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ABSTRACT

This study provides a morphological description of Cyfospora spp. isolates collected from apple tree branches affected by
Cytospora canker. Cytospora canker is a globally widespread disease caused by highly aggressive pathogens that induce cankers
in woody plants within both natural and agro-ecosystems. In severe cases, cankers can lead to the dieback of branches and trees.
This article presents the first report of Cytospora sorbina and Cytospora parasitica species identified in intensive apple orchards
of Almaty region, Kazakhstan. Notably, the species composition, as well as the morphological and genetic characteristics of
Cytospora spp. pathogens causing Cytospora canker in Kazakhstan, remain understudied. Consequently, this study examined
the cultural and morphological properties of Cytospora canker pathogens, including determining optimal growth media and
temperature conditions for these pathogens. For microbiological analysis, samples were collected from five intensive apple
orchards in the Almaty region, yielding 15 fungal isolates from the following apple varieties: Gala, Granny Smith, Golden
Delicious, Golden Rush and Fuji. Based on morphological and cultural characteristics, the isolates were identified as Cyfospora
sorbina and Cytospora parasitica. The results showed optimal growth conditions at 27°C on potato dextrose agar (PDA). This
study provides insights into the host-pathogen biological interactions, potentially facilitating improvements in early diagnostics
and the development of integrated disease management strategies against Cytospora-related diseases to protect apple orchards.
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1 INTRODUCTION

Apple production is a significant contributor to Kazakh-
stan’s agricultural sector, playing an essential role in support-
ing the nation’s economic stability. Kazakhstan has the po-
tential to use apple production to enter international markets,
thereby promoting international trade relationships and at-
tracting foreign investments in the agricultural sector [1].

According to the Food and Agriculture Organization
(FAO), in 2022, Kazakhstan’s apple planting area totaled
35,727 hectares, with a yield of 74,990 tons/hectare and an
annual apple production of 267,919 tons. Despite the favor-
able climatic conditions in Kazakhstan’s southern regions, ap-
ple orchard productivity has declined in recent years due to
various fungal diseases [2].

In a comprehensive survey of fungal diseases affecting ap-
ple trees in southern and southeastern Kazakhstan, researchers
Ismailova E.T., Sadanov A.K., and others identified monili-
asis, scab, rust, leaf spots, and Cytospora canker as common
diseases in these areas, with Cytospora canker found across
all surveyed regions, albeit at varying levels of severity [3].
Prior studies by Ospanova A. et al. documented the presence
of Cytospora canker in central Kazakhstan (Karaganda, As-
tana) on various trees, characterizing the phytopathogens by
morphological features [4].

Today, fungal diseases pose a severe and growing threat to
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apple orchards in Almaty region. In recent years, orchard phy-
tosanitary conditions have deteriorated due to climate change
and nutrient deficiencies, increasing trees’ susceptibility to
Cytospora canker pathogens (personal communication with
apple producers).

Many trees suffer extensive damage from Cytospora
canker lesions, which form on the trunk, major limbs, and
branches [5, 6]. Trees are particularly vulnerable to the dis-
ease when grown under stressful conditions, such as on poor
sites or following drought or frost events [7].

Cytospora canker is not immediately visible; affected
trunks and branches show bark dieback, which gradually turns
brown and is bordered by roughened tissue. Later, the bark
peels away, revealing necrotic tissue beneath, where small
pycnidia appear, resembling ulcers. Conidia from the pycnidia
may ooze out during wet weather, allowing the disease to
spread to nearby healthy trees [8, 9]. Most infections occur in
late autumn, early winter, or late winter/early spring, although
weakened trees may be infected throughout the growing sea-
son. Over the season, mycelium and conidia develop on in-
fected tree parts [10-12].

Pathogen conidia enter small and large branches through
natural or mechanical wounds. The fungus reproduces in dead
tissue and spreads to adjacent live tissues, forming cankers on
the trees. These pathogens colonize and obstruct the vascular
system, impeding water transport to infected trunks, shoots,
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and branches, which can ultimately kill individual trees or
even entire orchards [13-15].

Cytospora canker in apple has been the subject of exten-
sive research worldwide, yet studies on this disease in Ka-
zakhstan, the origin of the first apple trees, remain limited.
This study aims to investigate the Cytospora canker patho-
gens responsible for the dieback of apple trees in Almaty re-
gion orchards.

