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Abstract. Alternaria alternata has become one of the most widespread and economically important 
pathogens of apple (Malus domestica Borkh.), causing leaf and fruit lesions as well as internal fruit rot in 
apples. The disease poses a serious threat to commercial apple production, leading to yield losses and deteri-
oration of fruit quality. Despite the widespread occurrence of this pathogen in apple orchards of Kazakhstan, 
information on the resistance of domestic and introduced apple cultivars to A. alternata remains limited. 
Therefore, assessing cultivar resistance to this phytopathogen is essential for breeding disease-resistant culti-
vars and improving the sustainability of apple production. This study investigated the resistance of 23 apple 
cultivars of domestic and foreign origin to A. alternata under natural epiphytotic conditions in southeastern 
Kazakhstan during two growing seasons. A clear differentiation among cultivars in disease severity was re-
vealed, and several resistant cultivars (R) with potential value for breeding programs and commercial apple 
production were identified. According to the results, eight apple cultivars, including three developed by do-
mestic breeding programs, were classified as resistant (disease severity ranging from 0–10 %), whereas fifteen 
cultivars were classified as the moderately resistant group (10–30 %). No susceptible cultivars were identified 
under the conditions of this study.
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incidence
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Аннотация. Alternaria alternata алма ағашының (Malus domestica Borkh.) ең кең таралған және 
экономикалық тұрғыдан маңызды патогендерінің бірі болып табылады. Ол жапырақтар мен жемі-
стердің зақымдануына, сондай-ақ жемістердің ішкі шіруіне әкеледі. Бұл ауру өнеркәсіптік алма өн-
дірісіне елеулі қауіп төндіріп, өнімділіктің төмендеуіне және жеміс сапасының нашарлауына себеп 
болады. Қазақстандағы алма бақтарында бұл патогеннің кең таралғанына қарамастан, алма сорттары-
ның A. alternata-ға төзімділігі туралы мәліметтер шектеулі. Осыған байланысты осы фитопатогенге 
сорттардың төзімділігін бағалау ауруға төзімді жаңа сорттарды шығару және тұрақты алма өндірісін 
дамыту үшін маңызды болып табылады. Бұл зерттеуде отандық және шетелдік селекцияға жататын 23 
алма сортының A. alternata-ға төзімділігі Қазақстанның оңтүстік-шығыс аймағында табиғи эпифито-
тиялық жағдайларда екі вегетациялық маусым бойы зерттелді. Зерттеу нәтижесінде сорттар арасында 
аурудың даму деңгейі бойынша айқын айырмашылықтар анықталды және селекциялық бағдарлама-
лар мен өндірістік бау-бақша шаруашылығында қолдануға перспективалы бірнеше төзімді сорттар (R) 
анықталды. Алынған нәтижелер бойынша, оның ішінде отандық селекциямен шығарылған үш сортты 
қоса алғанда, сегіз алма сорты төзімді топқа (аурудың даму деңгейі 0–10 %) жатқызылды, ал он бес 
сорт орташа төзімді топқа (10–30 %) енгізілді. Зерттеу жүргізілген жағдайларда сезімталдығы жоғары 
сорттар анықталған жоқ.

Түйін сөздер: алма, A. Alternata, жапырақ пен жеміс зақымдануы, жеміс шірігі, төзімділік, 
аурудың даму дәрежесі, аурудың таралуы
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Аннотация. Alternaria alternata стала одним из наиболее широко распространённых и эконо-
мически значимых патогенов яблони (Malus domestica Borkh.), вызывающая поражение листьев и пло-
дов, а также внутреннюю гниль плодов. Данное заболевание представляет серьёзную угрозу для про-
мышленного производства яблок, приводя к снижению урожайности и ухудшению качества плодов. 
Несмотря на широкое распространение этого патогена в яблоневых садах Казахстана, информация об 
устойчивости отечественных и интродуцированных сортов яблони к A. alternata остаётся ограничен-
ной. В связи с этим оценка устойчивости сортов к данному фитопатогену имеет важное значение для 
селекции устойчивых к заболеваниям сортов и развития устойчивого производства яблок. В настоя-
щем исследовании изучалась устойчивость 23 сортов яблони отечественного и зарубежного происхож-
дения к A. alternata в условиях естественной эпифитотии на юго-востоке Казахстана в течение двух 
вегетационных сезонов. Выявлена чёткая дифференциация сортов по степени развития заболевания, 
а также определены несколько устойчивых сортов (R), представляющих потенциальную ценность для 
селекционных программ и промышленного садоводства. Согласно полученным результатам, восемь 
сортов яблони, включая три сорта отечественной селекции, были отнесены к устойчивой группе (раз-
витие болезни 0–10 %), тогда как пятнадцать сортов были классифицированы как умеренно устойчи-
вые (10–30 %). Сорта, относящиеся к восприимчивой группе, в условиях данного исследования выяв-
лены не были.

