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ABSTRACT

This study presents the first confirmed report of Alternaria alternata and Rhizopus arrhizus as causative agents of seedling
wilt and death in sunflower (Helianthus annuus) in Kazakhstan. During phytopathological examination of seeds from four
sunflower hybrids, characteristic fungal colonies were identified through morphological and molecular methods, including
ITS sequencing and PCR amplification of Alt al and calmodulin genes. Symptoms of brown spots, desiccation, and gray mold
were observed, with re-inoculation tests confirming pathogenicity. Phylogenetic analysis revealed a 91-98% similarity with
known Alternaria and Rhizopus species. This research emphasizes the importance of monitoring imported seed material and
implementing integrated disease management strategies. The findings contribute to understanding phytopathogen diversity in

the region and inform recommendations for disease prevention in sunflower cultivation.
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1 INTRODUCTION

Sunflower (Helianthus annuus) is one of the key oilseed
crops in Kazakhstan. Its productivity and oil quality are of
significant importance to the country’s agricultural sector.
However, various phytopathogens, including fungi of the gen-
era Alternaria and Rhizopus, can substantially reduce both
yield and product quality. In recent years, interest has grown
in studying the impact of Alternaria alternata and Rhizopus
arrhizus on sunflower.

Alternaria alternata as a Sunflower Pathogen. Alternaria
alternata is a widespread phytopathogen affecting numerous
agricultural crops, including sunflower. In Kazakhstan, alter-
nariosis manifests as brown lesions on leaves, stems, and ca-
pitula, leading to reduced photosynthetic activity and ulti-
mately decreased yield. The disease is favored by warm and
humid weather conditions. According to Syngenta, the spe-
cies 4. zinniae, closely related to A. alternata, produces dan-
gerous mycotoxins such as alternariol and altenuene, empha-
sizing the importance of controlling this pathogen [1].

Alternaria alternata and other species in the genus Alter-
naria are major causative agents of foliar spots and other sun-
flower diseases. These infections are widespread globally, in-

cluding in Russia, South Africa, China, Greece, and Iran. The
fungi infect sunflower at all developmental stages, causing
leaf spotting, capitulum rot, yield reductions of up to 80%,
and lower oil content in seeds [2].

The identification of Alternaria spp. involves both mor-
phological and molecular methods. Pathogens are cultured
on selective media for morphological examination and fur-
ther analyzed using molecular markers such as histone H3
and ribosomal RNA genes [3]. Sequencing of the ITS region
of rDNA has enabled the identification of genetically diverse
populations of these fungi [4].

Thus, Alternaria spp. represent a significant threat to sun-
flower crops, and their effective management requires an in-
tegrated approach utilizing modern scientific methods. In-
vestments in breeding, diagnostics, and disease control will
enhance sunflower resistance and reduce economic losses.

Rhizopus arrhizus and Its Impact on Sunflower. Rhizopus
arrhizus (syn. R. oryzae) causes head rot in sunflower in var-
ious parts of the world, including Arizona, USA, and Hebei
and Xinjiang provinces in China. The disease is characterized
by water-soaked, dark brown lesions on capitula, leading to
premature drying and yield loss [5]. It typically appears at the
onset of maturity, with dark-brown rotting spots on the under-
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side of heads, often affecting large areas. The tissues become
hard and dry, with underdeveloped seeds, causing yield losses
of up to 30% or more [6].

At the same time, this fungus has demonstrated stress-alle-
viating properties, including thermal stress mitigation, through
the secretion of secondary metabolites (e.g., indole-3-acetic
acid and salicylic acid), which promote plant growth and im-
prove stress resilience. Endophytes enhance mineral uptake
(Ca, P, Mg) and increase phenolic and flavonoid content, act-
ing as antioxidants that protect plants from oxidative stress
[7].

The use of specific primers such as ITS1/ITS4 has enabled
accurate identification of Alternaria spp., Fusarium spp., and
Rhizopus spp. This method allows for rapid and precise patho-
gen determination. For example, Rhizopus arrhizus has been
identified in both China and the United States using this ap-
proach [8].