2 MATERIAL AND METHODS

2.1 Field Sampling and pathogen isolation. The study was
conducted to isolate Cyfospora spp. fungi from apple trees ex-
hibiting typical canker symptoms in major intensive orchards
in the Almaty region. Field surveys were carried out to iden-
tify symptomatic trees, from which branches were collected
for laboratory analysis. The sampling focused on trees with
prominent signs of Cytospora canker. The collected branches
were then processed to obtain fungal isolates for further study.

2.2 Microbiological analysis. To isolate the pathogens,
pieces of bark containing dark pycnidial stromata were ex-
cised from affected branches. These samples were placed
on nutrient media to promote fungal growth and isolate the
pathogens. The media used included potato dextrose agar
(PDA), Sabouraud chloramphenicol dextrose agar (SCA),
and Czapek Dox agar (CDA), prepared as follows:

- PDA (Potato Dextrose Agar): dextrose 20.000 g/L, agar
15.000 g/L, potato extract 4.000 g/L, pH 5.6 + 0.2.

- SCA (Sabouraud Chloramphenicol Dextrose Agar): dex-
trose 40.000 g/L, agar 15.000 g/L, peptone 10.000 g/L, chlor-
amphenicol 0.5 g/L, pH 5.6 + 0.2.

- CDA (Czapek Dox Agar): sucrose 30.000 g/L, agar
15.000 g/L, NaNOs 2.000 g/L, K-HPO4 1.000 g/L, MgSO4
0.500 g/L, KC1 0.500 g/L, FeSO4 0.010 g/L, pH 7.3 £ 0.2.

Colonies of interest were subcultured to obtain pure fun-
gal isolates for detailed characterization.

2.3 Morphological and microscopic analysis. The cul-
tural and morphological characteristics of Cytospora spp.
isolates were observed, focusing on pycnidia formation, stro-
mata shape and color, and conidia morphology. The macro-
morphological characteristics of colonies were studied by re-
cording measurements on days 5-7-14 of growth. Microscopic

examination was performed using a ZEISS Axio Scope.Al
(Germany) microscope to capture detailed micromorpholog-
ical features of the isolates.

3 RESULTS

The survey of major apple orchard production zones (Al-
maty region) revealed that Cytospora canker is widespread.
Across the five intensive orchards examined, Cytospora can-
ker was present in each, with one orchard showing an excep-
tionally high incidence rate. The apple varieties assessed in-
cluded Gala, Granny Smith, Golden Delicious, Pink Lady,
Golden Rush, Enterprise, Fuji, Maksat, Star Crimson, and Red
Delicious.

Referring to studies by Chinese researchers (Xiaojie, Liu
& Li, Xiao-Shuang & Bozorov et al.), who described and
identified six species of Cytospora spp. causing canker in ap-
ple trees, we can confirm that our isolated cultures correspond
to this genus of fungi [8, 9].

Upon visual inspection of the samples, typical symptoms
of Cytospora canker in apple trees were observed: desicca-
tion of young shoot tips, leaf wilting, and darkened bark ar-
eas with circular cankers (Figure 1).

Pycnidial conidiomata, embedded in the bark, emerge
through the bark surface at maturity, with multiple nests (Fig-
ure 1, A-C).

To isolate the pathogen, 32 samples were collected, of
which 15 displayed cultural characteristics consistent with
Cytospora spp. Fungal growth was monitored on culture me-
dia for 7-14 days, with optimal growth observed on PDA me-
dium at 27°C (Figures 2 and 3).

Cultures of Cytospora sorbina on PDA medium (Figure
2): rapid-growing colonies with whitish mycelium (day 5),
later darkening to light brown or dark yellow. Colonies have
a rough texture, with uneven edges and a homogeneous con-
sistency (day 7).

Cultures of Cytospora sorbina on Sabouraud medium:
moderately growing colonies with a yellowish hue (day 5),
later expanding but halting growth by day 7, with no further
increase in size or change in color. Colonies are fluffy with ir-
regular, torn edges and non-uniform consistency.

