI A0 OCHOBHMX 30YAHWMKIB XBOPO6 Yy KONEKLiMHOMY PO3CafHWMKY Ha LUTYYHWUX iHPEKLiMHUX
doHax 36ynHuKiB Septoria tritici, Puccinia recondita, Fusarium graminearum, Tilletia caries, Cercosporella
herpotrichoides Ta npoBokauiitHomy doHi Erysiphe graminis 6yno pocnigkeHo 6n13bko 400 KonekuifiHnx
3paskiB nweHuLi o3umoi Ta 108 HoMepiB ekonoriyHoro coptoBMnpobyBaHHs. Pe3ynbTatv focnigkeHs,
nposegeHnx Yy @asi OCIHHbOTO KYLLiHHSA, 3aCBiAYMAM, LLO YPaXKEHHS POCAMH GOPOLIHUCTOK POCOHD
BMK/IMKAE MOPYLIEHHA CTPYKTYPHO-DYHKLIOHANbHOMO CTaHy KNiTUHHUX MeMBpaH, WO CynpoBOAXKYETbCA
3POCTaHHAM €NeKTPOMpPOBIAHOCTI TKaHWH. 33 PiBHS ypaXKeHHs NIMCTKOBOI noBepxHi 30-50 % 3HauveHHs
LbOro NokasHuka 36inblwyBanocs 6inbl HiX y ABa pa3u NOPIBHAHO 3i 3L0POBMMU pocvHamu. Y dasi
KONOCIHHS YpaXXeHHS NpanopLeBOro MCTka GOPOLIHUCTOK POCOK 3YMOBJIHOBANO MOCUNEHUI BUXig,
€NneKTPONITIB i3 KNiTUH, 0COBNMBO Y reHOTUNIB i3 NiABULLEHO CNPUMHATAMBICTIO L0 NaToreHa. AHanoriyHa
33aKOHOMIpHICTb CnocTepiranaca 3a po3BUTKY CenTopiosy NMcTa Ta Oypoi ipxi. [pn ypaxeHHi pocauH
36yaHukoM Cercosporella herpotrichoides Takox BigMivYeHO NOCTYyNoBe MiABULLEHHS €NeKTPONpPOBiAHOCTI
KNITMHHUX MeMBpaH 3i 36iNbLWEHHSM CTYNeHsS po3BUTKY XBOPOOM. BCTaHOBNEHO NpsMY 3aNeXHICTb MixX
{HTEHCMBHICTIO YPaXXEHHS POCAMH Ta PiBHEM €NeKTPOMNpPOBIAHOCTI KNITUHHMX MeM6paH. MakcuManbHi
3HaYeHHs eneKTponpoOBIAHOCTI KNITMHHMX MeMbpaH (98,8-100,0 %) 6ynu 3adikcoBaHi y CNPUAHATAMBUX
copTiB ‘[loHCbKa HaniBKapNMKOBA’' (33 YpaxkeHHsl CENTOPio30M ncTs) Ta ‘MupoHiBcbka 10° (3a ypakeHHs
6ypoto ipxeto) y pasi KonociHHA 33 po3BuTKY xBopob 10 50 %, MiHiManbHWIA NOKa3HMK €NeKTPOnpoBIAHOCTI
(8,4 %) BigMiueHO B iIMYHHMX poCAMH Yy da3i OCIHHbOrO KYLLiHHA 33 MOBHOI BiACYTHOCTI YpPaXeHHS
6OpOLWHUCTO pocot. BuaBneHi 3aKOHOMIPHOCTI MiX CTyNneHeM YpaXXeHHS POCAMH MaToreHamu Ta
piBHEM €NeKTPONPOBILHOCTI TKAHUH MOXYTb BYTU BMKOPWUCTAHI B CENEKLiMHIN NpakTULi AN paHHbOro
no6opy CTINKMX FTeHOTUNIB

KnioyvoBi cnoBa: niwexunus 03uMma; Septoria tritici; 6ypa ipxa; 60pOoLWHUCTa poca; enekTponpoBigHicTb
TKAHWH; CTIMKiCTb 10 XBOPOO; cenekuinHmin nobip
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