Effective sunflower disease management is possible
through a combination of chemical and biological control
methods supported by precise molecular diagnostics. The use
of endophytic fungi such as Rhizopus arrhizus may represent
a promising direction in sustainable agriculture. Developing
integrated plant protection strategies will help minimize crop
losses and enhance sunflower productivity.

The aim of this study is to identify and confirm the role
of Alternaria alternata and Rhizopus arrhizus as causative
agents of sunflower (Helianthus annuus) seedling wilting
and death in Kazakhstan and to propose recommendations
for their diagnosis.

2 MATERIALS AND METHODS

2.1 Seed Material

The seed material complied with the requirements of
GOST 12044-93 “Seeds of Agricultural Crops. Methods for
Determining Disease Contamination.” The study was con-
ducted on seeds of four sunflower (Helianthus annuus L.) va-
rieties collected from the North Kazakhstan region.

2.2 Mycological Analysis

For mycological examination, seeds were first washed un-
der running tap water for 1-2 hours and then surface-disin-

fected with 96% ethanol for 1-2 minutes. Following disin-
fection, the seeds were rinsed with sterile distilled water and
dried between sterile filter paper sheets. Ten seeds from each
variety were placed in Petri dishes containing Potato Dextrose
Agar (PDA) medium and incubated at 25-27 °C for 7-10 days
to promote fungal growth. The developing fungal colonies
were examined in a drop of water under a Zeiss AxioScope Al
microscope for preliminary identification of phytopathogens.

2.3 Seed Germination Test

Germination was assessed using the filter paper roll
method. Fifty seeds from each of the four samples were
washed under running water for 20-30 minutes and then dis-
infected in a 1% potassium permanganate (KMnOa) solution
for 10-15 minutes. After disinfection, seeds were rinsed thor-
oughly with sterile or freshly boiled water.

The seeds were arranged with their pointed ends facing
downward on a moistened strip of filter paper, placed 2 cm
from the upper edge. A second strip of moist filter paper was
laid over the seeds, and the layers were covered with a plas-
tic plate (correx) and rolled into a cylinder. The rolls were
placed into glass vessels, covered with glass lids to allow par-
tial air exchange, and incubated in a thermostat at 22-23 °C.
Seedlings were visually inspected on the 10th day of incuba-
tion, with a follow-up examination on day 14 if necessary.
To confirm the identification of gray mold pathogens, spor-
ulating fungal colonies were microscopically examined in a
drop of water.

2.4 Statistical Analysis

Statistical processing of experimental data was performed
using standard descriptive statistical methods in Microsoft Ex-
cel. Quantitative indicators included frequency of fungal in-
fection across different sunflower hybrids and growth stages.

3 RESULTS

Sunflower (Helianthus annuus L.) is the leading oilseed
crop in Kazakhstan. It accounts for up to 70% of the sown ar-
eas occupied by oilseeds and 85% of the gross harvest. There-
fore, monitoring seed quality for diseases is critical. In March
2024, a phytoanalysis of seeds of 4 sunflower hybrids of for-
eign selection was carried out before spring sowing. Sun-

Figure 1 — Morphological characteristics and growth features of the causative agent of Alternaria spp.: A — colonies after 7
days at 28°C on potato dextrose agar; B — Growth results in rolls on the 7th day (arrows indicate lesion sites).
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flower seeds of each hybrid (n = 15) were washed in 70%
ethanol for 5 min, and rinsed three times with sterile distilled
water. Seeds were placed on potato dextrose agar (PDA) and
incubated at 28°C for 7 days. Gray-brown colonies grew from
the seeds of one sunflower hybrid (Figure 1A). The sprouts
of the seeds and leaves were brown and dried out (Figure 1A
and 1B).

The fungus colonies had a light gray-whitish aerial myce-
lium. Conidia (n = 30) were pale to dark brown, and irregu-
lar and ellipsoid to ovoid conical. The conidia varied from 5
to 25 x 6 to 12 pm (n = 40) with longitudinal and transverse
septations (Figure 2A and 2B).