Cultures of Cytospora sorbina on Czapek medium:

Figure 1 — Disease symptoms caused by Cytospora species on apple trees in Almaty region, Kazakhstan
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Figure 2 — Cultural characteristics of Cyfospora sorbina: 1 — culture growth on day 5, 2 — culture growth on day 8, A —
growth on PDA medium, B — growth on Sabouraud medium, C — growth on Czapek medium.

oIl A

Figure 3 — Cultural characteristics of Cyfospora parasitica: 1 — culture growth on day 5, 2 — culture growth on day §, A
— growth on PDA medium, B — growth on Sabouraud medium, C — growth on Czapek medium.
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slow-growing, colorless, nearly transparent colonies (day 5),
later growing without significant changes in colony size (day
7), while retaining color and consistency. Colonies are flat
with smooth edges and a homogeneous consistency.

Cultures of Cytospora parasitica on PDA medium (Fig-
ure 3): rapid-growing colonies with fluffy, grayish-white ae-
rial mycelium (day 5), later darkening in the center to dark
gray, while colony edges remain unchanged. Colonies are ae-
rial with smooth edges and homogeneous consistency (day 7).

Cultures of Cytospora parasitica on Sabouraud medium:
rapidly growing colonies with white aerial mycelium (day
5), later darkening to a yellowish or light brown. Colonies
are fluffy with uneven edges and homogeneous consistency
(day 7).

Cultures of Cytospora parasitica on Czapek medium:
slow-growing white colonies (day 5), with dense structure,
irregular edges, and homogeneous consistency (day 7).

Due to differences in growth rates and patterns on the three
different media, weakly alkaline media are considered pref-
erable for cultivating Cytospora spp. Neutral media pH and
the presence of salts inhibited pathogen growth, while disac-

Figure 4 — Morphological structures of phytopathogens
conidia (X100, SB 10 um.) A — Cytospora sorbina, B —
Cytospora parasitica

charides slowed growth, and monosaccharides accelerated it.
The presence of potato extracts positively influenced growth.

Conidia (Figure 4) are smooth-walled, elongated-allan-
toid, and aseptate. Sexual morph was not observed.

The isolates identified as Cyfospora sorbina and Cyto-
spora parasitica, which were previously determined by us
in earlier studies, have been deposited in the GenBank data-
base [16, 17].

Microbiological analysis of the selected samples revealed
isolates from apple varieties Gala, Granny Smith, Golden De-
licious, Golden Rush and Fuji, which were identified by mor-
phological, cultural, and molecular genetic analysis as Cy-
tospora sorbina and Cytospora parasitica. These varieties
showed greater susceptibility to cytospora canker than other
varieties studied.

4 DISCUSSION

The findings of this study mark a significant step forward
in understanding the causative agents of canker and dieback
diseases in apple orchards within the Almaty region of Ka-
zakhstan. The discovery of C. parasitica and C. sorbina as
key pathogens not only expands the known geographical dis-
tribution of these species but also underscores the potential
risks associated with the introduction of new apple cultivars

and changing environmental conditions.

Previous studies have reported C. parasitica and C. Sor-
bina in neighboring countries such as China [13], Iran [5],
and Turkey [14], suggesting a possible connection between
its spread and regional environmental or trade-related factors.
However, the detection of C. sorbina in this study raises new
questions about the adaptability of Cytospora species to dif-
ferent climatic zones. These findings contribute to the growing
body of evidence that Cyfospora species are more influenced
by environmental factors than host specificity, as highlighted
by Pan et al. [7].

Despite these advances, there are limitations to this study.
Future research should focus conducting pathogenicity tests
on healthy branches is necessary to fully capture the complex-
ity of host-pathogen interactions in natural conditions. The
genetic diversity of C. parasitica and C. sorbina populations
in Kazakhstan remains unexplored, which could provide in-
sights into their evolutionary adaptations.

Integrating these findings into the current understanding
of apple canker disease emphasizes the need for regional sur-
veillance programs, which is a recognized hotspot for Cyto-
spora infections.

This study opens new avenues for future research. For in-
stance, comparative studies on the pathogenicity mechanisms
of C. parasitica and C. sorbina could reveal why these spe-
cies exhibit varying levels of virulence. Exploring the role of
environmental factors, such as temperature fluctuations and
water stress, in influencing disease severity may also provide
valuable insights. Additionally, investigating potential biocon-
trol agents or resistant apple cultivars could contribute to de-
veloping sustainable management strategies.

By shedding light on previously undocumented pathogens
in Kazakhstan, this research provides a foundation for future
epidemiological studies and reinforces the importance of pro-
active disease management to safeguard apple production in
the region.

CONCLUSION

As a result of the survey conducted in apple orchards in
the Almaty region, it was found that Cytospora cancer has be-
come widely spread. Trees affected by Cytospora spp. were
identified in all surveyed orchards.

