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Abstract. Chickpea (Cicer arietinum L.) is a vital legume whose
post-harvest quality is frequently compromised by opportunistic storage
fungi, posing both economic losses and potential health risks due to
mycotoxin contamination. Despite its agricultural importance, information
regarding storage fungi affecting chickpea seeds in Kazakhstan remains
limited. This study aimed to isolate and identify Aspergillus species
contaminating chickpea seeds cultivated in the Akmola region. Over 200
seed samples representing local agricultural production were evaluated.
Initial microbiological analysis and microscopic examination were
followed by accurate molecular identification through the amplification
sequencing of the internal transcribed spacer (ITS) region of ribosomal
DNA. Phylogenetic analysis of the obtained sequences confirmed the
presence of two distinct species: Aspergillus niger and Aspergillus
fumigatus. The isolation of these ubiquitous saprophytes indicates
significant post-harvest fungal proliferation, likely exacerbated by local
climatic factors and storage microclimates. These findings highlight a
critical vulnerability in regional post-harvest infrastructure and underscore
the necessity for rigorous phytosanitary monitoring. Implementing
improved, sustainable storage management strategies is essential to
mitigate fungal contamination and ensure the safety of local agricultural
commodities.
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Molecular identification and diversity of Aspergillus storage fungi in chickpea seeds
from the Akmola region, Kazakhstan

Introduction

Chickpea (Cicer arietinum L.) is one of the most important grain legumes cultivated
worldwide and represents a major source of plant protein for human nutrition [1]. The crop
is widely grown in semi-arid and temperate regions of Asia, the Middle East, and Africa, and is
increasingly grown in Europe and Central Asia [2]. By fixing atmospheric nitrogen and offering
high nutritional value, chickpea is integral to sustainable agricultural systems and soil fertility
management. [3]. However, the productivity of chickpea is strongly constrained by numerous
fungal diseases affecting plants at different developmental stages [4-6].

Aspergillus spp. are ubiquitous filamentous fungi widely distributed in soil, air, and plant
debris [5-7]. Numerous Aspergillus species opportunistically colonize agricultural commodities,
particularly when elevated temperature and humidity during storage promote fungal proliferation.
In chickpea seeds, Aspergillus species can develop under inadequate storage conditions, such as
high moisture content, poor ventilation, or prolonged storage periods [8]. These fungi can rapidly
colonize seed surfaces and internal tissues, leading to deterioration of seed quality, reduced
germination capacity, and potential loss of market value [9].

In addition to causing economic losses, contamination of food products by Aspergillus
spp. represents a potential risk to human health [10-14]. Some species in this genus produce
mycotoxins, including aflatoxins and ochratoxins, which can accumulate in contaminated food
products. Furthermore, Aspergillus spores and fungal metabolites may trigger allergic reactions
in susceptible individuals. Exposure to fungal spores through inhalation or consumption of
contaminated food may lead to hypersensitivity reactions, respiratory symptoms, or other
allergic manifestations. These effects are associated with the presence of allergenic proteins and
secondary metabolites produced by certain Aspergillus species [15].

Because chickpea seeds are widely consumed and often stored for extended periods before
processing or consumption, monitoring for fungal contamination is essential to ensure food safety
and quality [16]. The identification of Aspergillus species associated with stored chickpea seeds
is therefore important for understanding the sources of contamination and assessing potential
risks for consumers [17]. Traditional morphological identification of fungi may be limited by
similarities among species; therefore, molecular methods, such as PCR amplification and sequencing
of ribosomal DNA regions, provide a reliable approach to accurate species identification [18].

Despite the importance of chickpea production in many regions, information regarding the
occurrence and molecular identification of storage fungi associated with chickpea seeds remains
limited in several countries, including Kazakhstan. Therefore, studying the diversity of Aspergillus
species contaminating chickpea seeds is necessary to improve phytosanitary monitoring and to
support the development of effective storage management strategies aimed at reducing fungal
contamination and associated health risks [19, 20].