Figure 2 - Microscopic characters of Alternaria spp.
(mycelium and conidia) (A) and (B).

These morphological characters were previously described
and corresponded to Alternaria spp. [9, 10]. Within 3 to 7
days from the seeds of the other three hybrids, mycelial colo-
nies with abundant aerial growth (Figure 3A) and black spo-
rangia emerged (Figure 3B) and were identified as Rhizopus
arrhizus (R. oryzae) on the basis of the presence of pale brown
sporangiospores with bluish stripes [11]. The sporangia were
black, subglobose, and 42 to 178 um (n = 30) in diameter.
The sporangiospores were unequal, globose or subglobose,
and about 3.4 to 8.5 x 4.4 to 12.1 pm (n = 30) in diameter.

According to the results of the mycological analysis, out
of a total of 120 isolates, 57.5% (n = 69) were identified as 4/-
ternaria alternata, 31.7% (n = 38) as Rhizopus arrhizus, and
the remaining 10.8% (n = 13) belonged to saprophytic fungi
(e.g., Penicillium, Aspergillus). The difference in the isola-
tion frequency between Alternaria and Rhizopus was statis-
tically significant.

Genomic DNA was extracted from mycelium using the
liquid nitrogen and phenol-chloroform extraction method. A
568-bp product of the Alt al gene and a 472-bp product of
the calmodulin protein-coding gene in Alternaria pathogens
were amplified using the primer pairs Alt-for/Alt-rev [12]and
CALDFI1/CALDRI, respectively [13]. A 750 bp product of
the ITS region on rDNA in R. arrhizus was amplified using
following primer pairs ITS1/ITS4 [11]. The PCR reaction
was done in a SimpliAmp thermal cycler under the recom-
mended conditions. The sequencing was done using BigDye®
Terminator v3.1 Cycle Sequencing Kit and the sequence
was deposited in GenBank with accession nos. PP806899.1,
PP943179.1, and PP502936.1. The results showed that the
sequences of isolates were identical and had 91-98% identity
with those of related species (Figure 4-5).

The alignment was made based on the sequence of Alt al,
different Alternaria species, 6 different isolates derived from

A. alternata and A. tenuissima formed the largest clade with
98% similarity. A. solani, A. cretica and A. grandis formed a
small clade with 91% similarity. The isolates studied in this
work originated from a split clade with 98% similarity, sug-
gesting high genetic similarity between the two species.

The alignment was based on the ITS1 sequence for the
species Rhizopus arrhizus. The sample under study separated
from the last ancestor in sequence with a similarity of 91%.
The species R. microsporus, R. delemar and R. americanus,
which were added as reference isolates, formed a small clade
with a similarity of 74%.

The phylogenetic analysis was carried out with MEGA 11
[14]. To confirm the pathogenicity, week-old asymptomatic
sprouts from healthy seeds were inoculated with a suspension
of conidia by nebulization inoculation (1.0x106 conidia or
spores/ml; obtained from 2-week-old cultures). Control plants
were inoculated with sterile distilled water. The inoculated
plants were placed in climate chamber and incubated for 10
days at 28°C. Symptoms were developed in leaves and roots
of inoculated plants after 5 days. Symptoms of sprouts and
leaves were similar to those observed on naturally infected
plants, while control plants remained asymptomatic. Re-iso-
lation of the pathogen confirmed the presence of the 4. alter-
nata and R. arrhizus pathogens. To our knowledge, this is the
first report that sunflower seeds imported for cultivation in
Kazakhstan are infected with alternariosis and head rot patho-
gens. The results can provide the basis for tightening the rules
for importing sunflower seed into the country.

Figure 3 — Morphological characteristics and growth
features of the causative agent of Rhizopus arrhizus: A —
colonies after 7 days at 28°C on potato dextrose agar; B
— microscopic characters of R. arrhizus (mycelium and

sporangiospores); C — Growth results in rolls on the 7th day
(arrows indicate lesion sites).
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Figure 5 — Rhizopus spp. ITS. Red circle — isolates from
this study.

