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Abstract. Modern requirements for new apple varieties include not only high yield and improved fruit quality,
but also resistance to the most dangerous diseases, including bacterial canker caused by Erwinia amylovora. The
aim of this study was to evaluate the resistance of modern apple varieties common in Kyrgyzstan to the causative
agent of fire blight under artificial infection conditions. For the experiment, a pure culture of the phytopathogenic
bacterium E. amylovora (strain ZH-2) isolated from infected branches of the ‘Talgarka’ pear variety was used.
Infection was carried out in vitro by applying a bacterial suspension with a concentration of 10° CFU/ml to the
wound surfaces of shoots and leaves of two-year-old seedlings. The degree of damage was assessed visually 1,
6,12 and 30 days after inoculation on a five-point scale, taking into account the percentage of damaged tissue.
The results of the study showed significant differences in resistance between the eleven apple varieties studied.
The most resistant varieties were ‘Red Chief, ‘Bishkek’, and ‘Golden’, with damage levels ranging from 6.3 to 9.5%,
indicating strong defensive responses and low levels of necrosis symptoms. The ‘Fuji’ variety showed an average
level of susceptibility (about 16-18%), characterised by moderate damage to shoot tissues. The most susceptible
to infection were the varieties ‘ldared’ (48%), ‘Gala’ (43%) and ‘Ligolina’ (37%), which showed rapid development
of necrotic spots and wilting of shoots. The results obtained allow for identifying varieties that are promising
for further propagation and breeding work, resistant to bacterial burn, and also give an idea of the range of
susceptibility of modern apple varieties in the conditions of Kyrgyzstan
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The domestic apple tree (Malus domestica Borkh.) is  FAO (n.d.), annual global apple production exceeds
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(41.39 million tonnes), followed by the United States
and other countries. Kyrgyzstan ranks 45% in the world
in apple production: approximately 147,593 tonnes.
Therefore, controlling pests and diseases of apple trees
is crucial to ensuring crop stability, improving prod-
uct quality and expanding export potential. According
to R. Yuvarani et al. (2025), the development of inten-
sive horticulture, the introduction of disease-resistant
varieties, the use of modern plant protection methods
and the monitoring of the phytosanitary condition of
plantations can significantly reduce losses from dan-
gerous infections such as bacterial burn. At the same
time, strengthening the Kyrgyz Republic’s position in
the global fruit and vegetable market and meeting the
domestic market’s demand for high-quality fruit prod-
ucts is closely linked to the effective protection of ap-
ple orchards. Bacterial fire blight of fruit crops is one of
the most dangerous diseases of apple trees and other
plants of the Rosaceae family, caused by the bacterium
Erwinia amylovora. It is a quarantine disease and poses a
serious threat to fruit plantations (A¢imovic et al., 2023;
Moskalets et al., 2023). The disease causes necrosis of
all plant organs, leading to significant crop losses and
tree death. The main strategy for combating the disease
traditionally remains the destruction of infected trees,
treatment with copper-containing preparations and
other pesticides, and in some countries, the use of an-
tibiotic solutions. However, the widespread use of such
preparations causes the emergence of drug-resistant
bacteria. For example, a study by A. Jimenez Madrid &
M. Lewis lvey (2023) revealed the strain resistance of
E. amylovora to streptomycin and other antibiotics.

In the context of new developments in the field of
protecting apple trees from bacterial blight, the fol-
lowing areas are particularly relevant. Firstly, genotypic
and phenotypic assessment of the resistance of varie-
ties and rootstocks. G. Kairova et al. (2023a), based on
the results of a study of 59 apple varieties in Kazakh-
stan, found that in all genotypes studied, the markers of
resistance to E. amylovora (e.g.,AE10-375 and GE-8019)
were identical in all genotypes studied, indicating lim-
ited existing genetic variability for resistance. Similarly,
a study of 11 apple rootstocks in Kazakhstan revealed
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that the own-rooted rootstock lines G.41, G.16 and “62-
396" show the best resistance to fire blight (Kairova et
al.,2023b).Secondly, a study of the wild apple tree Malus
sieversii, the ancestral species of the domestic apple
tree, revealed the presence of genotypes with high re-
sistance to E. amylovora (Tegtmeier et al., 2025). Thirdly,
genomic and associative mapping of resistance to fire
blight allow the identification of key regions and genes.
R.Thapa et al. (2021) identified 23 and 38 quantitative
trait loci (QTLs) significantly associated with resistance
to shoot and flower blight, respectively. Finally, alter-
native environmentally friendly control approaches are
emerging: for example, the isolation and characterisa-
tion of three bacteriophages infecting E. amylovora as a
potential biological control agent (Hassan et al., 2023).
Thus, the relevance of the study lies in the need to as-
sess the resistance of modern apple varieties and root-
stocks to the bacterial blight pathogen E. amylovora in
the conditions of the Kyrgyz Republic, with the aim of
identifying the most promising ones for industrial and
amateur horticulture and their rapid introduction into
practice. In the context of climate change, increased in-
ternational trade and stricter quarantine requirements,
this approach is becoming particularly important.

The aim of this study was to assess the resistance of
modern apple varieties to the bacterial blight pathogen
(Erwinia amylovora) by conducting artificial infection of
plants and analysing the severity of external symptoms of
the disease in orderto identify the most resistant varieties
that are promising for cultivation in the Kyrgyz Republic.