Ключевые слова: яблоня, A. alternata, поражения листьев и плодов, плодовая гниль, устойчи-
вость, степень развития болезни, распространённость болезни.
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Introduction.
Apple (Malus domestica Borkh.) is one of the most widely cultivated fruit crops worldwide and plays 

an important role in ensuring food security and the sustainability of agricultural production [Cao et al., 2024]. 
However, apple orchards are affected by numerous fungal diseases that reduce yield and deteriorate fruit qual-
ity. Among them, diseases caused by Alternaria species have become increasingly important in many 
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apple-growing regions. A. alternata has been identified as one of the main pathogens responsible for apple 
diseases in several countries. For example, in Shaanxi Province (China), A. alternata is one of the major caus-
al agents of apple black spot disease [Ding et al., 2024]. In California (USA), symptoms of leaf blotch and 
fruit spot have been reported in commercial orchards where A. alternata and A. arborescens were identified 
as causal pathogens. These fungi infect apple leaves and fruits, causing necrotic lesions, fruit spots, rot, and 
internal fruit disorders. During disease outbreaks, up to 30% of leaves and less than 1% of fruits are affected, 
demonstrating the significant potential impact of Alternaria diseases on apple production [Elfar et al., 2023].

In other regions, Alternaria species are also associated with serious apple diseases. In Russia, partic-
ularly in the Krasnodar region, A. alternata has been reported as one of the major pathogens causing apple 
core rot. Climate change and rising temperatures have contributed to the activation and spread of Alternaria 
species, some of which have acquired facultative or obligate parasitic traits on agricultural crops, including 
apple [Astapchuk et al., 2021]. Similarly, A. alternata has been identified in Israel as the predominant patho-
gen associated with moldy core and core rot of apple fruits, particularly in the cultivar ‘Red Delicious’. This 
disease is characterized by the development of brown necrotic tissue in the seed cavity and fruit mesocarp and 
often remains undetected until the fruit is cut open [Shtienberg, 2012].

Alternaria blotch caused by the A. alternata apple pathotype is considered one of the most destructive 
fungal diseases of apple, particularly in East Asia. The pathogen infects leaves, young shoots, and fruits, caus-
ing necrotic lesions that may result in severe defoliation (up to 60–80 %) and premature fruit drop, leading to 
significant economic losses [Li et al., 2019; Zhu et al., 2017]. Apple cultivars differ considerably in suscepti-
bility to this pathogen, and identifying resistant cultivars is regarded as one of the most effective strategies for 
disease management and breeding resistant apple varieties.

Recent studies have also investigated the molecular mechanisms underlying apple resistance to A. al-
ternata. Several defense-related genes have been identified, including the transcription factor MdWRKY75e. 
Overexpression of MdWRKY75e markedly enhances resistance to A. alternata, whereas silencing of this gene 
increases plant susceptibility to the pathogen, indicating its positive regulatory role in apple defense respons-
es [Hou et al., 2021]. In addition, studies evaluating apple germplasm have revealed considerable variation 
in resistance levels among cultivars. For instance, several cultivars such as ‘Freedom’, ‘Orlovim’, ‘Liberty’, 
‘Redfree’, ‘Florina’, and ‘Antonovka’ showed no visible symptoms after inoculation and were classified as 
resistant [Abe et al., 2010]. Similarly, transcriptomic analyses comparing resistant (‘Hanfu’) and susceptible 
(‘Golden Delicious’) cultivars have provided new insights into the genetic basis of resistance to the A. alter-
nata apple pathotype [Liu et al., 2024].

Despite numerous studies on Alternaria diseases of apple, information on the resistance of many apple 
cultivars remains limited in several apple-growing regions, including Kazakhstan. Therefore, evaluation of 
cultivar resistance to A. alternata under natural infection conditions is important for breeding programs and 
the development of effective disease management strategies.

