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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.

Keywords: apple, 4. alternata, leaf and fruit lesions, fruit rot, resistance, disease severity, disease
incidence

For citation: G.N. Kairova, S.B. Korabayeva, E.S. Ismagulova, S.N. Almakhanova, S.T. (2026).
Assessment of apple cultivar resistance to Alternaria alternata under natural epiphytotic conditions in
southeastern Kazakhstan // I3nenictep, HoTmxkenep — MccnenoBanus, pesyasrarsl. Vol. 28. Is. 1. Number 109.
Pp.229-238 [In Eng.]. https://doi.org/10.37884/1-2026/22

Conflict of interest: The authors declare no conflict of interest.



Acknowledgements: The study was conducted within the framework of the Scientific and Technical
Program BR22884599, “Development of new fruit, berry, and grape cultivars with specified traits and the

elaboration of region-specific technologies for high-productivity orchards using modern methodological ap-
proaches”.

YATTbIK FblIbIM
AKALEMUSACHI

I’'H. Kaiiposa', C.b. Kopaoaesa'", 3.C. Hcmazynosa?, C.H. Anomaxanosa’
'Kazak »eMic-KOKeHiC IapyanbuIbIFbl FUTBIMH-3epTTey HHCTUTYTHI JKIIC, Anmatsl, Kazakcran;
’Kaszak ynTThIK arpapislk 3eprrey yauepcuteTi KeAK, Anmarel, Kasakcras.
E-mail: korabayeva_saule@mail.ru

KA3BAKCTAHHBIH OHTYCTIK-IIBII' BICBIHAAT'BI TABUT'Y DJITUOPUTOTUA
JKAFJIAUBIHJIA AJIMA COPTTAPBIHBIH ALTERNARIA ALTERNATA-FA TO3IMILIITTH
BATAJIAY

Kaiipoa I'ymmapuss HypcanmaeBna, KP ¥AFA akagemwuri, aypul ImapyanibUIbIFBl FBUIBIMIAPBIHBIH
KaHJIUAThl, KaybIMIACThIpbUIFaH mpodeccop, «Kazak yATTBIK arpapiblK 3epTrrey yHuBepcuteTi» KeAK,
050010, Kazakcran, Ainmatel, AGali JaHFBUIBL, 8

E-mail: gulshariya.kairova@kaznaru.edu.kz; https://orcid.org/0000-0001-5445-7127,

Kopa6aeBa CayJie beneataeBHa, aybul mapyanibUIbIFbl FEUIBIMIAPBIHBIH Maructpi, «Kazak sxkemic-kokoHIC
mapyambuibiFbl FeUTBIMU-3epTTey MHCTHTYTh JKIIC, Kazakcran, 050060, Anmatel, ['arapun naHfbUIbI,
238/5

E-mail: korabayeva_saule@mail.ru; https://orcid.org/0000-0002-0716-760X;

HcmarynoBa dabmupa CoBeroBHa, Ph.D kanmunar, «Kazak YATTBIK arpapiiblK 3€pTTEy YHHUBEPCUTETI»
KeAK, Kazakcran, 050010, Anmarsl, AOaif TaHFBLIBI, 8

E-mail: elmira.ism93@gmail.com; https://orcid.org/0000-0001-8041-1819;

AuabmaxanoBa Capa HypaanoBHa, Ph.D nokropant, «Ka3zak yiITTBIK arpapiblK 3epTT€y YHUBEPCHTETI»
KeAK, Kazakcran, 050010, Anmarel, AGail TaHFBLIBI, 8

E-mail: mailto:almahans@mail.ru; https://orcid.org/0000-0001-7013-8724.