Materials and Methods

Modern apple varieties (Malus domestica Borkh.), mainly
imported from other countries and widely used by gar-
deners planting trees on their plots in Kyrgyzstan, were
used as research objects. The selection of varieties
was based on their popularity and official recommen-
dations. The study was conducted at the experimental
stationary site of the Kyrgyz-Turkish Manas University,
Faculty of Agriculture (Bishkek, Kyrgyz Republic). For
the experiment, two-year-old seedlings of 11 different
apple varieties were planted in individual pots. A brief
description of the varieties is given in Table 1.

Table 1. Characteristics of apple varieties grown in the Kyrgyz Republic

Incl
No. Variety name Origin Brief description in the :,:a::i:gister
American American apple tree variety. Ripening period: autumn-winter; apple Introduced,
1 “Starkrimson’ selection  taste: sweet and sour; average weight: medium (100-200 g); fruit colour: regionalised in
(Genus Star | greenish-red, dark red; flesh colour: light yellow; transportability: good; Kyrgyzstan and
Delicious) frost resistance: weak; disease resistance: powdery mildew. registered in 1980
American American apple tree. Ripening period: autumn-winter; apple taste: Introduced
selection sweet; average weight: large (over 200 g); fruit colour: deep red; flesh: and regionalised
2 ‘Red Chief’ (Genus Red red-yellow, dense, medium juiciness; transportability: good; winter in Kyrgyzstan
Delicious) hardiness: high; drought resistance: average; disease resistance: good in 2015-2017,

resistance to powdery mildew, bacterial burn.

registered in 2019
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No. Variety name

3 ‘Bellefleur’

4 ‘Golden’

5 ‘Bishkek’

6 ‘Niedzwetzky’

7 ‘Idared’
8 ‘Ligolina’
9 ‘Early
Geneva’
10 ‘Gala’
11 ‘Fuji’

Origin Brief description

American apple tree variety. Ripening period: autumn; apple taste:
sweet and sour with a spicy note; average weight: medium-large (200 g);

'ien?:;fj: fruit colour: light yellow; flesh: white, juicy, fine-grained; transportability:
excellent; resistance to low temperatures: weak; disease resistance:
low, especially to scab.

. American apple tree variety. Ripening period: winter; taste: dessert,
American . . . . .
selection with a rich aroma.; a\{erage YVEIght: large (140-160 g); fru'lt colour: light
(‘Grimes green at the beg|.nn|ng gf ripening, then.gradually acqwres a golden-
Golden’ x \{ellovy coIouﬁ with a pvlnk t?lush appearing on the.s'unny side; flesh:

‘Golden white with a shght greenish tint, dense; transportability: e>v<cellent, long-
Reinet’) term preservation of marketable appearance; drought resistance: poor;

disease resistance: low resistance to brown spot and powdery mildew.
Apple tree of Kyrgyz selection. Ripening period: winter; taste: sweet and
sour with a strong aroma; average weight: large, uniform (140-170 g);
Kyrgyz fruit colour: light green, creamy white with a bright crimson blush; flesh:
selection | juicy, greenish-white; transportability: excellent, can be stored for a long
time in a cold room; disease resistance: increased resistance to scab,
powdery mildew, apple fruit moth, highly resistant to bacterial burn.
A rare species of apple tree (red, Chinese), endemic, is a valuable
material for breeding work to develop new varieties. I. Michurin used
this species to obtain the varieties ‘Red Bellefleur’, ‘Red Standard’, etc.
It grows in Kyrgyzstan (in the Chatkal Valley, in the Sary-Chelek Nature
Wild Reserve, in the Kara-Suu and Aflatun tracts, in the foothill forests of
Kara-Alma and Ak-Terek-Kaba). It is found in the mountain ecosystems
of Kazakhstan and Uzbekistan. It also grows in western China (Xinjiang
Western District). Fruit: spherical, purple-red; average weight: small,
below average; leaves: rounded-elongated, rich green-red colour.

American apple tree variety. Ripening period: winter or late winter.

Amerl_can On medium-sized rootstocks, trees begin bearing fruit in 5-6 years.
selection L - . . .
(‘Wagner’ x Regula.r.frun'.lng. The ad.vantages of t.h.|s varletY are high <.eco|og|ca|
. , adaptability, yield, and high marketability of fruit. Susceptible to scab
Jonathan’) .
and powdery mildew.
Polish apple tree variety. Late winter variety, high-yielding, resistant
Polish to scab and powdery mildew. Medium-sized trees. Fruits are above
selection average in size, cylindrical. The main colour is yellow-green, with a
blurred red blush covering almost the entire surface of the fruit.
The quality of the fruit does not change during storage.
American American apple tree variety. An early-ripening apple tree variety that
selection  differs from other varieties in its regular harvest, high yield and excellent
(‘Quinty’ x taste. The variety is very early-bearing (1 year after planting).
Julyred’) Resistant to scab and powdery mildew.
New
Zealand A late autumn apple variety bred in 1962 in New Zealand by breeder

selection J. Kidd as a result of crossing two varieties — ‘Golden Delicious’ x ‘Kidd’s
(‘Golden Orange Red’. The new variety quickly gained worldwide popularity (2"
Delicious’x | place in the world in terms of apple yield), and almost immediately after

‘Kidd’s its development, orchards were planted in the USA, Canada, Brazil
Orange and Europe.
Red’)
The variety was obtained by crossing two American apple varieties —
Japanese ‘Red Delicious’ and ‘Virginian Rale Janet’. It was first obtained at the
selection Japanese research station in Tohoku (Fujisaki village, Minamitsugaru
(‘Red district, Aomori prefecture) in the late 1930s and introduced to the

Delicious’x | market in 1962. Fuji apples are usually round and range in size from large
‘Virginian  to very large, with an average diameter of 75 mm. They contain 9 to 11%
Rale Janet’) sugar by weight and have firm, crisp flesh that tastes sweeter
than other varieties.

