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DETECTION OF FUNGAL PATHOGENS OF THE GENUS MONILINIA IN CULTIVATED
APPLE ORCHARDS

ANNOTATION

Fungal pathogens of the genus Monilinia pose a significant threat to fruit production, particularly in
temperate regions such as southeastern Kazakhstan. This study investigates the morphological, molecular,
and pathogenic characteristics of mixed infections caused by Monilinia fructigena and Monilinia
polystroma, two closely related species responsible for fruit rot in apple orchards. Samples from
symptomatic apple fruits were collected in the Almaty region, and pure fungal cultures were isolated and
characterized. Morphological examination of the isolates revealed typical Monilinia colony characteristics,
including dense mycelial growth and sporulation patterns. Experimental inoculation of Pyrus communis cv.
‘Conference’ confirmed high pathogenic potential and aggressive lesion development within 24 hours post-
inoculation. Molecular identification using species-specific primers targeting the LAC2 gene confirmed
mixed infections in 8 out of 9 samples. This is the first documented co-occurrence of M. fructigena and M.
polystroma in Kazakhstan. The findings emphasize the necessity of integrating morphological assessment
with molecular diagnostics for accurate pathogen identification. The development and use of specific
molecular markers enable early detection, species differentiation, and improved phytosanitary strategies to
manage moniliosis in fruit crops.

Key words: Monilinia, M. fructigena, M. polystroma, PCR, fruit rot, molecular diagnostics,
moniliosis, pathogenicity.

Introduction. Fungal pathogens of the genus Monilinia pose a serious threat to fruit crops,
particularly apple (Malus domestica). These pathogens are the causative agents of moniliosis, a severe
disease that leads to significant yield losses, reduced commercial fruit quality, and deterioration of overall
tree health [18]. The disease manifests as fruit rot, flower and shoot wilting, negatively impacting orchard
productivity and the economic viability of fruit cultivation.

The most common Monilinia species affecting apples include M. fructigena, M. laxa, and M.
fructicola [2]. Monilinia fructigena is the most widespread species in Europe and Asia, infecting apples
and other stone fruits. This pathogen causes brown rot and fruit mummification, facilitating its persistence
and dissemination within orchards [19].

A recently identified invasive species in Europe, Monilinia polystroma, was first described in Japan
[2], [19]. Morphologically similar to M. fructigena, this pathogen exhibits higher aggressiveness, making
it a potentially greater threat to apple orchards [7]. In recent years, its spread has been recorded in Central
and Eastern European countries, including Hungary, Croatia, and Poland, which necessitates further
monitoring and investigation of its biology and ecology [5, 16, 17].

Changes in climatic conditions, such as warming and increased precipitation during critical
phenophases, may enhance the spread and pathogenicity of Monilinia species and contribute to the
expansion of invasive species [1, 15]. In this regard, comprehensive studies are particularly relevant,
including molecular diagnostics, epidemiological analysis, and phytosanitary mapping of disease
outbreaks.
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Early and accurate identification of Monilinia species plays a key role in the control of moniliosis,
as the choice of protective and preventive measures depends on the specific pathogen species [22].
Traditional diagnostic methods based on morphological characteristics are often hindered by the high
degree of similarity between Monilinia species and by the variability of symptoms depending on
environmental conditions. In this context, molecular approaches, such as the amplification of species-
specific DNA regions using PCR, are not only more accurate but also allow for the detection of pathogens
at early stages of infection — before visible symptoms of the disease appear. Currently, molecular methods,
including PCR diagnostics, enable precise species identification, which is particularly important for
detecting invasive species [6]. Given the high pathogenicity of Monilinia fungi, timely detection, species
composition analysis, and pathogen distribution studies are essential. Identification and monitoring of these
pathogens are key steps in developing effective disease management strategies and preventing outbreaks.

Moreover, the use of molecular genetic data enables phylogenetic analysis, the identification of
intraspecific variability, and the tracing of pathogen migration routes. This is particularly important for
assessing phytosanitary risks associated with the introduction and spread of new genetic lineages of
pathogens in agroecosystems [21].

This study aims to detect and molecularly identify the fungal pathogens M. fructigena and M.
polystroma in cultivated apple orchards. The obtained results will refine the species composition of
moniliosis pathogens in the studied regions. These findings may contribute to improving phytosanitary
monitoring strategies and developing effective protective measures for fruit crops against moniliosis.

Materials and methods. Collection of samples and cultivation of fungal phytopathogens.