Materials and methods

Sample collection

Chickpea (Cicer arietinum L.) seed samples were collected from agricultural fields located
in the Akmola region of Kazakhstan. The samples were provided by the A.l. Baraev Scientific
Production Center for Grain Farming (Shortandy, Kazakhstan). In total, more than 200 chickpea
seed samples were examined during the study period. Seeds were collected from different batches
representing local agricultural production. All samples were placed in sterile containers, labeled,
and transported to the laboratory for further mycological analysis.
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Prior to microbiological analysis, seeds underwent visual inspection to detect overt fungal
contamination and morphological anomalies. Individual seeds from each sample were selected
randomly for further microscopic and molecular investigations.

Microbiological analysis and microscopic examination

Chickpea seeds were subjected to microbiological analysis to isolate fungal contaminants.
Individual seeds were placed on Petri dishes containing potato dextrose agar (PDA) medium and
incubated at 25 + 2 °C for 5-7 days. Emerging fungal colonies were monitored daily, and colonies
with morphological characteristics were selected for further examination.

For microscopic analysis, small fragments of fungal colonies were transferred onto
microscope slides in a drop of sterile distilled water and covered with a coverslip. Microscopic
observations were performed using a Zeiss Axio Scope light microscope (Carl Zeiss, Germany).

DNA extraction and PCR amplification

Genomic DNA was extracted from fungal mycelium of Aspergillus spp. grown on potato
dextrose agar (PDA). A small fragment of fungal mycelium (approximately 0.5 x 0.5 cm) was
transferred from the culture plate into a sterile mortar. Then, 300 pL of extraction buffer con-
taining 2 M Tris-HCI (pH 8.0), 0.5 M EDTA, NaCl (3.27 g), and CTAB (0.8 g) was added together
with Proteinase K. The mixture was thoroughly homogenized and incubated at 65 °C for 14-16
h. Genomic DNA was subsequently extracted using the standard phenol-chloroform purification
method [21]. The quality and concentration of the isolated DNA were determined using a Nan-
oDrop 2000 spectrophotometer (Thermo Fisher Scientific, USA).

For molecular identification of Aspergillus spp., the internal transcribed spacer (ITS) region
of ribosomal DNA was amplified using the universal fungal primers (ITS1 F: TCCGTAGGTGAACCT-
GCGG, ITS4 R: TCCTCCGCTTATTGATATGC) [22]. PCR reactions were performed in a total volume
of 25 pL containing template DNA (50 ng/uL), PCR Mastermix 2x (Biolabmix, Russia) 12,5 pL,
and nuclease-free water 8uL. PCR amplification was carried out in a thermal cycler under the
following conditions: initial denaturation at 95 °C for 5 min; followed by 35 cycles of denaturation
at 95 °C for 30 s, primer annealing at 55 °C for 30 s, and extension at 72 °C for 1 min; with a final
extension step at 72 °C for 7 min. Amplified PCR products were separated by electrophoresis in
1.5% agarose gel stained with ethidium bromide and visualized under UV illumination.

DNA sequencing and sequence analysis

Successful PCR products were purified and subjected to Sanger sequencing. The obtained
nucleotide sequences were edited and assembled using BioEdit software version 7.0.5. Sequence
quality was manually inspected and trimmed where necessary. Species identification was per-
formed by comparing the obtained sequences with reference sequences available in the NCBI
GenBank database using the BLASTn algorithm. Identification of fungal isolates was based on
the highest sequence similarity with previously deposited sequences of Aspergillus spp.

Phylogenetic analysis

To confirm the taxonomic placement of the obtained isolates, phylogenetic analysis was
conducted. Multiple sequence alignment of ITS sequences was performed using the ClustalW
algorithm implemented in MEGA version 11 software. Reference sequences of related Aspergil-
lus species retrieved from GenBank were included in the analysis. A phylogenetic tree was con-
structed using the Maximum Likelihood method to infer evolutionary relationships among the
studied isolates and reference sequences [23]. The reliability of the phylogenetic tree topology
was assessed by bootstrap analysis with 1000 replicates.
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Results

Microbiological analysis of chickpea seeds resulted in the isolation of fungal colonies
belonging to the genus Aspergillus. Fungal growth was observed on potato dextrose agar (PDA)
after 5-7 days of incubation. Initial morphological and microscopic characterization tentatively
placed the isolates within the genus Aspergillus. Subsequent molecular identification using
ITS rDNA sequencing confirmed the presence of two species, Aspergillus niger and Aspergillus
fumigatus, among the isolates obtained from chickpea seeds. The morphological characteristics
of the colonies and microscopic structures of the identified species are presented in Figure 1,
while the phylogenetic relationships inferred from ITS sequences are shown in Figure 2.