Source: compiled by the authors
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Table 1. Continued
Included
in the state register

Introduced
and regionalised
in Kyrgyzstan
in 1938-1940

Introduced
and regionalised
in Kyrgyzstan
in 1980-1982

Local variety, bred
in Kyrgyzstan
in 1990, registered
in 2018

Endemic

In Kyrgyzstan, it
was entered in the
register in 2006

Not registered
in the Kyrgyzstan
registry

Registered in the
Kyrgyzstan registry
in 2019

It was registered
in the Kyrgyzstan
registry in 2019

Registered in the
Kyrgyzstan registry
in 2025



The full cycle of the experiment was conducted
from early spring to the end of June 2025, which en-
sured an active phase of shoot and leaf growth for in-
oculation. During the adaptation phase, the plants were
kept without the use of fertilisers; only standard soil
substrate was used. Before infection, the plants were
examined, and all specimens with signs of other dis-
eases were excluded from the experiment. Ten seed-
lings were used from each variety. All experiments with
plants were conducted in strict accordance with the
principles of CBD (1992) and CITES (1973).

A pure culture of Erwinia amylovora bacteria was
used for artificial infection. Artificial inoculation was
carried out in late May - early June, after the appear-
ance of stable shoot growth and full physiological de-
velopment of the leaves. At the preliminary stage of
the study, pure cultures of the phytopathogenic bac-
terium Erwinia amylovora were isolated from various
infected branches and leaves of apple and pear trees.
A total of 18 strains were obtained, which were sub-
sequently tested for pathogenicity. The White test was
used to assess pathogenicity: immature apple fruits
were inoculated with a suspension of cells in phys-
iological solution at a concentration of 10° cells/ml
(OP,,,=1.0). Ten microlitres of the suspension were in-
jected into the fruit tissue using a sterile syringe, after
which the fruit was incubated in a humid chamber in
Petri dishes at a temperature of 25°C for 5 days. The
appearance of tissue necrosis and milky-white bacte-
rial exudate in the inoculation area was considered
a positive test result. Based on the test results, the
E. amylovora culture with the laboratory designation
ZH-2, isolated from infected branches of the ‘Talgarka’
pear variety collected in the Zheti-Oguz district of the
Issyk-Kul region, was selected for further experiments.
This strain was used for subsequent artificial infection
of apple seedlings (Fig. 1).

Figure 1. Laboratory strain ZH-2 - the causative agent
of bacterial blight Erwinia amylovora
Source: authors’ photo

To obtain biomass, the culture was grown at 27°C
for 24-36 hours on a solid Levan nutrient medium
with the following composition: yeast extract - 2 g,
peptone - 5 g,NaCl - 5 g, sucrose - 50 g,agar - 20 g. To
determine the number of live Erwinia amylovora cells,
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the colony-forming unit (CFU) counting method was
used on a nutrient medium. From a 24-hour liquid cul-
ture, a series of tenfold serial dilutions (from 10? to
10%) in sterile phosphate-buffered saline (PBS). From
each dilution, 0.1 ml of the suspension was seeded
onto the surface of Levan nutrient medium, evenly dis-
tributed with a sterile glass spatula, and incubated at
27°C for 48 hours. After incubation, the number of col-
onies grown on plates containing 30-300 colonies was
counted, and the number of CFU in 1 ml of the initial
suspension was calculated using formula (1):

ax1om
v

N =

: 1)

where N is the number of CFU/ml; a is the average
number of colonies per dish; 10" is the dilution factor;
Vis the inoculum volume, mL.

The concentration of the suspension for inoculation
was set at 10° CFU/mLl. After artificial infection of apple
seedlings and the appearance of characteristic symp-
toms of bacterial blight, leaf samples of equal weight
were taken from the affected plants. The samples ob-
tained were homogenised and sown on Levan medium
for the purpose of re-isolating E. amylovora bacteria and
determining the level of bacterial biomass on infect-
ed plants. The intensity of pathogen reproduction was
assessed based on the number of colonies that grew,
which made it possible to determine the degree of bac-
terial load on the seedlings after infection. To confirm
the presence of the pathogen in infected tissues, rapid
diagnostics were additionally performed using AgriS-
trip immunoassays (Bioreba, Switzerland), which allow
the detection of specific Erwinia amylovora antigens.
The positive reactions obtained served as preliminary
confirmation of infection before bacteriological isola-
tion on Levan’s medium.

After inoculation, the plants were kept for 30 days
under a protective canopy providing diffused natural
light and protection from direct precipitation. The av-
erage air temperature during the observation period
was 22-25°C, with relative humidity of 60-70%. To as-
sess the resistance of varieties to Erwinia amylovora, a
method of artificial infection of plants with a bacteri-
al culture suspension at a concentration of 10° cells/
ml was used. Artificial infection was carried out in vitro
on young actively growing shoots. A sterile scalpel was
used to create the wound. A small transverse incision
3-5 mm long was made on each shoot, located 5 mm
below the shoot apex. Small punctures were made on
the leaves near the central vein using a sterile injection
needle (diameter 0.6 mm). Ten to twenty microlitres of
E. amylovora bacterial suspension was applied to each
wound surface using a micropipette. The suspension
was evenly distributed over the wound area, ensuring
that it completely wetted the damaged area. Infection
was carried out on the shoots and leaves of the lower,
middle and upper tiers of each plant. Control plants were
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treated in a similar manner, but instead of the bacteri-
al suspension, a sterile buffer solution was applied. The
development of the infection was recorded visually 1, 6,
12 and 30 days after inoculation. The degree of damage
was determined on a five-point scale: 0 — no symptoms,
1 - damage to up to 25% of the shoot, 2 - damage to
26-50%, 3 - damage to 51-75%, 4 - damage to more
than 75% of the shoot or its death. The results obtained
were statistically processed using analysis of variance
(ANOVA) methods. The reliability of differences between
varieties was assessed using Duncan/Tukey’s test at a
significance level of p <0.05. All calculations were per-
formed using IBM SPSS Statistics software, version 26.0.