In Kazakhstan, studies on diseases caused by fungi of the genus Alternaria have mainly focused on nut 
crops [Kairova et al., 2024; Ismagulova et al., 2025], whereas information on the resistance of apple cultivars 
to A. alternata remains limited. The insufficient investigation of this issue complicates the development of 
scientifically based plant protection strategies for apple orchards.

In global practice, the use of resistant cultivars is considered one of the most environmentally sustain-
able and economically efficient approaches to protecting fruit crops from diseases [Madhu et al., 2020]. The 
development of sustainable agroecosystems requires selecting genotypes adapted to regional soil and climatic 
conditions and possessing genetically determined resistance to pathogens.

Therefore, studying apple cultivar resistance to A. alternata is an important scientific and practical 
objective. The aim of the present study was to evaluate the resistance of apple cultivars to A. alternata under 
natural epiphytotic conditions in southeastern Kazakhstan and to identify resistant and tolerant genotypes 
promising for breeding programs and commercial cultivation.

Materials and methods.
The study was conducted during 2024–2025 at the collection plots of the Talgar branch of the Kazakh 

Research Institute for Fruit and Vegetable Growing, LLP (Almaty region, southeastern Kazakhstan). The ex-
perimental material included 23 apple cultivars (Malus domestica Borkh.), including 16 introduced cultivars 
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and 7 domestically bred cultivars. Each cultivar was represented by four trees of uniform age, which served as 
biological replicates (n = 4). Thus, a total of 92 trees were included in the experiment.

Disease assessments were conducted three times during each growing season. Disease incidence (DI) 
was determined for each tree by counting the number of infected leaves and was calculated using the following 
formula:

                                                    DI (%) = (n × 100) / N,                                                      (1)

where n is the number of infected leaves and N is the total number of examined leaves.
Disease severity (DSI) was visually assessed at the peak of disease development (July–August) using 

a three-class scale based on the percentage of necrotic leaf area [Li et al., 2019]:
1 score - 0–10% (resistant, R)
2 score - 10–30% (moderately resistant, MR)
3 score - 30–100% (susceptible, S)
To estimate disease development intensity, 100 leaves were collected from each tree (25 leaves from 

each cardinal direction of the middle crown), resulting in 400 leaves examined per cultivar at each assessment. 
The DSI was calculated for each tree using the following formula [Cabrefiga et al., 2023]:

                                        DSI (%) = (Σ(a × b) × 100) / (N × K),                                          (2)

where DSI is the disease severity index (%); Σ(a × b) is the sum of the products of the number of leaves 
in each severity class (a) and the corresponding score (b); N is the total number of examined leaves (infected 
and healthy); and K is the maximum score of the assessment scale.

Assessments were performed three times during the growing season. For each tree, the DSI was calcu-
lated for each assessment date, and the seasonal mean DSI was obtained by averaging the three observations. 
The seasonal mean DSI per tree was used for statistical analysis. The data were subjected to one-way analysis 
of variance (ANOVA), with cultivar as the main factor. The analysis was performed separately for 2024 and 
2025 using seasonal mean DSI values, with four trees per cultivar as biological replicates (n = 4). Differences 
between means were assessed using the least significant difference (LSD) test at P ≤ 0.05. The LSD₀.₀₅ values 
were calculated separately for each year.

To identify the causal agent, infected leaf fragments were surface-sterilized and plated onto potato 
dextrose agar (PDA). The plates were incubated at 25 °C for fungal growth. Identification of the pathogen was 
initially based on colony morphology and conidial characteristics according to standard mycological manuals 
[Ding et al., 2024].

To confirm the identity of the fungus, genomic DNA was extracted from pure cultures, and PCR ampli-
fication of the ITS region was performed using the universal primers ITS1 and ITS4. The obtained sequences 
were compared with reference sequences in the NCBI GenBank database using the BLAST algorithm, con-
firming the pathogen as A. alternata.

Pathogenicity of the isolates was evaluated by artificial inoculation of detached apple fruits. Healthy 
mature apples were surface-sterilized with 75% ethanol for 2 min and rinsed twice with sterile water. A 
5-mm-diameter mycelial plug taken from the margin of a 5-day-old culture grown on PDA was placed into 
a wound made on the fruit surface with a sterile needle. The inoculated fruits were incubated at 25 °C under 
high-humidity conditions. Disease development was assessed by measuring the lesion diameter on the fruit 
surface. Fruits inoculated with sterile PDA plugs served as negative controls [Ding et al., 2024]. The pathogen 
was subsequently re-isolated from symptomatic tissues and compared with the original isolate, thereby fulfill-
ing Koch’s postulates.