Figure 1. Cultural morphological characteristics of Aspergillus niger 1A and 1B; Aspergillus
fumigatus 1C and 1D

Aspergillus niger colonies (Figure 1A and 1B) on PDA are characterized by rapid growth
and intense sporulation. Initially, the mycelium is whitish, but as conidia form, the colony surface
becomes dark brown or black. The colonies are dense, velvety-powdery, with a distinct radial
structure and jagged edges. The colony diameter rapidly increases and can occupy a significant
portion of the Petri dish. The colony reverse is usually light, yellowish-beige, or almost colorless.

Microscopic examination reveals a well-developed, septate, hyaline mycelium. The conid-
iophores are long, smooth, and colorless, ending in a spherical vesicle. The vesicle is completely
covered with metulae and phialides, forming a radial structure. The phialides produce long chains
of darkly pigmented conidia, giving the conidial head its characteristic black color. The conidia
are spherical, rough-surfaced, and collected in dense radial heads.

Aspergillus fumigatus (Figure 1C and 1D) colonies on PDA medium are characterized by
rapid growth and a velvety surface. Young colonies are initially whitish, later acquiring a charac-
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teristic gray-green or olive-green color as conidia form. The colony surface is dense, sometimes
slightly folded, with jagged or slightly serrated edges. Colonies may form isolated areas of intense
sporulation. The colony reverse is usually pale yellow or cream.

Microscopic examination reveals thin, septate mycelium and smooth conidiophores ex-
tending from the substrate mycelium. A club-shaped or slightly rounded vesicle form at the apex
of the conidiophores. The phialides are arranged in a single row (uniserial) and cover only the
upper portion of the vesicle. The conidial chains form a compact columnar head. The conidia
are small, round, smooth or slightly rough, form long chains, and give the colonies their charac-
teristic green color.

The phylogenetic tree included the ITS sequences obtained in this study together with
reference sequences of Aspergillus species retrieved from the GenBank database.

Figure 2. Maximum likelihood phylogenetic analysis of Aspergillus species based on ITS
gene among the studied isolates and reference sequences

In the phylogenetic tree, isolates obtained in the present study are indicated by red cir-
cles and bold text. One isolate (PZ097651) clustered with reference sequences of A. fumigatus
(PX232454, MN588001, MZ452428, and KX090299), forming a clade corresponding to this
species. Another isolate (PZ097652) grouped with reference sequences of A. niger (KX664345
and PX658551), confirming its placement within the A. niger lineage.

Bootstrap values indicated moderate to strong support for several nodes within the tree.
To root the phylogenetic tree, Cordyceps ningxiaensis (KF309668) was used as an outgroup and

12 Ne2(155) JLH. ['ymunes amuindarul Eypasus yammuik ynusepcumeminiy XABAPIIBICHI. Buo102usiiblK FolablmMOap cepusicul
/2026 BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series
BECTHHK Espasuiickozo HQyuoHa1bHOo20 yHUsepcumema umeru J1.H. ['ymusesa. Cepust 6uosozudeckue HaQyKu



Molecular identification and diversity of Aspergillus storage fungi in chickpea seeds
from the Akmola region, Kazakhstan

is indicated by a blue triangle in the figure. The resulting topology clearly separated the analyzed
isolates into distinct clades corresponding to recognized Aspergillus species.

Discussion

The phylogenetic analysis based on the ITS1 region confirmed that the fungal isolates ob-
tained from chickpea seeds belong to the species Aspergillus fumigatus and Aspergillus niger. Both
species are widely distributed saprophytic fungi commonly associated with stored agricultural
products and are frequently reported as storage contaminants of grains and legumes [24, 25].