Results and Discussion

Bacterial blight of fruit crops, caused by the bacterium
Erwinia amylovora,is one of the most dangerous diseases
affecting apple trees and other members of the Rosace-
ae family. The disease leads to significant economic
losses, reduced yields, deterioration in fruit quality and,
in particularly severe cases, the death of trees. The first
signs of bacterial blight are darkening of inflorescenc-
es and young leaves, which turn brownish-black, as if
burnt. According to A. Pedroncelli & G. Puopolo (2024),
as the disease progresses, shoots wilt, gummosis oc-
curs, and branches and trunks are affected, often re-
sulting in the death of the tree. The disease spreads
mainly through pollinating insects, raindrops, wind, and
agricultural practices (EFSA PLH, 2014). Bacterial blight
was first recorded in North America, but over time the
disease spread to Europe, Asia, and Central Asian coun-
tries, including Kyrgyzstan (Wang et al., 2025). In the
Kyrgyz Republic, the development of the disease is fa-
cilitated by hot and humid weather during the apple
blossoming period, as well as insufficient phytosanitary
control. Agrotechnical, chemical and biological meth-
ods are used to combat bacterial blight. As noted by
R.Mendes et al. (2024), among agrotechnical measures,
sanitary pruning of affected branches, removal of plant
debris, disinfection of tools and ensuring optimal water
regime play an important role. Chemical protection in-
volves the use of copper-based preparations, antibiot-
ics (streptomycin), and bacteriophages, but their effec-
tiveness varies depending on climatic conditions and
the stage of infection development.

The most promising approach to combating fire
blight is to cultivate disease-resistant varieties. Vari-
eties with high resistance to Erwinia amylovora have
been identified worldwide, including Enterprise,
Florina, Liberty, and others. However, as noted by
B. Garcia-Fernandez et al. (2023), the adaptation of
these varieties to the conditions of Central Asia, in-
cluding Kyrgyzstan, requires further research. Modern
genotyping methods allow the identification of genes
for resistance to fire blight, such as the FB_MR5 gene,
which is associated with resistance to Erwinia amylo-
vora. Genomic technologies and molecular selection

contribute to the creation of new apple varieties with
improved resistance characteristics. Studying the re-
sistance of modern apple varieties to Erwinia amylovo-
ra bacterial blight is a pressing task, especially in the
Kyrgyz Republic, where horticulture plays a significant
role in the agricultural economy. Research in this area
will enable the introduction of varieties adapted to
local conditions, which will ensure stable production
and improve fruit quality. In Kyrgyzstan, fire blight ap-
peared around 2008-2009. According to T. Doolotkel-
dieva et al. (2021), the first signs were noticed in the
Chiy region, then spread to the Issyk-Kul region and
in subsequent years covered the entire republic, even
reaching wild forest areas. Figure 2 shows a tree in-
fected with bacterial blight.

== } y
> 2 L 4 7w 4
4 >

Figure 2. Bacterial blight (Erwinia amylovora) infection
of a ‘Talgarka’ pear tree

Note: sample collected during an expedition to the Issyk-Kul

region of the Kyrgyz Republic

Source: authors’ photo

In 2011, bacterial blight was registered as a quar-
antine disease by the Ministry of Water Resources, Ag-
riculture and Processing Industry of the Kyrgyz Repub-
lic. Employees of the Department of Plant Protection
and Quarantine surveyed more than 5,000 hectares of
fruit plantations, and it is now known that 37 genera
and 129 species of the Rosaceae family are affected:
these include pears, quince, apples, peaches, apricots,
raspberries, roses, persimmons, walnuts, etc. (Ministry of
Water Resources..., n.d.). Figure 3 shows the results of
a laboratory experiment to assess the damage to apple
fruit caused by bacterial canker, the causative agent of
which is the bacterium Erwinia amylovora. The bacteri-
um, penetrating through mechanical damage or natural
stomata, causes tissue necrosis and exudate secretion,
which is typical of bacterial canker. The presence of
exudate indicates the active phase of the disease and
a high level of infection. Fruits with less pronounced
symptoms are strains with low pathogenicity for infect-
ing plants with bacterial canker.

As shown in Figure 3, not all strains are capable
of causing disease. Petri dishes show that some of the
fruits contain pronounced signs of bacterial damage:
darkening of tissues, necrotic spots, exudate secretion
(whitish or yellowish drops of bacterial fluid), which is
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characteristic of Erwinia amylovora infection. In the dish-
es, however, some fruits show only superficial necrotic
spots without bacterial exudate, which may indicate a
weaker reaction of the strain. Thus, this experiment al-
lows for visual differentiation of the pathogenic strain,
which was subsequently selected for further experi-
ments to determine the experimental variants for the
resistance and susceptibility of seedlings of various

Konurbaeva et al.

apple varieties to the causative agent of bacterial blight.
To visually represent the differences in the response of
varieties to artificial inoculation, photographic moni-
toring of the manifestation of infection symptoms was
carried out throughout the experiment. Figure 4 shows
two-year-old seedlings of all studied apple varieties after
treatment with Erwinia amylovora suspension, demon-
strating characteristic manifestations of bacterial blight.