4 DISCUSSION

The fungus Alternaria alternata is widely distributed in
agroecosystems worldwide and is responsible for significant
yield losses in sunflower. A study by Zhang et al. (2020) con-
ducted in northern provinces of China revealed that 4. al-
ternata causes leaf spot and necrosis, resulting in yield re-
ductions of up to 35%. The authors also confirmed the high
aggressiveness of isolates and their resistance to certain fungi-
cides [15]. Similar results were obtained in India, where pro-
nounced morphological differences were observed among A/-
ternaria spp. isolates from various regions, indicating genetic
diversity and adaptation to environmental conditions [16].

Although Rhizopus arrhizus is a well-known phytopatho-
gen, particularly under high humidity conditions, recent stud-
ies have demonstrated its potential for use in biotechnology.
For instance, an isolate of R. arrhizus obtained from maize
exhibited antagonistic activity against other plant pathogens
(Fusarium oxysporum, Sclerotinia sclerotiorum) and stimu-
lated plant growth through the production of enzymes and
phytohormones. This highlights the potential of endophytic
strains of this fungus as components of sustainable agricul-
ture when properly selected and managed [17].

Modern approaches to fungal pathogen identification rely
on whole-genome and ITS-based analyses. According to re-
cent findings, amplification and sequencing of the ITS region
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of fungal DNA have demonstrated high accuracy in differenti-
ating Alternaria species, particularly in mixed infections [18].
For R. arrhizus, the effectiveness of a multigene approach us-
ing ITS, LSU, and ACT markers has also been confirmed,
which helps avoid misidentification [19]. These findings un-
derscore the importance of comprehensive diagnostics in sun-
flower seed quality control systems.

5 CONCLUSION

This study documents the first detection of Alternaria al-
ternata and Rhizopus arrhizus on sunflower sprouts in Ka-
zakhstan, confirming their pathogenicity through molecular
and morphological analyses. The results underscore the ne-
cessity of vigilant seed screening, especially for imported ma-
terials, and suggest adopting integrated diagnostic and control
strategies to protect local sunflower production from these sig-
nificant fungal threats.
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MHNEPBOE COOBIIEHUE O BbIABJIEHUU ALTERNARIAALTERNATA U RHIZOPUS ARRHIZUS KAK
BO3BYJIUTEJIEN YBSAJIAHUS U TUBEJHU IIOBETOB IMMOJICOJTHEYHUKA (HELIANTHUS ANNUUS) B
KA3AXCTAHE
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AHHOTALIUS

B HacrosiiemM Mccie0BaHuN BIEPBBIE MOATBEPKACHA pOib rpuboB Alternaria alternata v Rhizopus arrhizus xax
BO30yuTENeH yBsiianus U rudeny noderos noaconnednuka (Helianthus annuus) B Kazaxcrane. IIpu ¢puronaronormnueckom
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aHaJIM3€ CEeMSIH YeThIPEX TMOPHIOB MOICOIHEYHHKA ObUIM BBIACICHBI XapaKTepHbIe IPUOHBIC KOJIOHUH, WACHTH(OUIIMPOBaH-
HBIE C HCIIOJIB30BAaHHEM MOP(OJIOrNUYECKUX MPU3HAKOB U MOJIEKYJISIPHBIX METO/IOB, BKIIIOUas cekBeHnposanue [TS-pernona u
[LP-ammnpukanuio rernos Alt al u calmodulin. bein 3adukcupoBanbl cMITOMBI B BUie OYpbIX MSTEH, BHICHIXaHUS U CE-
Ppo¥i IIeCceHH; MOBTOPHAs: MHOKYJIALUS TOATBEPANIA TaTOreHHOCTh. PuitoreHeTndeckuit anainus nokasan 91-98% cxoncrso ¢
W3BECTHBIMU BUaamMu Alternaria v Rhizopus. ViccnenoBanne noauépkuBaeT HEOOX0ANMOCTh KOHTPOJIS Ka4eCcTBa UMIIOPTUPY-
€MOT0 IIOCEBHOTO MaTepHaja U BHEJAPEHUsI HHTEIPUPOBAHHBIX CTpaTeruii 3auThl pacreHnil. [loyueHHsle pesynbraThl cro-
coOcTByIOT OoJiee TyOOKOMY ITOHMMaHUIO OMOPa3HOOOpa3usi PUTONATOIEHOB B PETUOHE M MOTYT OBITh MCIIOJIb30BAHBI IS
MPOQUITAKTUKH 3a00JICBAHUH TO/ICOITHEYHHKA.