Table 1. Origin and characteristics of introduced and domestic apple cultivars
Cultivar Description Source

Red Topaz Czech cultivar obtained in 1984 from a cross between ‘Vanda’ and 
‘Rubin’

https://www.orangepippin.com/variet-
ies/apples/topaz

Wilton Star Dutch cultivar; a mutation of ‘Red Jonaprince’ characterized by 
intense red fruit coloration.

https://www.carolustrees.com/en/
product/wiltons-star-red-jonaprince-
select-2/

Pinova German cultivar derived from ‘Golden Delicious’ × ‘Clivia’. https://minnetonkaorchards.com/pino-
va-apple-tree/
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Santana Developed by the International Plant Research Institute, Wagenin-
gen, the Netherlands.

https://www.orangepippin.com/variet-
ies/apples/santana

Deljons Hybrid involving ‘Pini Res’, ‘Delbard Florina’, and ‘Stark Jon-
gimes’.

https://www.freshplaza.com/
northamerica/article/9156688/over-
view-global-apple-market/

SQ 159 Long-storage apple cultivar suitable for organic production; devel-
oped by PRI Wageningen (Netherlands).

https://www.fruit-inform.com/ru/tech-
nology/experience/175413

Kamila

Promising cultivar developed by the Kazakh Research Institute 
of Fruit and Vegetable Growing (KazNIIPiV); obtained from 
‘Golden Delicious’ × ‘Aport’; submitted for state variety testing 
in 2015.

Izbasarov D.S.,

Nurtazina N.Yu.,

Zotova N.I.

Talgarskoye Cultivar of KazNIIPiV breeding; included in the State Register of 
Kazakhstan in 2004.

Madenov E.D.,

Nurtazina N.Yu.

Maksat Cultivar of KazNIIPiV breeding; included in the State Register of 
Kazakhstan in 2011.

Nurmuratov T., Madenov E.D., Nur-
tazina N.Yu.

Ainur Cultivar of KazNIIPiV breeding; included in the State Register of 
Kazakhstan in 2011.

Madenov E.D.,

Nurtazina N.Yu.

Zaman Promising cultivar of KazNIIPiV breeding; hybrid ‘Sinap Almat-
inskiy’ × ‘Aport’; submitted for state testing in 2007.

Vinovets A.D.,

Ostarkova L.V.

Dauren Cultivar of KazNIIPiV breeding; hybrid ‘Sinap Almatinskiy’ × 
‘Fantaziya’; included in the State Register of Kazakhstan in 2023.

Nurtazina N.Yu.,

Zotova N.I.

Voskhod Winter cultivar of KazNIIPiV breeding; included in the State 
Register of Kazakhstan in 2011.

Nurmuratov T., Madenov E.D., Nur-
tazina N.Yu.

Prima American cultivar derived from M. floribunda 821 × (‘Welsey’, 
‘Melba’, ‘Rome Beauty’, ‘Golden Delicious’ and derivatives).

https://www.gardeningknowhow.com/
edible/fruits/apples/prima-apple-infor-
mation.htm

Granny 
Smith

Granny Smith is a green apple variety developed in Australia in 
1868. It was named after Maria Ann Smith, who grew it from a 
chance seedling.

https://azagrofruit.com/ru/ap-
ple-varieties/granny-smith/?utm_
source=chatgpt.com

Jonagold Developed in the USA (Geneva Experimental Station) from 
‘Golden Delicious’ × ‘Jonathan’.

https://sortoved.ru/yablonya/
sort-yabloni-dzhonagold.html

Red 
Jonaprince Belgian clone of ‘Jonagold’. https://newenglandapples.org/apples/

jonaprince/

Braeburn New Zealand cultivar obtained in 1952 from open pollination of 
‘Lady Hamilton’.

https://www.gardenfocused.co.uk/
fruitarticles/apples/variety-braeburn.
php

Idared Hybrid ‘Jonathan’ × ‘Wagener’; first cultivated in Idaho, USA; 
included in the State Register of Kazakhstan in 1998.