Figure 3. Manifestation of Erwinia amylovora pathogenicity on unripe apple fruits

Source: authors’ photo

Figure 4. Artificial infection of two-year-old apple seedlings with Erwinia amylovora,
the causative agent of fire blight
Note: a - ‘Starkrimson’ variety, b - ‘Red Chief, c - ‘Bellefleur, d - ‘Bishkek;, e - ‘Golden; f - ‘ldared’, g - ‘Niedzwetzky’, h - ‘Ligolina),
i - ‘Early Geneva,j - ‘Gala;, L - Fuji’
Source: authors’ photos
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Figure 4 shows the external manifestations of
infection in different varieties 30 days after inocula-
tion. It can be seen that susceptible varieties (‘Idared,
‘Gala’,‘Ligolina’) show pronounced blackening of young
shoots, drying of the tops and the appearance of ne-
crotic areas on the leaves. Moderately resistant varie-
ties (‘Starkrimson’, ‘Fuji’, ‘Early Geneva’) show localised
necrosis on leaf blades and partial wilting of shoots.

60
50
40
30
20
10

0

‘Idared’
‘Ligolina’
‘Gala’
‘Starkrimson’
'Early Geneva’

The most resistant varieties (‘Red Chief, ‘Bishkek,
‘Golden’), as well as the species ‘Niedzwetzky’, retain
their green leaf colour and minimal damage, limited to
isolated necrotic spots at the inoculation sites. Figure
4 reflects the visual differences in the degree of dam-
age to the studied genotypes and confirms the results
of the quantitative assessment. Figure 5 shows the av-
erage degree of damage to apple seedlings.

‘Fuji’
‘Golden’
‘Bellefleur’
‘Red Chief’
‘Bishkek’

‘Niedzwetzky’

Figure 5. Average degree of damage to apple seedlings by bacterial blight (%)

Source: compiled by the authors

As shown in Figure 5, the following results were
obtained after artificial infection over a period of one
month. The ‘ldared’ variety showed 48% damage to
seedlings from bacterial blight - a variety with a high
degree of damage. The variety itself is winter-hardy but
susceptible to disease. The ‘Gala’ variety had an average
infection rate of 43% - it is a popular variety with good
taste qualities, but has moderate resistance to various
diseases. The ‘Ligolina’ variety (37% infection rate) is
relatively vulnerable to infection compared to other va-
rieties. The ‘Starkrimson’ variety showed 21.1% damage
from bacterial blight over the course of a month - a
beautiful red variety that is moderately susceptible to
disease. The ‘Fuji’ variety (16.5%) is moderately resist-
ant. The ‘Early Geneva’ variety (18%) is an early variety
that is resistant to certain diseases. The ‘Bellefleur vari-
ety (10.1%) is an old variety with good shelf life and low
susceptibility to disease. The ‘Golden’ variety (9.5%) is a
famous yellow variety with high shelf life and resist-
ance. The ‘Bishkek’ variety (8.8%) is a local variety with
good adaptability and low susceptibility to disease. The

species ‘Niedzwetzky’ (7.5%) is a decorative apple tree
variety that is resistant to disease. The ‘Red Chief’ varie-
ty (6.3%) is one of the most moderately resistant varie-
ties and has high marketability. In addition, it has been
noted that the climatic conditions of Kyrgyzstan con-
tribute to the active spread of the disease. High temper-
atures and humidity during the growing season create
optimal conditions for infection, which requires a more
detailed study of the influence of climatic factors on
the development of the disease. The identified resist-
ant varieties, such as ‘Red Chief, ‘Bishkek’ and ‘Golden,
are of particular interest for further introduction into
production. Their use can significantly reduce crop loss-
es and reduce the need for chemical protection. Diag-
nostic and bacteriological studies were conducted to
confirm the presence of the bacterial blight pathogen
in infected tissues and to quantitatively assess the bac-
terial load. Figures 6 and 7 show the results of rapid di-
agnosis using an immunostrip test and the isolation of
Erwinia amylovora colony-forming units on a selective
nutrient medium.

Figure 6. Immunoassay strips for the detection of Erwinia amylovora bacteria

Source: authors’ photo
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Figure 7. Colony-forming unit of Erwinia amylovora bacteria on Levan’s nutrient medium

Source: authors’ photo

Figures 6 and 7 demonstrate laboratory confir-
mation of apple tree seedlings infected with Erwinia
amylovora, the causative agent of fire blight. Figure 6
shows a positive result of an immunoassay strip test,
which allows rapid detection of specific pathogen an-
tigens in the tissue samples under investigation. Fig-
ure 7 shows E. amylovora colonies grown on Levan’s
nutrient medium; the growth intensity and number of
colonies formed reflect differences in bacterial load
between samples of different varieties. The combina-
tion of visual diagnosis and bacteriological isolation
confirms both the fact of infection and the varying de-
grees of pathogen reproduction in the tissues of the

varieties, which is consistent with the data obtained on
the level of damage.

The results of bacteriological analysis showed the
presence of Erwinia amylovora bacteria in all analysed
samples. However, the number of CFU varied signif-
icantly depending on the degree of tissue damage.
The highest number of CFU was observed in severe-
ly affected samples, while in tissues with visually less
pronounced symptoms, the number of bacteria was sig-
nificantly lower (Table 2). The data obtained indicate
different susceptibility of seedlings to infection, which
may be due to their individual physiological character-
istics or resistance to the pathogen.