AunHoTanus. Alternaria alternata anva aramsiabiH (Malus domestica Borkh.) eH keH TapanraH jxoHe
SKOHOMMKAJIBIK TYPFbIIAH MaHBI3/IbI MaToreHaepiHiy Oipi Oosbin TaObuiaabl. O sKanblpakTap MEH KeMi-
CTepIiH 3aKbIMJIaHYbIHA, COHJAM-aK KEeMICTepAiH IIKi mipyine okeneni. bys aypy eHepKocinTiK aiMa ©H-
TipiciHe eneylni Kayiln TeHIIpiNn, eHIMAUTIKTIH TeMEHIeyiHe KOHE KeMiC CalachlHBIH HallapiayblHa ceben
6onazapl. Kazakcrannarsl anmma OakTapbiHia OyJl MaTOTeHHIH KEH TapaliFaHblHA KapamMacTaH, ajMa COPTTaphl-
HBIH A. alternata-ra Te3IMALIIrT Typajbsl MamiMeTTep mmekreyni. OcbiFan 0alIaHbICThl OCBI (PUTOMATOTEHIe
COpTTapblH TO3IMALIITIH Oaranay aypyFra Te31M/JIl )KaHa COPTTapbl LIBIFAPY JKOHE TYPAKTHI aIiMa eHAIPICIH
JIAMBITY YIIIH MaHbI3/1bl 00JbIN TaObLIa bl byl 3epTTeyne OTaHIbIK XKoHE MIETENIIK CeIeKIUAFa )KaTaThlH 23
ajMa COpPTHIHBIH A. alternata-ra te3zimainiri KazakcTaHHBIH OHTYCTIK-IIBIFBIC aiMaFbIH/Ia TAOUFHU ATTUPUTO-
THUSUIBIK JKaf/laiiiap/ia ekl BereTalusblK MaycbiM 00ibl 3epTTeni. 3epTTey HOTHKECIHAE COPTTap apachlHIa
aypyablH JaMy JieHreill OolbIHIIA aliKbIH albIpMaIIbUIBIKTAp aHBIKTAJIbl XKOHE CENEKLUSUIBIK OaraapiaMa-
Jlap MEH OHIpICcTIK O6ay-0aKiia mapyanbUIbIFbIHIA KOJIIaHyFa MepCreKTHBabl OipHeme Te3imai copttap (R)
AHBIKTAJIBI. AJIBIHFaH HOTHXKeJep OOMBIHINA, OHBIH IIIiH/IE OTAH/IBIK CEJICKIIMSIMEH IIBIFAPbUIFaH YII COPTTHI
KOoca aliFaHja, Ceri3 ajiMa COpThl TO31M1 TomnKa (aypyasiH namy neHreii 0—10 %) »aTKeI3bUIAbI, al OH O0ec
copt oprama te3imai Torka (10-30 %) enrizinai. 3epTTey KYpri3iireH xaraaiaapaa ce3iMTaIIbIFbI JKOFapbI
COpTTap aHBIKTAJIFAH JKOK.