https://pomiferous.com/applebyname/
idared-id-2002

Aport Old cultivar of Russian origin; originator not registered; included 
in the State Register of Kazakhstan in 1965.

https://specialtyproduce.com/produce/
Aport_Apples_18315.php

Gala
New Zealand cultivar derived from ‘Golden Delicious’ × ‘Kidd’s 
Orange Red’; included in the State Register of Kazakhstan in 
2011.

https://rennieorchards.com/gala-ap-
ple-tree/

Renet 
Burkhata

Crimean-origin cultivar; originator: Nikitsky Botanical Garden 
(Ukraine); included in the State Register of Kazakhstan in 1965. https://rastisad.ru/sort/688

Starkrimson USA, 1870; self-sterile; included in the State Register of Kazakh-
stan in 1988. http://surl.li/hrfcb

Results and discussion.
A survey of apple orchards in southeastern Kazakhstan showed that A. alternata was widely distributed 

under warm and relatively humid climatic conditions. The disease affected leaves, fruits, and shoots of apple 
trees, resulting in reduced photosynthetic capacity, deterioration of fruit market quality and organoleptic prop-
erties, and reduced storage life.

On leaves, symptoms appeared as small circular or angular brown necrotic lesions usually surrounded 
by a dark margin. As the disease progressed, the lesions enlarged and sometimes coalesced, resulting in exten-
sive necrosis of leaf tissues and leading to premature leaf desiccation and abscission.

On fruits, the disease manifested as small dark spots, often localized around lenticels or near the calyx. 
In some cases, infection resulted in the development of core rot (Figure 1). This type of infection often devel
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oped latently without pronounced external symptoms, while the internal tissues gradually decayed, ultimately 
resulting in a complete loss of the fruit’s commercial value. The pathogen was isolated from infected fruit 
tissues and identified based on colony morphology, conidial characteristics, and PCR analysis, confirming its 
identity as A. alternata.

Fig. 1. Symptoms of core rot in apple fruits and lesions caused by A. alternata on apple leaves (Talgar branch of the Kazakh Research Institute 
for Fruit and Vegetable Growing, Almaty region, southeastern Kazakhstan, 2024–2025).

To assess the influence of climatic factors on the development of A. alternata, meteorological con-
ditions in the study region were analyzed for the period 2024–2025. Meteorological data obtained from the 
Talgar district weather station (Almaty region) are presented in Table 2.

Table 2. Agroclimatic indicators during the growing season (April–September) according to data from 
the Talgar meteorological station, Almaty region (2024–2025)

Year Month Mean air 
temperature (°C)

Relative 
humidity (%)

Precipitation 
(mm)

Saturation deficit 
(hPa)

Wind speed 

(m s⁻¹)

2024

April 11.43 67.20 82.80 5.05 3.07
May 16.70 65.00 113.10 7.74 2.95
June 22.85 46.10 9.90 16.43 3.11
July 24.05 49.60 48.20 16.90 2.91
August 24.14 45.50 23.30 18.30 3.14
September 14.69 53.50 37.60 8.99 2.92

2025

April 14.37 54.70 53.80 8.51 3.10
May 19.37 49.97 66.60 12.93 3.06
June 24.04 42.83 7.50 18.61 3.23
July 25.75 35.06 4.40 23.46 3.05
August 23.41 38.26 15.60 19.41 3.47
September 17.61 47.93 61.40 11.91 2.91

The development of A. alternata on apple is closely related to meteorological conditions, particularly 
air temperature, relative humidity, precipitation, and the duration of leaf surface wetness. The presence of free 
moisture on plant surfaces (dew, fog, or rainfall) is essential for conidial germination and subsequent infection 
of plant tissues.

Analysis of agroclimatic indicators for April–September 2024–2025 revealed notable differences in 
environmental conditions that affect disease development. In 2024, the growing season was characterized by 
higher precipitation (average 52.5 mm) and higher relative humidity (54.5%) compared with 2025, while the 
saturation deficit was lower (12.2 hPa). Such conditions favored pathogen infection and disease progression. 
As a result, the average level of disease development during the growing season reached 39.5 %.

In contrast, the 2025 growing season was relatively drier. Average precipitation decreased to 34.9 mm, 
relative humidity declined to 44.8 %, and the saturation deficit increased to 15.8 hPa. Under these conditions, 
disease development was lower, with the seasonal mean reaching 31.2 %.