Species of the genus Aspergillus are well known for their ability to colonize seeds during
post-harvest storage, particularly under conditions of elevated humidity and temperature [26].
Consequently, the isolation of A. niger and A. fumigatus from chickpea seeds indicates post-har-
vest fungal proliferation rather than active field infection. Similar findings have been reported in
previous studies investigating fungal contamination of stored legumes and cereal grains [27, 28].

The detection of these species in chickpea seeds is also important from a food safety
perspective. Several Aspergillus species are known to produce allergenic spores and secondary
metabolites that may affect human health [29]. Consumption or inhalation of fungal spores may
trigger allergic reactions or respiratory symptoms in susceptible individuals [30]. Beyond direct
health implications, the contamination of chickpea batches by potential mycotoxin-producing
Aspergillus strains represents a significant economic barrier.

As chickpea cultivation expands in Central Asia to meet growing global demand for plant-
based proteins, adherence to strict international phytosanitary frameworks - such as the strin-
gent mycotoxin limits enforced by the European Union - becomes paramount. Consequently, the
identification of these specific storage pathogens is not merely a localized quality control issue,
but a fundamental step in ensuring the export viability of regional agricultural commodities.
Therefore, rigorous molecular monitoring of Aspergillus species in stored legumes is essential
for maintaining food safety and mitigating health risks. Moving forward, addressing this con-
tamination requires a shift toward integrated, agroecological storage management. Rather than
relying on chemical fungicidal treatments, which may compromise organic certification and con-
sumer safety, strategies should prioritize holistic environmental control. Implementing advanced
moisture monitoring, optimizing natural aeration systems to disrupt condensation cycles, and
exploring the application of bio-based fungal inhibitors or antagonistic microbial agents offer
promising, sustainable pathways to enhance the resilience and safety of stored chickpea crops.

Conclusion

This study successfully utilized ITS rDNA sequencing to identify Aspergillus niger and
Aspergillus fumigatus as prominent storage contaminants in chickpea seeds cultivated in the
Akmola region of Kazakhstan. The isolation of these opportunistic saprophytes underscores
a critical vulnerability in current post-harvest storage conditions, where fungal proliferation
threatens the economic and export viability of the crop while posing significant health risks due
to potential allergenic and mycotoxigenic contamination. To ensure the safety and quality of these
vital agricultural commodities, it is imperative to implement rigorous molecular phytosanitary
monitoring. Ultimately, mitigating these post-harvest losses requires a paradigm shift away from
conventional chemical treatments and toward integrated, agroecological storage management.
Future strategies must emphasize the adoption of sustainable agricultural technologies, such as
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utilizing bio-based fungal inhibitors and optimizing natural environmental controls, to sustainably
enhance crop resilience and ensure food safety.
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Ka3sakcTraHHbIH AKMOJIa 06/IBICBIHAAFbI HOKAT TYKbIMAApbIHAAFbl Aspergillus cakTay
CaHbIpayKyJ/IaKTapbIHbIH MOJIEKY/IAJbIK, UAeHTUPUKALUSCHI )KIHE dPTYPJIijiri

P.C. YaxuT!, A.M. C™marynoBa?, A.C. A6aur?, B.C. Kusan*, K.A. llocem6aeB™

1245 BuoapmypAinik d#caHe 2eHeMUKA/IbIK pecypcmap 3epmxaHdachbl,
Y¥ammuobik 6uomexHosoz2usi opmasvwirsl, AcmaHa, KazakcmaH
3)KapambulibicmaHy FolabIMOAPbIHbIH HCOFAPLI MeKMeoi,

AcmaHa xanviKapaaslK yHugepcumemi, Acmana, Kazakcmax
SBuomexHo.102usl JHaHe MUKpOBUO.102Usl Kaghedpachl,