KuaroueBnie cinoBa: Helianthus annuus, Alternaria alternata, Rhizopus arrhizus, yeésoanue npopocmkos, Kazaxcmat, gu-
mocanumapHulil ananu3s, cekeenuposanue ITS, pumonamoeennvie epubdbL.

KA3AKCTAHJA KYHBAYBIC (HELIANTHUS ANNUUS) ©CKIHAEPIHIH COJIYbI
MEH )KOMUBITYBIHA ALTERNARIA ALTERNATA )KOHE RHIZOPUS ARRHIZUS
CAHBIPAYKYJIAKTAPBIHBIH CEBEIIKEP EKEHI TYPAJIBI AJIFAIIIKBI FBIJIBIMU MOJIIMET

Yaxur P.'*, Omepruna U.%, Ten E.2, CaBun T.2?

! ¥ammuix, 6uomexuonoaus opmanvieel, Acmana, Kazaxcman.

2 A. 1. Bapaes amvindazel acmvik wapyaublivlebl SbLIBIMU-0HOIpIcmik opmanvizel, Kasaxeman, Axkmona oonvicwl, Lllopmanov
ayoauul.
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TYWUIH

By 3eprrey Kazakcranna kyHOarbicThiH (Helianthus annuus) 6CKIHACPIHIH COMYbI MEH KOMBLTYbIHA ceOCTKep OOJaThIH
Alternaria alternata xoue Rhizopus arrhizus caHbIpayKyJIaKTapbIHBIH aJIFalll PET FHUIBIMU TYP/IC aHBIKTAIFAaHBIH KOPCETE/II.
KyHOarbICTBIH TOPT THOPUAIHIH TYKbIMBbIHA (DUTOIATOIOTHSUIBIK TaJJIAy JKYPrizy OapbIChIH/Ia MOP(OIOTHSIIBIK )KOHE MOJIe-
KyJIaJIbIK 9JIicTep apKbuibl, OHbIH imiHae ITS aitmarbiHbIH cexBeHupieyi xane Alt al, calmodulin rennepinin [1TP-Tannayst
apKBUIBI, TOH CaHBIPAYKYJIAK KOJOHHSIIAPbI aHBIKTAJIbI. OCIHIIEpIC KOHBIP JaKTap, Kypay jKoHe cyp Kerepy Oenriiepi Oaii-
KaJIJIbl; KaliTa XKYKTBIPY CHIHAKTHI MATOICHIUTIKTI pacTaapl. OUIOTeHETHKANBIK Tasfay Alternaria sxoue Rhizopus TybIcTac
typaepimeH 91-98% yKcacThIKTBI KepceTTi. by 3epTTey MMIOPTTHIK TYKbIM MaTepHasIbIHbIH (DUTOCAHUTAPIIBIK OaKbLIaybIH
KYUICHTY/IIH JKOHE O©CIMIIKTEP i KOPFay/IbIH KEIICH I apajapblH CHI13yAiH MaHbI3bLIBIFbIH aKbIHIANIbI. AJTBIHFAH HOTH-
KeJiep eHip/eri pUTonaToreH ik OpTYPILTIKTI TEPEHIPEK TYCIHYTe )KoHE KYHOAFbIC JaKbUTBIHBIH aypyJIapbIHbIH aJ/IbIH alyFa
Heri3 Ooabl.

Kinr cesnep: Helianthus annuus, Alternaria alternata, Rhizopus arrhizus, eckinniy conysi, Kazakcman, ¢pumocanumap-
i manoay, ITS cexeenupneyi, pumonamoeen canbipaykyiaKmap.
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