Samples of the cultivated apple variety “Aport” were collected from orchards in the Almaty region
(43.364223, 77.478391). When typical symptoms of Monilinia spp. infection were detected, the affected
fruits were collected for molecular genetic analysis. Fungal isolates were obtained and preserved following
the method described in [10], with some modifications. Specifically, a sterilized wire loop was used to
transfer conidia from the surface of the fruit (or mummified fruit) onto the surface of potato dextrose agar
(PDA) in Petri dishes. The cultures were incubated at 25°C for seven days, with daily monitoring of fungal
mycelium development. Subsequently, two successive transfers of homogeneous mycelium onto fresh
nutrient media were performed to obtain pure cultures. The fungal pathogen collection was stored at 4°C.

Determination of the Aggressiveness of the Studied Isolates

To assess the virulence of the fungal isolates under study, a biological assay was conducted on fruits
of the ‘Conference’ pear variety grown in the study region. The experiment was carried out following a
modified version of the method adapted from protocol [12]. As experimental material, fruits without visible
signs of physiological disorders or pathogen damage were selected. Preliminary sterilization included
sequential treatment with soapy water, 70% ethanol, and double rinsing with sterile distilled water. After
complete drying, a longitudinal incision 1-1.5 cm in length was made in the central part of each fruit using
a sterile scalpel. Mycelial fragments obtained from four-day-old pathogen cultures were aseptically applied
to the mechanically wounded areas. To avoid contamination by exogenous microorganisms, the inoculation
sites were sealed with sterile tape. Fruits subjected to the same treatment without inoculum application
served as the control. All samples were incubated in a sealed chamber at a temperature of 23-25 °C, relative
humidity of 80-90%, and a 12-hour light/dark cycle. Upon completion of the seven-day incubation period,
microscopic examination of the morphological features of fungal colonies that developed on the surface
and within the fruit tissues was performed.

Molecular-Genetic Species Identification of Monilinia spp. DNA extraction from pure fungal
cultures was performed using the commercial “Plant/Fungi DNA Isolation Kit” (Norgen) following the
manufacturer’s protocol, with liquid nitrogen used for tissue homogenization. ldentification of the
moniliasis pathogen was carried out using conventional PCR [3]. The PCR mixture contained 1 U Taq
DNA Polymerase (New England Biolabs), 1X Taq buffer, 0.2 uM dNTPs, 0.2 uM of each primer, and 20
ng of DNA template. The PCR conditions were as follows: initial denaturation at 94°C for 3 min, followed
by 30 cycles of 94°C for 30 s, an optimized annealing temperature (Table 1) for 30 s, and 72°C for 40 s,
with a final elongation step at 72°C for 4 min. PCR product analysis was performed using 2% agarose gel
electrophoresis in TAE buffer.

Table 1 — Sequences and annealing temperatures used in the study

Determined y ns Tm,
. Sequence 5°-3
species

Source

F: TGTCACTCAAGTAAGTTGATCTGC 59

108



Monilinia R: TCCATCGCCGTATTGAAGT
fructicola
Monilinia F: TCAATCGATACCAACTGGTACGAT 62
fructigena R: TTCTCAACTGAAAGCCAATATTCTTTAG
A F: AATTGATACCAACTGGTACGATGTG
Monilinia laxa 59
R: AAAGCCAATATTCTTGATATCAAGTTAGTG Wang u zp.
Monilia F: ATACCAACTGGTACGATGTTACTCCTAC 56 2018, [3]
polystroma R: AAGCCAATATTCTTTATATAAAGTTAGCGC
Monilia F: AAGTTGCATCCCTTCGCTGT 56
mumecola R: ATGACCAGGGGCATCTGTAATT
Monilia F: TCATTGGTAAGTTGCATCCCC 56
yunnanensis R: GATGACCAGGGGCATCTATAATTATT

Results and Discussion. Fungal diseases of fruit crops, particularly those caused by representatives
of the genus Monilinia, remain a significant concern in horticulture and fruit production in many countries,
including Kazakhstan. Moniliosis (or fruit rot) substantially reduces yield, affects fruit quality, and causes
premature fruit drop, resulting in economic losses for the agricultural sector. In recent years, an increase in
the frequency of mixed infections has been observed, complicating diagnostics and necessitating a clearer
understanding of pathogenesis, as well as the interactions between co-infecting species.

Of particular interest are cases of simultaneous presence of M. fructigena and M. polystroma, as both
species are phylogenetically related, morphologically similar, yet differ in several traits, including
virulence, sporulation structure, and sclerotia formation. The relevance of studying such infections lies not
only in the increased aggressiveness of the pathogens but also in the need to develop differential diagnostic
approaches. The present study focuses on the morphological and molecular characterization of such co-
infections, as well as the assessment of their pathogenic potential.