Table 2. Colony-forming unit of Erwinia amylovora bacteria

No. Name of varieties Erwinia amylovora CFU/ml
1 ‘Idared’ + 35.8*%10°
2 ‘Early Geneva’ + 19.3*10°
3 ‘Ligolina’ + 23.4*10°
4 ‘Starkrimson’ + 25.7*10°
5 ‘Red Chief’ + 21.3*10°
6 ‘Bellefleur’ + 9.3*10°
7 ‘Golden’ + 8.7*10°
8 ‘Bishkek’ + 12.2*10°
9 ‘Niedzwetzky’ + 26.1*10°
10 ‘Gala’ + 30.4*10°
11 ‘Fuji’ + 24.7*10°

Source: compiled by the authors

Table 2 presents data on the number of colo-
ny-forming units of Erwinia amylovora isolated from in-
fected tissues of various apple varieties after artificial
inoculation. It can be seen that the highest CFU values
are observed in highly susceptible varieties (‘ldared,
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‘Gala’, ‘Ligolina’), which corresponds to their high de-
gree of infection, while in resistant varieties (‘Gold-
en’, ‘Bishkek’, ‘Red Chief’) and in the ‘Bellefleur’ variety,
the number of pathogen cells isolated is significantly
lower. The data presented confirm the differences in
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bacterial load between varieties and are consistent
with visual assessments of resistance. Figure 8 pre-
sents summarised data from the quantitative analysis

400,000
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250,000
200,000
150,000
100,000

50,000

0

‘Idared’
‘Ligolina’

‘Early Geneva’
‘Starkrimson’

‘Red Chief’

of bacterial load, showing the comparative distribution
of Erwinia amylovora colony-forming units among the
apple varieties studied.

COE bacteria Erwinia amylovora, CFU/ml

‘Bellefleur’
‘Golden’
‘Bishkek’
‘Gala’
‘Fuji’

‘Niedzwetzky’

Figure 8. CFU of Erwinia amylovora bacteria

Source: compiled by the authors

The highest number of Erwinia amylovora bac-
teria cells was isolated from the affected tissue of
the ‘Idared’ variety - a total of 358,000 cells/ml. The
lowest number of cells was isolated from the affect-
ed tissues of the ‘Golden’ variety - 870,000 cells/mL.
An interesting feature is the high level of CFU in the

species ‘Niedzwetzky’, despite the low visual degree
of damage, which may indicate the role of the varie-
ty as a possible carrier or reservoir of bacteria in the
absence of pronounced symptoms. Table 3 shows the
results of multiple comparisons of the degree of dam-
age to apple fruit.

Table 3. Results of multiple comparisons of the degree of damage to apple fruit by bacterial blight

(Duncan/Tukey test, p<0.05)

Variety Average degree of damage (%) Duncan group
‘Idared’ 48 a
‘Ligolina’ 37 ab
‘Gala’ 43 ab
‘Starkrimson’ 21.1 bc
‘Early Geneva’ 16.5 bc
‘Fuji’ 18 bc
‘Golden’ 9.5 c
‘Niedzwetzky’ 7.5 c
‘Bellefleur’ 10.1 C
‘Red Chief’ 6.3 c
‘Bishkek’ 8.8 c

Note: mean values marked with the same letters are not statistically different from each other according to Duncan/Tukey

test (p>0.05)
Source: compiled by the authors

The results of the study demonstrate significant
differences in the resistance of modern apple varieties
to bacterial blight caused by Erwinia amylovora. The
‘Idared’ variety proved to be the most susceptible to the
disease, as confirmed by the high degree of infection
(48%). This may be due to its genetic predisposition to
infections, as well as insufficient resistance to patho-
gens, which is consistent with data on its susceptibility
to other diseases, such as scab and powdery mildew.
The ‘Ligolina’ and ‘Gala’ varieties also showed a rela-
tively high degree of damage, indicating the need for
further research to identify the factors contributing to
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their vulnerability. In contrast, the ‘Red Chief, ‘Golden,
‘Bishkek’varieties and the species ‘Niedzwetzky’ showed
a low degree of infection, making them promising for
cultivation in the Kyrgyz Republic. This is confirmed by
the data from multiple comparisons presented in Ta-
ble 2. The results of this study confirm significant dif-
ferences in the resistance of modern apple varieties
to bacterial canker caused by Erwinia amylovora. Sim-
ilar data were obtained in the work of H. Aldwinckle &
M. Malnoy (2009), which reports on the high resist-
ance of some apple varieties to fire blight due to the
presence of specific genetic markers. In particular, the
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species ‘Niedzwetzky’ and the varieties ‘Bishkek’ and
‘Golden’ showed a low degree of damage, which is con-
sistent with studies conducted in Central Asia and Eu-
rope. The high susceptibility of the ‘Idared’and ‘Gala’ va-
rieties confirms the findings of previous studies, which
noted that these varieties have insufficient resistance
to bacterial blight and require additional protective
measures (Emeriewen et al., 2021). This fact points to
the need for breeding programmes aimed at improving
the resistance of these varieties or finding alternative
options adapted to local conditions. To optimise breed-
ing programmes, it is critical to understand the molec-
ular genetic mechanisms underlying resistance. At the
molecular level, a study by S. Schropfer et al. (2021)
revealed the activation of genes involved in the for-
mation of flavonoids and terpenoids, as well as a heat
shock response in the susceptible response, indicating
specific defence mechanisms in apple trees.