JLH. I'ymunes amviHdarbsl Eypa3usi yimmuiK yHugepcumemi, Acmana, KazakcmaH

AnpgaTtna. Hokat (Cicer arietinum L.) - eriH )KMHay/JaH KeHliHTi canachl )KMi ONNOPTYHUCTIK
caKTay CaHblpayKyJlaKTapbIMeH TOMEeH/IeTiH, MUKOTOKCHH/EPMEH JIaCTaHyblHA Oal/IaHbICThI
3KOHOMHUKaVJIBIK, IIbIFbIHAPFa KoHe JleHcay/IbIKKa 9/1eyeTTi Kayill TeH/[ipeTiH MaHbI3/bl OyplIaK
Jlakblibl. OHBIH ayblIIIapyallblIbIK MaHbI3bIHA KapaMacTaH, KazakcTaHia HOKAT TYKbIM/IapbIH
3aKbIMJAUTBIH CaKTay CaHblpayKyJaKTaphl TypaJbl aKnapaT LeKTeyJli KyHhae KaJabll OThIp. by
3epTTeyAiH MaKcaTbl AKMoJia 00JIBICBIH/A 6CipiireH HOKAT TYKbIM/IapblH JIaCTaUTbIH Asper-
gillus TypJiepiH 6eJiin any xoHe aHbIKTay 60J1bl. KeprinikTi aybliapyalbliblK, eHipiciHEH
asibiHFaH 200-1€eH acTaM TYKbIM yJrijiepi 6aFrasaHabl. bBacTankbl MUKPOOHOJIOTUSJIBIK, TaJ 1Ay
MeH MUKPOCKONHUSJIBIK 3epTTey/ieH KeliH pubocoManblK JJHK-HBIH ilIKi TpaHCKpUNLKATIaHATBIH
cnericepi (ITS) aiimarbiH aMmIInUKALUANAY )KoHE CEKBEHUPJIEY apPKbL/Ibl HAKThI MOJIEKYJIA/IbIK
UJeHTUOUKALMSA XKacabl. AJIbIHFaH Ti36eKTep/liH puIoreHeTUKABIK TaAAaybl eKi TypJi TYPAiH;
Aspergillus niger xoaHe Aspergillus fumigatus 6ap ekeHiH pacTtazbl. Ocbl 6apJibIK XKep/ie TapajfaH
canpoUTTePZiH 06J1iHIN albIHYbI )KePTiJiKTi KIMMaTTbIK GpaKTOpJap MeH KoMMa MUKpPOK/IUMa-
Thl 9CEPiHEH YIIbIFATbIH, €TiH XKUHAy/JaH KeHiHTi caHblpayKyJaKTap/AblH alTapJibIKTall KebewiH
KepceTesi. by HoTHKeslep aMaKThIK eriH )KWHay/JaH KeliHri MHQpaKypblIbIM/IaFbl MaHbI3/bl
OCaJIIbIKThI KOpPCETE/1i )koHe KaTaH, GUTOCAHUTAPHUSJIBIK MOHUTOPUHT KQXKETTI/IriH 6aca alTazpbl.
’KakcapTbliFaH, TYpaKThbl CaKTayZAbl 6acKapy CTpaTerusiJlapblH €Hri3y caHblpayKyJlaKTapMeH
JIaCTaHy/lbl a3aUTY K9He KePriiKTi ayblIapyallbl/IbIK 6HIMAEPiHiH Kayinci3AiriH KaMTaMa-
CbI3 €Ty YIIiH 6Te MaHbI3/bl.

Ty#iH ce3gep: Cicer arietinum, caKkTay caHbIpayKyJlaKTapsbl, Aspergillus niger, Aspergillus
fumigatus, ITS p/IHK, duTocaHuTapUsabIK MOHUTOPHHI, €TiH XKUHayAaH KeUiHri cana
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Molecular identification and diversity of Aspergillus storage fungi in chickpea seeds
from the Akmola region, Kazakhstan

MouiekynsapHasa uaeHTUGHUKALUA U pa3HOOGpa3ye rpu60B XpaHEeHU
Aspergillus B cemeHax HyTa B AKMOJIMHCKOH 06J1acTu Ka3axcraHa

P.C. YaxuTt!, A.M. C™marynoBa?, A.C. A6am?, B.C. Kuan*, K.A. [llocem6aeB”™

1245 Jlabopamopust 6UOpa3HO06paA3Usl U 2eHemuUYecKUXx pecypcos,
HayuoHaavHblll yeHmp 6uomexHoozuu, Acmawna, Kazaxcman;
3Boicuiast wWKo/1a ecmecmeeHHbIX HaYK,
MedcdyHapodHnblii yHusepcumem AcmaHa, Acmana, Kazaxcmah;
SKagpedpa 6uomexHosozuu u Mukpobuosozuu, Eepazutickuii HayuoHa/bHbIl yHUBepcumem
umeHnu JI.H. I'ymuneea, Acmana, Kazaxcmau