Microbiological analysis of the collected samples resulted
in the isolation of 15 fungal strains from the following ap-
ple varieties: Gala, Granny Smith, Golden Delicious, Golden
Rush and Fuji. Based on morphological and cultural charac-
teristics, these strains were identified as Cytospora sorbina
and Cytospora parasitica. Molecular genetic identification of
the strains was carried out, with the most optimal growth ob-
served using PDA medium.

Thus, this study was initiated to identify the Cytospora
spp. species responsible for apple canker and dieback dis-
eases in intensive orchards of the Almaty region using a cul-
tural-morphological approach.

This article provides research findings on Cytospora can-
ker in fruit crops, shedding light on current issues and future
opportunities for improving disease control methods.
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AHHOTALMNUSA

B JaHHOM HCCJIEJOBaHUN OBLIO IMPOBEACHO MOp(l)OHOFI/I‘{eCKOG OIIMCaHUEC U30JIATOB Cytospora Spp., KOTOpbIC ObLIN BBIJC-

JICHBI U3 MOPAKCHHBIX LIUTOCIIOPO30M BETBEH S0JIOHU. HI/ITOCHOpOS — paciipoCTpaHCHHOC 110 BCEMY MUPY 3360J’ICB3HI/IG, BO3-
6y,HI/ITGJ'II/I KOTOPBIX MPEACTABIAOT coboit arp€CCUBHBIX MATOT'C€HOB, BHI3bIBAOIIUX A3BbI APCBECHBIX paCTGHHﬁ, KaK B IpUpoa-
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HBIX, TaK U B arpO3KOCUCTEMaX 110 BCEMY MHPY. B TSDKeNbIX ciTydasx s3Bbl MOTYT IPUBECTH K OTMUPAHHIO BETBEH U IEPEBBEB.
B nanHO# crarbe npejcraBiieHo nepeoe cooduienue o Bunax Cytospora sorbina u Cytospora parasitica, OOHapyKEHHBIX Ha
TEPPUTOPUH MHTCHCHBHBIX SIOJIOHEBBIX ca10B AJMaTHHCKOW oOnactn, Kasaxcran. B yacTHocTH, BUIOBast MPUHAJUICKHOCTh
1 MOp(OJIOTHYECKUE/TeHETUIECKUE 0COOCHHOCTH MaToreHoB Cyfospora Spp., BBI3BIBAIOIINX [IUTOCIOPO3HEIHA pak sI0JIOHb Ha
tepputopun Kazaxcrana mano u3ydeHsl. B cBsi3u ¢ 9THM, B JAHHOM HCCJIEI0OBAaHUY OBUIN M3y4YEHBI KYJIBTYpabHO-MOP(OIIO-
rHYeCcKre CBOMCTBA BO30OYANTEIEH IUTOCIIOPO3a, a TAKIKE I10J00paHa ONTHMalIbHas Cpejia U TeMIIEpaTypPHbIE YCIOBUS ISt PO-
cTa Bo30ynuTeneil. B pesysbrare uccienoBaHus IpoBeIcH 0TOOp Oromarepuaa Jisi MUKPOOUOJIOTHYSCKOTO aHAIu3a ¢ 5 UH-
TEHCUBHBIX SIOJIOHEBBIX Ca10B AJIMATHHCKOW 00JIaCTH, BBIICJICHO |5 TPHOHBIX M30JISATOB U3 CIEAYIOLIMX COPTOB s1010Hb: Gala,
Granny Smith, Golden Delicious, Golden Rush and Fuji, koropbie 1o Mophoioruueckum u KyJbTypajibHbIM ITPU3HAKAM, COOT-
BerctBoBaiM Cytospora sorbina u Cytospora parasitica. Pe3yasrarsl oka3aiiy, 4TO ONTHMaJIbHbIE YCIOBHS JUIsl pOCTa HaOo-
namuck npu 27°C Ha cpezie PDA (potato dextrose agar). JlaHHOe nccieoBaHie NOMOXET HOHATh OMOJIIOTMYEeCKHUEe 0COOCHHOCTH
B3aUMOJICHCTBHS MEXKILy XO3SMHOM U MAaTOTCHOM, ISl CHOCOOCTBOBAHMS B YIYUILICHUH PaHHEH TUAarHOCTUKHU U MPaBUIBHOTO
1o00pa MHTErPUPOBAHHBIX CTPATET I OOPHOBI C OONE3HSIMH, BBI3BAHHOW IPUOAMU JAHHOTO POJIa VISl COXPAHEHUsI CaJl0B.