The use of artificial infection in this study made it
possible to determine the degree of resistance of vari-
eties under controlled experimental conditions. Studies
have shown that commercial apple varieties have dif-
ferent levels of susceptibility to bacterial canker, and
assessing the resistance of varieties and rootstocks is
one of the key areas of research, which is also consist-
ent with the conclusions of S.Kostick et al.(2019). In ad-
dition, this study confirmed that genotypes of the wild
apple tree Malus sieversii can be a source of resistance,
as previously reported by J. Harshman et al. (2017). Wild
Malus species are of particular interest in breeding pro-
grammes, as they are sources of complex resistance not
only to bacterial canker. A comprehensive analysis of
Malus species for resistance to scab (V. inaequalis) and
ornamental value showed that wild and hybrid species,
in particular the berry apple, outperform the domestic
apple, confirming their value as sources of resistance
for breeding programmes (Moskalets et al., 2024). The
results obtained in the current study emphasise the
importance of breeding resistant varieties as the main
direction in the fight against bacterial blight, since
chemical control methods, including the use of copper-
and antibiotic-containing preparations, have limited ef-
fectiveness and can lead to the formation of resistant
strains of bacteria. Thus, this study confirms the impor-
tance of introducing resistant apple varieties into hor-
ticultural practice in Kyrgyzstan and other regions with
similar phytopathological problems.
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Conclusions

The study conducted a comprehensive assessment of
the resistance of modern apple varieties (Malus domes-
tica) to the bacterial blight pathogen (Erwinia amylovo-
ra) in the Kyrgyz Republic. Through artificial infection
with the phytopathogenic culture ZH-2, significant dif-
ferentiation of varieties in terms of their susceptibility
was established. The differences identified are critical
for optimising plant protection strategies in the region,
especially given the status of fire blight as a quarantine
disease. The most resistant varieties were ‘Red Chief,
‘Bishkek’ and ‘Golden’, with a degree of damage not
exceeding 9.5% (while the susceptible variety ‘Idared’
suffered damage of up to 48%). These varieties, as well
as the wild species ‘Niedzwetzky’, which showed a low
percentage of damage, are the most promising for in-
troduction into commercial and amateur horticulture in
Kyrgyzstan. They can serve as a basis for creating sus-
tainable orchards and reducing dependence on chemi-
cal control methods, including antibiotics, to which the
pathogen is developing resistance. In contrast, the vari-
eties ‘Idared, ‘Gala’ and ‘Ligolina’ showed high or moder-
ate susceptibility, requiring additional protective meas-
ures, including the use of more resistant rootstocks,
when growing them.

Further research should focus on a more in-depth
study of the molecular and physiological mechanisms
of resistance in highly resistant varieties (e.g., ‘Bishkek’
and ‘Red Chief’). This includes molecular genetic analy-
sis to identify QTL loci and genes responsible for resist-
ance to E. amylovora, which will accelerate the breeding
process. It is also relevant to screen a larger sample of
local wild Malus (in particular, Malus sieversii) as poten-
tial sources of new resistance genes for cross-breeding.
Finally, it is advisable to conduct field trials of selected
resistant varieties in different soil and climatic zones of
Kyrgyzstan to confirm their ecological adaptability and
commercial value in the long term.
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3amaH6an anMa copTTopyHYH Erwinia amylovora 6aktepuangbik
KYMYK KO3roryuyHa TypyKTyynyryH 6aanoo
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KeH>ke MnrMMmnim Kblamakep
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AHHoTaums. AIMaHbIH XaHbl COPTTOPYHa KOJIraH 3aMaHban TananTtapra koropky TyLUYMAYYYK MEHEH MEMBHYH
canaTbliH XaKWbIPTYy raHa 3Mec, OWOHAOM 3/1e 3H KOPKYHYYTyy oopynapra, aHblH uuuHae Erwinia amylovora
H6aKkTepusCbl KO3roroH bakTepuanablk KyMyKKe TypyKTyynyK Aa Kupet. byn nsnngeeHyH makcatsl Kbiprbi3ctaHaa
KEHMpU TapanraH 3aMaHban anma COPTTOPYHYH GaKTepuanAblk KYMYKTYH KO3roryyyHa TypyKTYYayryH acanma
XYry3yy lwapTbiHga 6aanoo 6ongy. DKCnepuMeHT yuyH Tanrapka’ anMypyT COpTyHa TaaHAblK >abblpkaraH
6yTakTapnaH 6enyHyn anbiHraH utonatoreHamnk E. amylovora 6akTepusCbiHbIH Ta3a (ZH-2) WwTaMMbl KOALOHYNAY.
Xyrysyy in vitro bIKMacbl MEHeH >XYPry3yaym, 3KM XalwTarbl KeueTrepayH Oyuyp >kaHa anbbipak betTepuHe
10° KOE/Mn KoHUeHTpauusaaarbl 6akTepus CycneH3uscbl xapakaTTanraH xxepnepre cyptynay. XyrysraHaaH KuimH
1, 6, 12 xaHa 30-kyHAepy abblpKOOHYH AEHI331M KbIMbINCI3 (BU3yanabik) Typae bew 6annmbik Wwkana 6owHYa,
abblpKaraH TKaHA4APAbIH MaibI3bIH 3CKE anyy MeHEH aHbIKTanabl. MI3MnaeeHyH XblibIHTbIKTapbl KapairaH oH up
asiMa CopTy apacbiHAa TYPYKTYYIYKTYH ONYTTYY aiiblpMaybliblKTapbiH KOPCOTTY. JH TYPYKTYy COPTTOp KaTapbl ‘Peq
Und’, ‘buwkek’ xaHa ‘TonaeH GenruneHunn, anapabiH )abblpkoo AeHr33an 6,3-9,5 %am Ty3yn, ecyMayKTepayH
KOProHyy peakUMsNapblHbiH KYUYTYY 3KEHWH XaHa HeKpo3 DeNnrunepuHuH Havyap eHYKKeHYH aHbikTangbl. OpTouo
TYPYKTYYNyK ‘®@ynxu’ coptyHaa (16-18 %) 6aiikanbin, 6y4yp TKaHAaPbIHbIH 6Mp a3 XKabblpKallbl MEHEH MYHE346/14Y.
JH Hauap TYpyKTyynyKkka 33 6onroH copTrop ‘Aitfapen’ (48 %), Tana’ (43 %) xaHa Jlaronuua’ (37 %) 6onyn, 6yn
COpPTTOPAO HEeKPO3AYK TaKTapAblH Te3 eHYIyLWY aHa byyypnepayH conywy Katrandbl. ANbIHIAH XblIAbIHTbIKTAP
H6akTepuanabiK KyWyKKe TYpyKTyy copTTopay KebenTyyane xaHa cenekumsanbik MWTepae KongoHyyra MyMKYHUYIYK
6epun, owoHAon 3ne Kbiprbi3cTaH wWwapTbiHAA 3amaHban anMa COpTTOPYHYH oopynapra 60AroH TypyKTyynyk
[Mana3oHy XeHyH4e MaanbimMat bepeT