Tyiiin ce3nep: anma, A. Alternata, *Kanplpak TEH KEeMIC 3aKbIMJIaHYbI, JKEMIC MIIpIri, TOIJIMILIIK,
aypyIblH J1aMy JA9pEKeci, aypyIbIH Taparybl
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AunHoOTanus. Alternaria alternata ctana ogHUM U3 HaOOJIEEe MIUPOKO PACTIPOCTPAHEHHBIX U IKOHO-
MUYECKHU 3HAUUMBIX IMaTOTeHOB s10510HU (Malus domestica Borkh.), Bb13pIBaro1ias mopakeHue JUCTHEB U TIIO-
JI0B, a TaK’)K€ BHYTPEHHIOIO THUJIb TU10/10B. J[aHHOE 3a00seBaHe NPEACTABISAET CEPbE3HYIO YIPO3y s IPO-
MBIIUIEHHOTO MPOU3BOJICTBA SOJIOK, MPUBOS K CHIDKCHHUIO YPOXKAWMHOCTH M YXYAIICHHIO Ka4eCTBa IUIOZOB.
HecmoTtpst Ha mmpokoe pacipocTpaHeHHe 3TOro MaToreHa B si0J10HeBbIX cagax Kazaxcrana, nHpopmanus oo
YCTOMYMBOCTH OTEUECTBEHHBIX U MHTPOMYLIMPOBAHHBIX COPTOB SIONOHM K A. alternata ocTaércsi OorpaHU4eH-
HOMW. B cBsI3M ¢ 3THM OIleHKa YCTOHYMBOCTH COPTOB K IaHHOMY (PUTOMATOreHy UMEEeT BaKHOE 3HAYECHUE IS
CEJIEKLIMU YCTOMUMBBIX K 3a00JI€BaHUAM COPTOB U Pa3BUTUS YCTOWYMBOTO MPOU3BOACTBA 510710K. B HacTos-
IIEM UCCJIEIOBAHUU H3y4anach YCTOMUYUBOCTH 23 COPTOB sI0JIOHU OTEUECTBEHHOTO U 3apyO0eKHOTO IMTPOUCXOXK-
neHust K A. alternata B ycnoBHsIX €CTECTBEHHON AMU(PUTOTHH Ha 10ro-BocToke KazaxcraHna B TedeHHE ABYX
BEreTallMOHHBIX CE30HOB. BrisBiena uétkas auddepeHuanis copToB 1Mo CTENEHU pa3BUTHUS 3a00JIeBaHUS,
a TaK)Ke ONpeiesIeHbl HECKOJIbKO YCTOMUYMBBIX cOpPTOB (R), mpeacTaBisitommx NOTEHIUAIbHYIO HEHHOCTD IS
CEJIEKIIMOHHBIX MPOrpaMM U MPOMBILIUIEHHOTO ca1oBoAcTBa. COIIacHO MOJYyYEHHBIM pe3yibTaTaM, BOCEMb
COPTOB 0JIOHH, BKJIIOYasi TPU COpPTa OTEUECTBEHHON CENEeKIMH, ObIM OTHECEHBI K yCTONUMBOM Tpyniie (pas-
ButHe 6onesznu 0—10 %), Torna Kak mATHAALATH COPTOB OBUTH KIaCCU(UIIMPOBAHBI KAK YMEPEHHO YCTOHYH-
Bble (10-30 %). Copra, oTHOCAIIMECS K BOCIPUMMYNBOM TPYIIIE, B YCIOBUIX JAHHOTO MCCIIEA0BAaHUS BbISB-
TIeHBI HEe ObLIH.

KuroueBble ciioBa: si0110Hs, A. alternata, nopaxxeHus TUCTHEB U TUIOIOB, TUIOI0BAsI THUIIb, YCTOMYH-
BOCTb, CTETIEHb Pa3BUTHUS O0JIE3HU, PACIPOCTPAHEHHOCTh OOJIE3HH.

Jos uuruposanusi: I'.H. Kauposa, C.b. Kopabaesa, 2.C. Ucmarynosa, C.H. AnpmaxaHoBa, (2026).
OrneHka yCTOWYMBOCTU COPTOB sIONOHU K alternaria alternata B yCIOBHUSX €CTECTBEHHOHN SMUGUTOTUU HA
roro-poctoke Kazaxcrana // [3nenicrep, Hotmwkenep — MccnenoBanus, pe3ynbrarel. Vol. 28. Is. 1. Number 109.
Pp. 229-238 [In Eng.]. https://doi.org/10.37884/1-2026/22

KondukT uHTEpecoB: aBTOPHI 3asBISAIOT 00 OTCYTCTBUH KOH(DINKTAa HHTEPECOB.