Correlation analysis between disease development and the main meteorological parameters revealed a 
positive relationship with relative humidity (r = 0.40) and precipitation (r = 0.15). Negative correlations were 
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observed with air temperature (r = −0.35), saturation deficit (r = −0.43), and wind speed (r=−0.48). These 
results indicate that increased atmospheric moisture promotes the development of A. alternata, whereas drier 
and windier conditions limit pathogen development and disease spread.

Overall, the results suggest that the epiphytotic development of apple disease caused by A. alternata is 
primarily determined by atmospheric moisture conditions during the growing season. Increased precipitation 
and humidity create favorable conditions for pathogen infection, whereas reduced humidity and increased 
saturation deficit suppress disease development.

The disease incidence (DI) of Alternaria disease among apple cultivars in the collection orchards of 
the Talgar branch of the Kazakh Research Institute for Fruit and Vegetable Growing LLP and the experimental 
farm “Agrouniversity” of the Kazakh National Agrarian Research University during 2024–2025 ranged from 
16 to 67 %, with disease severity index (DSI) varying from 7.16 to 17.78 % (Table 3).

Table 3. DI and DSI of A. alternata in apple cultivars under the conditions of southeastern Kazakhstan 
(2024–2025)

Apple cultivar DI (%) DSI (%), 2024 DSI (%), 2025 Mean DSI (%) ± SE Resistance category
Red Topaz 45 16.13 10.60 13.36 ± 1.24ᵇ MR
Wilton Star 50 22.33 13.23 17.78 ± 1.56ᵃ MR
Zaman 30 11.66 7.43 9.55 ± 0.94ᶜ R
Santana 35 13.30 8.36 10.83 ± 1.02ᵇᶜ MR
Granny Smith 31 10.73 7.50 9.11 ± 0.85ᶜ R
Idared 43 14.30 9.26 11.78 ± 1.10ᵇ MR
Kamila 67 20.43 13.33 16.88 ± 1.45ᵃ MR
Renet Burkhata 50 16.70 10.86 13.78 ± 1.21ᵇ MR
Maksat 36 11.93 7.26 9.60 ± 0.91ᶜ R
Ainur 55 16.46 11.06 13.76 ± 1.20ᵇ MR
SQ 159 40 14.33 9.76 12.05 ± 1.08ᵇ MR
Voskhod 61 18.90 12.73 15.81 ± 1.34ᵃ MR
Dauren 43 16.93 11.13 14.03 ± 1.19ᵇ MR
Braeburn 54 12.30 8.86 10.58 ± 0.97ᵇᶜ MR
Deljons 30 12.06 8.23 10.15 ± 0.93ᵇᶜ MR
Jonagold 35 10.96 7.80 9.38 ± 0.88ᶜ R
Red Jonaprince 21 8.73 5.60 7.16 ± 0.72ᵈ R
Pinova 44 13.40 9.40 11.40 ± 1.01ᵇ MR
Prima 31 11.23 8.23 9.73 ± 0.90ᶜ R
Aport 40 15.50 10.73 13.11 ± 1.17ᵇ MR
Gala 30 9.83 6.76 8.30 ± 0.81ᶜ R
Talgarskoye 21 12.50 7.33 9.91 ± 0.92ᶜ R
Starkrimson 40 14.73 9.76 12.25 ± 1.09ᵇ MR

LSD₀.₀₅ = 3.02 LSD₀.₀₅ = 2.11

Note: Values represent mean ± standard error (SE) (n=4). 
Different letters indicate statistically significant differences among cultivars for mean DSI values at P ≤ 0.05 
according to the LSD test. Resistance categories were defined as R (0–10 %), MR (10–30 %), and S (>30 %).

Analysis of the experimental data obtained in 2024–2025 revealed clear differentiation among apple 
cultivars in terms of disease incidence and severity of A. alternata under the conditions of southeastern Ka-
zakhstan. The cultivar Wilton Star showed the highest disease severity (17.78 %), whereas Red Jonaprince 
exhibited the lowest level of infection (7.16 %) (Table 3). In all studied cultivars, higher infection levels were 
recorded in 2024 compared with 2025, which may be explained by more favorable weather conditions for 
pathogen development during that season.