Herunsru cespep: acanMa >Xyrysyy; >abblpkoo Japaxacbl; duTonaToreHauK 6GakTepuanap; TKaHLAPAbIH
HeKpo3y; in vitro
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AHHoTaumsa. CoBpeMeHHble TpebOBaHUS K HOBbIM COpPTaM 16/10HM BK/HOYAKOT He TOIbKO BbICOKYH YPOXKaMHOCTb
M yNydylleHHOe KayecTBO MNMOLOB, HO M YCTOWYMBOCTb K Hambonee omacHbiM 3aboneBaHusM, B TOM 4yucie K
H6aKTepuanbHOMY OXOry, Bbi3biBaeMoMy Erwinia amylovora. Lenblo paHHOro uccnepoBaHus Obina oueHKa
YCTOMYMBOCTM COBPEMEHHbBIX COPTOB 16/10HM, pacnpocTpaHeHHbix B Kbiprbi3cTaHe, k BO36yautento 6aktepuanbHOro
0XOra npu UCKYCCTBEHHOM 3apaxkeHuW. [ng 3KcnepuMeHTa MCMOMb30BaNM YUCTYIO KynbTypy dUTONaTOreHHon
6aktepuun E. amylovora (wutamMm ZH-2), BbIAENEHHYIO U3 NMOPaXXEHHbIX BETBEN rpylin copTta Talgarka’. 3apaxeHue
NpOBOAMAM METOLOM in Vitro, HAHOCA CycneH3unio bakTepuit ¢ koHueHTpauwnei 109 KOE/mMn Ha paHeBble NOBEPXHOCTH
noberos M NUCTbEB ABYXJETHUX CaxeHueB. OueHKy CTeENeHM NopaxeHus NPOBOAMAN BM3yanbHO Yepes 1, 6, 12 u
30 gHeV nocie MHOKYAsSUMM No NAaTMOaNIbHOM LIKane, y4uTbIBalOLWEN NPOLEHT NOPaXXeHHOW TKaHW. PesynbTatsl
nccnenoBaHUs NOKasanu 3HaUYUTENbHbIE PA3IMUMA B YCTOMUMBOCTM MEXAY M3Yy4aeMbIMU OAMHHAALATHIO COpTaMu
a6noHun. Hanbonee yctoiumebiMu okasanuch copta Red Chief’, ‘Bishkek’ n ‘Golden’, y KOTopbiX ypoBeHb NOpaxeHus
cocTtaBun oT 6,3 00 9,5 %, 4To CBMAETENLCTBYET O BbIPAXKEHHbIX 3aLMTHbBIX peakumMsaxX pacTeHWI U HU3KOM CTeneHu
pa3BUTUS CMMNTOMOB Hekpo3a. CpefHWit ypoBeHb BOCMPUMMUMBOCTM Mposisun copT ‘Fuji’ (okono 16-18 %),
XapaKTepU3YOLWMIACS YMEPEHHbIM MOpaXkeHneM TKaHel noberoB. Hanbonee 4yBCTBUTENBHBIMKM K MHOEKLUM
okaszanuch copta ‘Idared’ (48 %), ‘Gala’ (43 %) u ‘Ligolina’ (37 %), y KoTopbix HabnLanock GbICTpOE pa3BUTUE
HEeKPOTUYECKMX NATEH U yBAAaHWe noberos. MNonyyeHHble pe3ynbTaTbl MO3BONSIOT BblAEUTb NEPCNEKTUBHbIE AN
[anbHeWLWero pasMHOXEHUS U CeNeKLMOHHOM paboTbl COpTa, YCTOMUYMBBIE K BaKTEpUANbHOMY OXOTY, @ TaKXe AalT
npencTaBneHne o0 AuManasoHe BOCMPUMMYMBOCTM COBPEMEHHbIX COPTOB 516/10HM B yc10BuMAX Kbiprbi3cTaHa

KntoueBble c/ioBa: MCKYCCTBEHHOE 3apaXKeHue; CTeNeHb NoOPaXXeHus; GUTONaToreHHble 6akTepum; HEKPO3 TKaHew;
in vitro
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