AuHoTauus. HyT (Cicer arietinum L.) - BakHasi 3epHO0000Basi KyJIbTypa, 0cjaey60poy-
HO€e KaueCTBO KOTOPOU YaCTO CHMUXKAETCS U3-3a ONNOPTYHUCTUYECKUX TPUOOB XpaHEHHs], UTO
NPUBOJUT K 9KOHOMUYECKUM NOTEPSAM U MOTEHIMAJIbHbIM PUCKaM /J1Jisl 3/J0POBbsI B CBSI3U C
KOHTaMHUHalMeld MUKOTOKCMHAaMU. HecMOTps1 Ha ero cesibCKOX03s1MCTBEHHOE 3HaYeHue, UHQOop-
Malus o rpubax XxpaHeHHUs], IopaXKallUX ceMeHa HyTa B KazaxcTaHe, ocTaeTcsl orpaHUYeHHOM.
llesib1o JAaHHOTO KUCC/IEeJOBAaHUSA ObLIO BblieJieHUE U U eHTUPUKaLus BUJ 0B Aspergillus, KoH-
TaMUHUPYIOLIMX CEMeHa HYTa, BbIpallleHHOr0 B AKMOJIMHCKOM 06J1acTU. BbL10 o1jeHeHo 6oJiee
200 o6pa310B ceMsH, MOJy4YeHHbIX U3 MECTHOTO CeJIbCKOX035MCTBEHHOI 0 NPOXU3BO/CcTBA. [lo-
cJie IepBUYHOT0 MMKPOOHOJOTUYECKOT0 aHa/IM3a U MUKPOCKOITUYECKOI0 MCC/Ie/J0BaHUsA Oblia
NpoBeJieHa TOYHasi MOJIeKyJIsipHas UAeHTUPUKALUSA TyTeM aMIVIMPUKALIMK U CEKBEHUPOBaHUS
peruoHa BHyTpeHHero TpaHckpubupyemoro cnercepa (ITS) pubocomuoit IHK. ®unoreneru-
YeCKMU aHaJIU3 NOJIyYeHHbIX M0CJAe/[0BaTe/bHOCTEN NOATBEPAU HAJTUUUE ABYX PAa3JIUYHbBIX
BUJI0B: Aspergillus niger v Aspergillus fumigatus. BolgesieHre 3THX MOBCEMECTHO pacnpocTpa-
HEHHBIX CAalpOPHUTOB YKa3bIBaeT HAa 3HAYUTEJIbHOE PAa3MHOXKEHUE N10CIeyOO0POYHbIX IPUOOB,
ycyry6J/sieMoe MECTHBIMU KJIUMAaTUYeCKUMU GaKTOPaMHU U MUKPOKJIMMATOM XPaHUJIUIL. ITH
pe3y/IbTaThl BhISBJSIOT 3HAYUTENbHYIO YI3BUMOCTb B pETMOHAJIbHOU 10CIey60pPOYHON UH-
bpacTpyKType ¥ NoA4EPKUBAIOT HEOOXOJUMOCTb CTPOTOro GUTOCAHUTAPHOTO MOHUTOPHUHTA.
BHespeHue yyUllleHHbIX, YCTOMYUBbBIX CTpAaTerui yrpaB/ieHHs XpaHEHHEM UMEET pellaloliee
3HauYeHHe JIJIs1 CHIXKeHHUsI TPUOKOBOM KOHTaMUHALMU U o6ecrieyeHusi 6e30MacHOCTU MECTHOM
CeJIbCKOX03IMCTBEHHOM NPOAYKI U H.

KiroueBsle cioBa: Cicer arietinum, rpu6sl XxpaHeHnus, Aspergillus niger, Aspergillus fumi-
gatus, ITS p/IHK, duTocaHUTapHBI MOHUTOPUHT, 10CJEYH60POYHOE Ka4eCTBO
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