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Bacterial and Fungal Contamination during
Garlic (Allium sativum L.) Initiation in In Vitro Culture

The present study investigated bacterial and fungal contamination occurring during the establishment of gar-
lic (Allium sativum L.) in vitro cultures. The aim of the study was to assess the level of contamination in ex-
plants and evaluate the effectiveness of standard surface sterilization protocols. The scientific novelty of the
study lies in the first comprehensive assessment in Kazakhstan of bacterial and fungal contamination occur-
ring during the establishment of garlic in vitro cultures. The experiments demonstrated that conventional ster-
ilization methods, including ethanol and disinfectant treatments, did not ensure complete decontamination of
the plant material. Consequently, microbial contamination was observed at the early stages of cultivation, re-
sulting in partial or complete necrosis of explants and reduced efficiency of micropropagation. The degree of
contamination varied among garlic cultivars, suggesting an influence of genotype and the physiological con-
dition of the donor plants. Microscopic analysis indicated the predominance of fungal morphotypes consistent
with genera such as Fusarium, Penicillium, and Aspergillus, as well as the presence of diverse bacterial
microflora. However, accurate taxonomic identification of the contaminants requires further molecular genet-
ic analysis. The results demonstrate that microbial contamination remains a critical limiting factor for the
successful establishment of garlic in vitro cultures. Therefore, improved pre-treatment of plant material, op-
timization of sterilization protocols, and refinement of culture conditions are required. The practical signifi-
cance of the study lies in the development of more effective approaches to reducing contamination, thereby
increasing the success rate of micropropagation and facilitating the establishment of healthy in vitro collec-
tions.
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Introduction

Garlic (Allium sativum L.) is a vegetatively propagated crop, which facilitates the accumulation and
persistence of infectious agents in planting material. A significant proportion of phytopathogens may remain
latent during the growing season; however, they become activated during storage, leading to substantial post-
harvest losses [1].

According to numerous studies, the most common pathogens affecting garlic include fungi of the gene-
ra Fusarium, Penicillium, Botrytis, and Sclerotium, as well as bacteria belonging to the genera
Pectobacterium, Pantoea, and Pseudomonas [2, 3]. The species composition of pathogens and the degree of
infection vary depending on the soil and climatic conditions of the cultivation region.

A particular concern is the presence of latent internal infections that persist within bulb tissues. Even
when standard surface sterilization protocols are applied during the introduction of plants into in vitro cul-
ture, microorganisms localized in internal tissues may become activated and cause contamination of ex-
plants. This results in necrosis, tissue decay, and reduced efficiency of micropropagation [4, 5].

Fungal diseases, including fusariosis, penicilliosis, neck rot, and white rot, are among the main factors
reducing the quality of planting material during storage. The mycelium of pathogens can spread through the
vascular system of plants, block conductive tissues, and produce toxic metabolites, thereby intensifying de-
generative processes. Bacterial infections, in turn, are primarily manifested as soft rot affecting cloves and
the basal plate of bulbs [6].

Preventive measures, including quarantine, removal of infected plants, and control of natural vectors,
remain the primary strategies for limiting pathogen spread. Unlike other agricultural crops, where modern
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approaches to developing genetic resistance—such as transformation, genome editing, or cross-protection—
are applied, their use in garlic is restricted due to the lack of efficient regeneration systems.

Therefore, maintaining the phytosanitary purity of planting material relies primarily on pathogen elimi-
nation and the cultivation of healthy plants under controlled conditions. Since garlic is vegetatively propa-
gated and does not produce viable seeds, obtaining pathogen-free material is achievable through in vitro
methods, such as meristem culture, thermotherapy, chemotherapy, and cryotherapy [7, 8].

Bacterial contamination is typically manifested by turbid growth of the medium, unpleasant odors, and
meristem necrosis [9]. Fungal contamination appears as mycelial growth on the surface of the substrate or
plant tissues, which also leads to the death of explants. The primary sources of contamination are endophytic
microorganisms residing within garlic cloves, as well as spores of microorganisms present on
the surface [10-12].

Several approaches are employed to minimize the risk of contamination, including meticulous steriliza-
tion of the starting material, the use of antimicrobial agents, careful control of culture conditions, and the
selection of cultivars with high resistance to infections. Despite these measures, contamination remains a
significant challenge, affecting the efficiency of garlic micropropagation and the quality of the resulting in
vitro collection. Therefore, addressing bacterial and fungal contamination is a key aspect of successful garlic
introduction into in vitro culture and requires an integrated approach using modern sterilization techniques
and microorganism control methods [13, 14].