The group of cultivars classified as resistant (R) to A. alternata (disease severity 0–10 %) included 
Zaman, Granny Smith, Maksat, Jonagold, Red Jonaprince, Prima, Gala, and Talgarskoye. The mean disease 
severity in these cultivars during 2024–2025 ranged from 7.16 % to 9.91 %, indicating low symptom expres
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sion and limited necrotic lesion development on leaves.
The largest group included cultivars with moderate resistance (MR) to A. alternata (10–30%), includ-

ing Red Topaz, Wilton Star, Santana, SQ 159, Kamila, Renet Burkhata, Ainur, Voskhod, Dauren, Idared, Del-
jons, Braeburn, Aport, Pinova, and Starkrimson. The mean disease severity in this group varied from 10.15 % 
to 17.78 %, indicating moderate development of disease symptoms. No cultivars with disease severity above 
30 % (susceptible category) were identified under the conditions of this study, indicating the absence of highly 
susceptible genotypes among the evaluated cultivars.

The higher disease severity observed in 2024 was associated with the combination of optimal tempera-
tures and elevated relative humidity, particularly in July, whereas in 2025, reduced precipitation and lower 
humidity limited active pathogen development. Importantly, cultivar-specific differences in resistance were 
maintained in both years, highlighting the significant role of genetic factors. Overall, the results indicate that 
the majority of the studied apple cultivars under the conditions of southeastern Kazakhstan exhibit resistant or 
moderately resistant reactions to A. alternata. Resistant cultivars are of particular practical interest for breed-
ing programs and commercial apple production aimed at reducing chemical inputs and enhancing orchard 
sustainability.

Differences among cultivars in disease severity in 2024 and 2025 in several cases exceeded the LSD₀.₀₅ 
values (3.02 % and 2.11 %, respectively), indicating statistically significant differences at P ≤ 0.05.

The results obtained in the present study are consistent with previous international studies evaluating 
the resistance of apple cultivars to Alternaria blotch caused by A. alternata. Several cultivars have been report-
ed to possess natural resistance to the pathogen. For example, the cultivar ‘Prima’ was classified as resistant 
based on field surveys and detached-leaf inoculation tests in a study evaluating 110 apple cultivars from the 
USDA germplasm collection [Li et al., 2019]. Similarly, genome-wide association analysis conducted in Chi-
na showed that ‘Royal Gala’ exhibited resistance to A. alternata f. sp. mali, whereas ‘Idared’ and ‘Braeburn’ 
demonstrated moderate resistance [Chu et al., 2022]. Field evaluations performed under natural epiphytotic 
conditions in India also identified resistant cultivars such as ‘Gale Gala’ [Chauhan et al., 2025]. In addition, 
earlier reports indicated that resistance to Alternaria blotch varies among apple cultivars, and several cultivars, 
including ‘Gala’, ‘Honey Gold’, and ‘Mollie’s Delicious’, have been described as resistant to Alternaria mali 
[EPPO, 1997]. Overall, these findings confirm that the results obtained in the present study are in agreement 
with previously published data on the resistance of apple cultivars to Alternaria leaf blotch.

Thus, published data support the presence of relative resistance in Granny Smith, Gala, and Prima. It 
should be emphasized that cultivars of domestic breeding (Zaman, Maksat, and Talgarskoye) also demonstrat-
ed increased resistance, highlighting the potential of local genetic resources for breeding programs aimed at 
developing sustainable and resilient agroecosystems.

Conclusions.
A. alternata is widely distributed in apple orchards of southeastern Kazakhstan, causing yield losses 

and deterioration of fruit market quality. The incidence and severity of A. alternata varied depending on apple 
cultivar and year-to-year meteorological conditions. Higher levels of disease development were observed in 
2024 compared with 2025, which was associated with more favorable climatic conditions for pathogen de-
velopment, particularly higher precipitation and relative humidity. Several cultivars were identified as resis-
tant (R) to A. alternata (disease severity 0–10 %), including foreign cultivars Granny Smith, Jonagold, Red 
Jonaprince, Prima, and Gala, as well as domestic cultivars Zaman, Maksat, and Talgarskoye. The differences 
between these cultivars and more susceptible genotypes were statistically significant according to the LSD test 
(P ≤ 0.05). The identified resistant and moderately resistant cultivars are of practical importance and can be 
recommended for breeding programs and commercial apple production aimed at reducing chemical treatments 
and improving orchard sustainability. The results may also serve as a basis for developing regional recommen-
dations for apple cultivar selection under the conditions of southeastern Kazakhstan.
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