In the present study, nine apple fruits exhibiting characteristic symptoms of moniliosis were
analyzed. The samples ranged from those with isolated lesions to fully mummified fruits and were collected
from apple orchards in the Almaty region. The infected tissue was used to obtain pure fungal cultures
(Figure 1). During culture growth, white and grayish colonies with entire or slightly undulating margins
were observed. Initially, a sparse aerial mycelium developed into a dense structure with concentric
zonation. In some isolates, the colony margins darkened over time, and black stromatic plates appeared.
The intense formation of these plates is a characteristic feature of M. polystroma [10].

A

r
\\Y Q

Figure 1A — Apples affected by moniliosis; Figure 1B — Cultures isolated from apple fruits with mixed
infection.

Both species, M. polystroma and M. fructigena, exhibit the morphotype typical of the genus
Monilinia — the formation of brown necrotic lesions on fruit, covered with pale beige to light brown
sporulation cushions (conidial sporodochia). However, M. polystroma is characterized by more abundant
and diffuse sporulation, often forming multiple concentric rings of sporodochia, whereas M. fructigena
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displays sporulation in the form of individual, larger cushions arranged less regularly [4]. Due to the
detection of a mixed infection, we were unable to observe distinct morphological differences between
Monilinia colonies.

A significant distinguishing feature lies in the morphology of the sclerotia — compact resting
structures. M. polystroma produces a substantially greater number of small sclerotia (up to 60-80 per fruit),
which are distributed either diffusely or in a ring-like pattern, while M. fructigena forms a limited number
of larger sclerotia (no more than 1015 per fruit) [8]. No sclerotia were detected on fruits collected during
the present study; therefore, this morphological trait has limited value for identifying mixed infections of
moniliosis.

To assess the pathogenic activity and aggressiveness of isolates representing a mixed infection of M.
fructigena and M. polystroma, an experimental inoculation was carried out on fruits of Pyrus communis cv.
‘Conference’ (Figure 2). Brown necrotic lesions appeared on the fruit surface within the first 24 hours after
inoculation, preceding the sporulation phase. Lesion size was determined by measuring two orthogonal
diameters, which ranged from 15 x 10 mm to 45 x 52 mm. This wide range is likely due to both intraspecific
variability among isolates and the interaction between components of the mixed infection, as well as
specific incubation conditions. Concentric zones of sporulation were visible on the affected tissues, typical
of M. fructigena, represented by conidial pustules of varying color — from white to light and dark brown —

depending on the maturity of the sporulating structures.

A B
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Figure 2 — The condition of pear fruits on the 7th day of incubation after infection with isolated isolates:
A —sample, B — negative control

Microscopically, and consistent with the literature, both species form oval or ellipsoidal conidia that
are uninucleate, hyaline, and smooth-walled. On average, conidia of M. polystroma are slightly smaller in
size [13]. However, there is partial overlap in size ranges, making precise identification based solely on
microscopic traits difficult. In the conidial stage of development, we observed ellipsoidal conidia forming
in branched chains (Figure 3). Morphological analysis revealed a predominance of oval and lemon-shaped
conidia. By the fourth day of cultivation, intensive mycelial growth was observed, accompanied by active
conidiogenesis and pronounced sporulation, indicating a high epiphytotic potential of the pathogen under

natural infection conditions.

Figure 3 — Conidial structures on the surface of inoculated pears on days 4 (A) and 7 (B) of incubation
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The simultaneous presence of M. fructigena and M. polystroma on the same plant has not been
previously reported worldwide. Both phytopathogenic species share similar environmental conditions for
development and infection mechanisms, producing conidiophores and conidia on the surface of infected
fruits, which facilitate a high degree of infection [20], [11]. However, the morphological similarity between
these species complicates diagnosis when infecting on the same substrate, necessitating the use of molecular
methods. Polymerase chain reaction (PCR) is a highly sensitive technique that enables pathogen detection
based on species-specific DNA sequences. Cultures obtained from nutrient media were subsequently used
for molecular-genetic species identification.

For molecular-genetic diagnostics, species-specific primers complementary to the variable region of
the constitutive laccase-2 (LAC2) gene, a key virulence factor, were used [3]. The analysis confirmed a
mixed infection with M. fructigena and M. polystroma in 8 out of 9 samples, while M. fructigena alone was
detected in one sample (Figure 4).