KuaroueBble ciioBa: 51010415, Oonesnu a610Hb, yumocnoposwulil pax, Cytospora spp., MUKPOOUOLOSUYECKUTI AHANU3, NUK-
HUouuU.
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KA3AKCTAHJIAFBI AJTMA AFAIITAPBIHBIH IIUTOCITIOPO3 KO3ABIPFBIIITAPBIHBIH
JAKBLIJIBIK-MOP®OJOTUSIJIBIK CUTTATTAMACKI
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AHIOATIIA

By 3eprTeyne nuTocnopaMeH 3aKbIMIalIFaH ajiMa arallbIHbIH OyTakTapbiHaH Oeuninren Cytospora spp W30S TTapbIHbIH
MOP(hOJIOTHSIIBIK CHITaTTaMachl xKypriziuiai. [{utocnopos — OYKis ojemaeri TaOUFH KOHE arpodKOKYHEIer! aFall eCiMIiK-
TEpiH/E ICIK TYABIPATBIH arpeCCHUBTI MATOTCHACPACH TYbIHIAFaH JYHUCSIKY3LTIK aypy. AybIp XKaFaaiaap/a iciktep Oyrakrap
MEH aralitap/blH ellyiHe okenyl MyMkiH. bys makanana KazakcranHbsiH AsMatsl OOJIBICHIHIAFB! KAPKBIHIBI aIMa OaKTapbIH/Ia
kesnecerin Cytospora sorbina xoue Cytospora parasitica TypJiepiHe ajFaliKbl peT CUMaTTaMa OepiireH. Aram aitkanaa, Ka-
3aKCTaH/Ia ajiMa araliTapblHbIH [IUTOCIOPA iCiTiH TyabIpaThiH Cytospora spp. KO3/BIPFBIIITAPBIHBIH TYpJiepi MEH MOpQoIIo-
THSITBIK/TEHETHKAJIBIK epeKIneltikTepi a3 3eprrenred. OcbiFaH OaiaHbICThl OYJ1 3epTTEy/e HUTOCTIOPa KO3ABIPFBIIITAPBIHBIH
JAKBUIIBIK KOHE MOPQOJIOTHSUIBIK KACHETTEPl 3ePTTEIIM, KO3ABIPFBIIITAP/IBIH KOOCIOIHE KOIAIbl OpTa MEH TeMIepaTypa-
JIBIK JKaFqaiaap OHTalIaHIbl. 3ePTTCY HOTHKECIHC AJIMAThl OOJIBICHIHIAFBI 5 HHTCHCHBTI ajiMa OaKTapbIHAH MUKPOOHOJIOTH-
SUTBIK TAJIAAY YILIiH OMoMarepHall ipikTelni, ajMa aFaliTapblHbIH KeJiecl COpTTapbiHaH 15 caHpIpayKyJsiaK H30JsTTapbl OOJiHII
anbiael: Gala, Granny Smith, Golden Delicious, Golden Rush, Fuji. Onap Mop¢oiorusiibIK KoHe TaKbLUIIBIK Oenriiepi 00ii-
sirma Cytospora sorbina xoue Cytospora parasitica Typnepisne coiikec keneni. Hotmkecinae PDA (potato dextrose agar) Ko-
pekTik opraaa 27°C TeMIiieparypajia OHTAIbI ©Cy Karmaiaapsl OaiikaaraHbIH KOPCeTTi. Byt 3epTTey neci MeH KO3IbIPFBIIITHIH
e3apa dPEKETTECYIHIH OMOIOTUSIIBIK CPEKIICITIKTEPIH TYCIHYTE, epTe JMarHOCTUKAHBI )KaKcapTyFa jKOHE OaKTap/bl cakTay
YILIIH OCBI TEKTEC CaHBIPAYKYJIAKTap TYAbIPATHIH aypyJIapMeH Kypecy/iH KeIIeH Il CTPATerusChIH TYPhIC TaHJayFa bIKIA eTe/Il.

Tyiiin ce3aep: aima asauvl, arma azauibinbly aypyrapel, yumocnopa iciei, Cytospora spp., MUKpOGUOIOSUATbIK MA0ay,
NUKHUOUSLLAP.
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