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, 4. 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 MdAWRKY 75e.
Overexpression of MdAWRKY 75e markedly enhances resistance to 4. 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 4. 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 Alfernaria 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 20242025 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 x 100) / N, (1)

where 7 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 (%) = (X(a x b) x 100) / (N x K), (2)

where DSI is the disease severity index (%); Z(a x 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 LSDo.o0s 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 4. 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

Czech cultivar obtained in 1984 from a cross between ‘Vanda’ and | https://www.orangepippin.com/variet-

Red Topaz ‘Rubin’ ies/apples/topaz

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

Dutch cultivar; a mutation of ‘Red Jonaprince’ characterized by

Wilton St: . . .
tton Star intense red fruit coloration.

https://minnetonkaorchards.com/pino-
va-apple-tree/

Pinova German cultivar derived from ‘Golden Delicious’ x ‘Clivia’.
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Developed by the International Plant Research Institute, Wagenin- | https://www.orangepippin.com/variet-
Santana .
gen, the Netherlands. ies/apples/santana
L. C o , . ., . https://www.freshplaza.com/
Deljons Hybru’i involving ‘Pini Res’, ‘Delbard Florina’, and ‘Stark Jon- northamerica/article/9156688/over-
gimes’. .
view-global-apple-market/
SQ 159 Long-storage apple cultivar suitable for organic production; devel- | https://www.fruit-inform.com/ru/tech-
oped by PRI Wageningen (Netherlands). nology/experience/175413
Promising cultivar developed by the Kazakh Research Institute Izbasarov D.S.,
. of Fruit and Vegetable Growing (KazNIIPiV); obtained from .
Kamila ‘Golden Delicious’ x ‘Aport’; submitted for state variety testing Nurtazina N.Yu.,
in 2015. Zotova N.I.
Cultivar of KazNIIPiV breeding; included in the State Register of Madenov E.D.,
Talgarskoye .
Kazakhstan in 2004. Nurtazina N.Yu
Maksat Cultivar of KazNIIPiV breeding; included in the State Register of | Nurmuratov T., Madenov E.D., Nur-
Kazakhstan in 2011. tazina N.Yu.
. Cultivar of KazNIIPiV breeding; included in the State Register of Madenov E.D.,
Ainur .
Kazakhstan in 2011. Nurtazina N.Yu
Promising cultivar of KazNIIPiV breeding; hybrid ‘Sinap Almat- Vinovets A.D.,
Zaman inskiy’ x ‘Aport’; submitted for state testing in 2007
Y port; g : Ostarkova L.V.
Dauren Cultivar of KazNIIPiV breeding; hybrid ‘Sinap Almatinskiy’ x Nurtazina N.Yu.,
‘Fantaziya’; included in the State Register of Kazakhstan in 2023. | otova N.L
Voskhod Winter cultivar of KazNIIPiV breeding; included in the State Nurmuratov T., Madenov E.D., Nur-
Register of Kazakhstan in 2011. tazina N.Yu.
Prima American cultivar derived from M. floribunda 821 x (‘Welsey’, thﬁ)slg//m::iar?::;nr%lglr;?rh(ixi;?;/_
‘Melba’, ‘Rome Beauty’, ‘Golden Delicious’ and derivatives). . ppies’p pp
mation.htm
Grann Granny Smith is a green apple variety developed in Australia in https://azagrofruit.com/ru/ap-
Smi thy 1868. It was named after Maria Ann Smith, who grew it from a ple-varieties/granny-smith/?utm_
chance seedling. source=chatgpt.com
Jonagold Developed in the USA (Geneva Experimental Station) from https://sortoved.ru/yablonya/
& ‘Golden Delicious’ x ‘Jonathan’. sort-yabloni-dzhonagold.html
Red . Belgian clone of “Jonagold’. https:/{newenglandapples.org/apples/
Jonaprince jonaprince/
New Zealand cultivar obtained in 1952 from open pollination of https://vaw.gardenfocp sed.co.uk/
Braeburn . o fruitarticles/apples/variety-bracburn.
Lady Hamilton’.
php
Idared Hybrid ‘Jonathan’ x ‘“Wagener’; first cultivated in Idaho, USA; https://pomiferous.com/applebyname/
included in the State Register of Kazakhstan in 1998. idared-id-2002
Aport Old cultivar of Russian origin; originator not registered; included | https://specialtyproduce.com/produce/
P in the State Register of Kazakhstan in 1965. Aport_Apples 18315.php
New Zealand cultivar derived from ‘Golden Delicious’ x ‘Kidd’s httos://rennicorchards.com/eala-ap-
Gala Orange Red’; included in the State Register of Kazakhstan in tps: ' & P
ple-tree/
2011.
Renet Crimean-origin cultivar; originator: Nikitsky Botanical Garden . .
Burkhata (Ukraine); included in the State Register of Kazakhstan in 1965. hitps://rastisad.ru/sort/688
Starkrimson g:ﬁ{nl fggé self-sterile; included in the State Register of Kazakh- http://surl.li/hrfcb