M. polystroma is morphologically and phylogenetically similar to M. fructigena and is often
misidentified as a variant of the latter. However, molecular studies, including analyses of ITS regions of
rDNA and the B-tubulin gene, have confirmed its distinct species status [9].

«—105 bp

“«— 123 bp

Figure 4 — Species identification results of Monilinia spp. A — Identification of M. polystroma, amplicon
size: 105 bp; B — Identification of M. fructigena, amplicon size: 123 bp. The molecular size standard
used: GeneRuler 1 kb Plus DNA Ladder (ThermoFisher Scientific).

During this study, a collection of fungal cultures was established, consisting of M. fructigena and M.
polystroma isolates obtained from apple orchards in the Almaty region.

The co-occurrence of M. fructigena and M. polystroma represents a complex phytopathological
phenomenon that necessitates precise molecular diagnostics [14]. PCR-based species-specific markers
serve as a primary tool for detecting and monitoring these pathogens in agroecosystems. The development
and implementation of more sensitive molecular techniques will enable more effective control of pathogen
spread and the formulation of biological and chemical management strategies.

Thus, the results of the present study indicate a high prevalence and aggressiveness of mixed
infections of M. fructigena and M. polystroma in apple orchards of southeastern Kazakhstan. The obtained
data highlight the importance of combining morphological and molecular methods for the accurate
diagnosis and monitoring of Monilinia pathogens. The development and implementation of specific
diagnostic markers offer promising prospects for earlier detection of infection, species differentiation, and
the application of targeted phytosanitary measures. Further research should focus on assessing the
resistance of various fruit tree cultivars to these pathogens and exploring the potential for biological control
under field agroecosystem conditions.

Conclusion. This study successfully detected and molecularly identified fungal pathogens of the
genus Monilinia affecting apple (Malus domestica), with a particular focus on M. fructigena and M.
polystroma. The results confirm the co-occurrence of these phytopathogens in apple orchards in the Almaty
region, which has not been previously documented. The identified mixed infection highlights the complex
nature of moniliosis pathogen spread and underscores the necessity for continued monitoring.

The use of molecular methods, particularly PCR diagnostics, has demonstrated high accuracy in
species identification, reaffirming the importance of molecular approaches for phytosanitary monitoring
and disease outbreak prevention.
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This research contributes to the understanding of M. polystroma distribution in Central Asia and
provides a foundation for developing improved strategies for the control and protection of fruit crops.
Future studies should expand the analysis to additional regions and incorporate further molecular markers
to enhance our understanding of the biology and ecology of these phytopathogens.

Funding: The study was funded by the Ministry of Science and Higher Education of the Republic of
Kazakhstan within the framework of a targeted funding program BR28712539 “Molecular-genetic patterns
in the development of economically valuable traits and biological characteristics of major agricultural
crops”.
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TYWUIH

Monilinia TybichiHA >KaTaThlH CaHBIPAYKYJIAK ITaTOTCHIEP] JKEMIC IIapyalibUIbIFbIHA,
acipece KazakcTaHHBIH OHTYCTIK-IIBIFBICBIHIAFbl KOHBIP)Kal aliMaKTap/a eyl KaTep TOHAIpei.
byn 3eprTey anmMa OakTapblHIAFbl jKEMIC HIIPITIH TYyAbIpaTbiH, Oip-OipiHEe *akKblH €Ki TYyp —
Monilinia fructigena men Monilinia polystroma — ceben GonaTeiH apanac WHGEKIHUSIAPIBIH
MOP(}OJIOTHSIIBIK, MOJIEKYJIAJBIK >KOHE IaTOTEHIIK EpEeKUIeNIKTepiH KapacTbpaabl. AJMaThl
oOnbIChIHAH aypy Oenriiepi 6ap aiMa jKeMicTepi >KHHAJBIN, Ta3a CaHbIpPAyKYJIaK JaKbUIIaphl
OemiHIN aNbIHIBI JKOHE >KaH-KAaKThl cUHATTaNAbl. MOopQOJOTHUANIBIK 3€pTTEey HITHUKECIHE
u3ossitTapApiH Monilinia TybichIHA TOH KOJOHHSIIBIK OSNTisiepi aHBIKTa/Ibl, COHBIH 1LTiH/IE THIFbI3
MHUIIEIAH 6Cyl MEH criopa Ty3y epekmiernikTepi 6arikanasl. Pyrus communis ‘Conference’ copThiHa
KYPTi3UIreH JKacaHbl KYKTBIpY ToxKipubenepi 24 carar ilIiHAe KOFapbl NaTOreHAIK MYMKIHJIT1
0ap CeKCHIH JKOHE 3allaylJlaHy OIIAFbIHBIH JKBUIIaM JaMUTHIHBIH kepcerti. LAC2 reHiHe
OaFpITTaNIFaH TYpre TOH MpaiiMepiiep KOJIJaHbUIFaH MOJIEKYJIANIBIK Tallay HOTHXKeciHe 9 YIriHiH
8-inje aTanraH eki TypJiH apanac WHGEKIHUICH aHbIKTanabl. by — Kasakcranma anramr per M.
fructigena men M. polystroma TtypnepiHiH Karap Ke3mecyi Tipkenai. AJBIHFaH HOTHIKEIEep
MaTOTeHJIEPAl JJI aHBIKTAY YIIH MOPQOJOTHUIBIK OMICTEPi MOJECKYJNAIBIK TAarHOCTHKAMEH
OIpIKTIpYZiH MaHBI3JBUIBIFBIH alKbIH Kepcereai. Typiepai epTe >KOHE HaKThl aXblpaTyra
MYMKIH/IIK OepeTiH apHaibl MOJICKYJIAJIBIK MapKepIIep i 931piaey MeH KOJIJJaHy MOHUJIHO3Fa KapChI
(UTOCAaHUTAPIBIK LIapaJIap bl XKETUIIPYTe bIKIA eTe/l.