Results and discussion.
A survey of apple orchards in southeastern Kazakhstan showed that 4. 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 A4. alternata.

Fig. 1. Symptoms of core rot in apple fruits and lesions caused by 4. 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 Relaj[i\./e Precipitation | Saturation deficit Wind speed
temperature (°C) humidity (%) | (mm) (hPa) (m s

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

2024 July 24.05 49.60 48.20 16.90 291
August 24.14 45.50 23.30 18.30 3.14
September | 14.69 53.50 37.60 8.99 2.92
April 14.37 54.70 53.80 8.51 3.10
May 19.37 49.97 66.60 12.93 3.06

5005 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 11.91 291

The development of 4. 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 + 1.24° MR
Wilton Star 50 22.33 13.23 17.78 £ 1.56* MR
Zaman 30 11.66 7.43 9.55 +0.94¢ R
Santana 35 13.30 8.36 10.83 £ 1.02b MR
Granny Smith 31 10.73 7.50 9.11 +£0.85¢ R
Idared 43 14.30 9.26 11.78 £ 1.100 MR
Kamila 67 20.43 13.33 16.88 + 1.452 MR
Renet Burkhata | 50 16.70 10.86 13.78 + 1.21° MR
Maksat 36 11.93 7.26 9.60 £ 0.91¢ R
Ainur 55 16.46 11.06 13.76 + 1.20° MR
SQ 159 40 14.33 9.76 12.05 £ 1.08° MR
Voskhod 61 18.90 12.73 15.81 £ 1.342 MR
Dauren 43 16.93 11.13 14.03 £1.19° MR
Braeburn 54 12.30 8.86 10.58 £0.97b MR
Deljons 30 12.06 8.23 10.15 £ 0.93b¢ MR
Jonagold 35 10.96 7.80 9.38 +£0.88¢ R
Red Jonaprince | 21 8.73 5.60 7.16 +0.724 R
Pinova 44 13.40 9.40 11.40 £ 1.01° MR
Prima 31 11.23 8.23 9.73 £ 0.90¢ R
Aport 40 15.50 10.73 13.11 £ 1.17° MR
Gala 30 9.83 6.76 8.30+0.81¢ R
Talgarskoye 21 12.50 7.33 9.91 £0.92¢ R
Starkrimson 40 14.73 9.76 12.25 +1.09° MR
LSDo.os = 3.02 LSDo.os =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 4. 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 4. 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 LSDo.os
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 4. 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 4. 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 1s widely distributed in apple orchards of southeastern Kazakhstan, causing yield losses
and deterioration of fruit market quality. The incidence and severity of 4. 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 4. 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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Kaupoea I'ynuapus Hypcanaesna — KoHyenmyanuzayus uccied08anus, pykogoocmseo pabomotl, HAnuUCanue u pedaKxmuposanue mekcmd.
Kopabaesa Cayne Bedenbaesna —nposederue 3KCnepumMennos, pecypcrHoe obecnedenue.

Hcmazynosa Inemupa Cogemosna — ananuz OaHHbIX, UHMEPRPeMayls pe3yibmamos, No020mosKa mekcma cmambsu.

Ansmaxanosa Capa Hypnanosna — npogeoenue sKkcnepumenmos, coop OaHHbIX, nepeuinas 0opadomxa pe3yismamos.
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