PE3IOME
['pubHbie maroreHsl poma Monilinia mnpeacTaBiasSiOT 3HAYUTEIBHYIO YIPO3Y  JUIS
NPOM3BOCTBA (PPYKTOB, 0COOCHHO B YMEPEHHBIX PETHOHAX, TAKUX KaK IOro-BocTok KazaxcraHa.
B 1aHHOM WCCIeIOBaHMHM H3Yy4YarOTCs MOPQOIOTHYECKUE, MOJCKYJISIPHBIC M IMaTOrCHHbBIC
XapaKTepUCTHKH CMEIIaHHbIX WHQpeKmd, Bbi3BaHHBIX Monilinia fructigena u Monilinia
polystroma - aBymsi OJM3KOpPOJCTBEHHBIMH BHIAaMH, OTBETCTBCHHBIMH 3a THHJIb IUIOJOB B
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s0710HEBBIX canax. OOpa3ipl ¢ CHMITOMATHYHBIMHU sI0JJOKaMHU OBLIM COOpaHbI B AJIMAaTHHCKOU
o0nacTu, U3 HUX BBIACIICHBI U OXapaKTePU30BaHbI YHCTHIE KYIbTYphI puOoB. Mopdonoruueckoe
MCCJIEIOBAaHKE U30JIATOB IOKA3aJI0 TUMTMYHBIE JI71s1 Monilinia XapakTepuCTUKN KOJIOHHH, BKITIOYast
MJIOTHBIA MULIEIIUNA U 0OCOOEHHOCTH CIIOPOHOIICHUS. DKCIIEPUMEHTAIIbHOE 3apaskeHue copta Pyrus
communis cv. ‘Conference’ moaTBepuI0 BEICOKUH MATOTEHHBIN MOTEHITUAT U OBICTPOE pa3BUTHE
MOpaXCHU — B TeueHHe 24 4YacoB IMOCJIe WHOKYJSIUU. MoleKyisipHas HICHTU(UKAIUS C
WCIIOJI30BaHUEM BHUAOCTICMGUYHBIX MpaliMepoB Kk renHy LAC2 moaTBepawyia CMEIIaHHbBIC
uHpeknuu B 8 3 9 00pasnoB. DTo MepBoe 3aI0KYMEHTHPOBAHHOE COBMECTHOE MPUCYTCTBHE M.
fructigena u M. polystroma B Ka3zaxcrane. [TonyueHHbIe JaHHBIC TOAYEPKUBAIOT HEOOXOAMMOCTh
UHTETpalui  MOP(OJIOTHYECKOW OLEHKM C MOJEKYJISPHOW JMAarHOCTUKOW JUISI TOYHOTO
orpezenieHus naroreHoB. Pa3paboTka 1 UCToIb30BaHKE CTIEHU(PUUHBIX MOJIEKYJISIPHBIX MAPKEPOB
MO3BOJIIIOT OCYIIECTBIISITh paHHEe BbIsBICHHE, IuddepeHupoBaTh BHIBI W YIY4IIATh
¢dbuTOoCaHUTApHBIE CTpaTeruu OOPHOBI C MOHMIIMO30M ILJIOJIOBBIX KYJIBTYP.
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