Effective contamination management is essential for establishing a healthy in vitro garlic collection,
particularly when working with infection-sensitive cultivars, and for the subsequent application of
micropropagation in breeding and biotechnological programs [15, 16]. Consequently, a comprehensive in-
vestigation of bacterial and fungal contamination in garlic planting material following low-temperature stor-
age, prior to its introduction into in vitro culture, is highly relevant.

Experimental

The study was conducted in the biotechnology laboratory of the “Potato Breeding, Seed Production,
and Biotechnology” Department at the Kazakh Research Institute of Horticulture, Branch “Kainar”, during
2024-2025.

Three garlic (Allium sativum L.) cultivars “Arman”, “Zailiyskiy”, and “Dunganskiy” were used as re-
search objects. Visually healthy cloves were selected for in vitro culture, and the basal plate portion was used
as explants.

The plant material was stored in a dry environment at approximately 10 °C for 7-8 months prior to the
experiment. Culture initiation was carried out under aseptic conditions in a laminar flow cabinet.

All manipulations were performed under aseptic conditions using a laminar airflow cabinet (ESCO,
Singapore). Sterilization was carried out using an autoclave (Tuttnauer, Germany) at a temperature of
121 °C, a pressure of 1.1 atm, and an exposure time of 20 min to ensure complete sterility of culture media
and instruments. Microscopic analysis was conducted using a light microscope (Olympus, Japan).

Sterilization of the plant material was performed in two stages. The first stage involved the removal of
external contaminants: washing the plant material in running water for 30—60 min, soaking the cloves in a
10 % solution of household soap for 40-60 min, followed by rinsing in running water and immersion in a
0.1 % potassium permanganate solution for 15-20 min.

The second stage was performed under laminar flow conditions and included surface sterilization of ex-
plants with 70 % ethanol for 30 s, followed by immersion in 1 % sodium hypochlorite solution for 20 min,
and subsequent rinsing three times with sterile distilled water. This sterilization protocol was applied to re-
duce external microbial contamination and ensure aseptic conditions for in vitro culture initiation [17, 18].

The experiment was conducted in three biological replicates, each comprising 13-15 explants. Explants
were cultured on Murashige and Skoog (MS) medium supplemented with 3 % sucrose and 0.7 % agar, ad-
justed to pH 5.8. Cultures were maintained at 24 + 2 °C under a 16/8 h photoperiod with a light intensity of
40-50 umol m™2 57",

Contamination levels were assessed on days 3, 7, and 14 of cultivation. Statistical analysis was per-
formed using Microsoft Excel. Data are presented as mean values calculated from replicates. Microorganism
identification was carried out based on morphological characteristics using diagnostic keys; however, the
results are considered preliminary and require confirmation by molecular genetics methods.
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Microorganism identification was additionally performed using light microscopy and requires further
validation by molecular techniques, including PCR analysis using 16S rRNA markers for bacteria and ITS
regions for fungi.

The percentage of contamination was calculated as the ratio of contaminated explants to the total num-
ber of cultured explants. Results are presented as mean + standard deviation. Differences among cultivars
were analyzed using analysis of variance (ANOVA), followed by Tukey’s post hoc test to determine statisti-
cally significant differences (p < 0.05). Each experiment was conducted in three biological replicates.

Results and Discussion

The introduction of cloves from the “Arman”, “Zailiyskiy”, and “Dunganskiy” garlic cultivars into in
vitro culture revealed that explants contamination by various phytopathogens was observed within the first
week. Bacterial growth was detected by day 3, while fungal pathogen development became evident after 6-7
days (Fig. 1).

Table 1
Contamination Levels of Explants of Different Garlic Cultivars
Ne Garlic Total Number N:Jnr]gt():igdof Fusarium, |Penicillium,|Aspergillus,| Pseudomo- | Total In-
B Cultivar of Explants % % % nas, % fected, %
Explants
1 Arman 45 35 64.5 14.2 9.1 12.1 77.8
2 Zailiyskiy 44 29 25.4 28.7 13.0 31.0 65.9
3 | Dunganskiy 41 28 26.3 32.1 9.2 33.2 68.5

The results presented in the table characterize the structure of microbial contamination of garlic ex-
plants by cultivar and allow for the assessment of the contribution of individual pathogen groups to the over-
all level of infection. The analysis included fungi of the genera Fusarium, Penicillium, and Aspergillus, as
well as bacteria of the genus Pseudomonas. The indicators reflect the relative prevalence of the identified
microorganisms and their share in the total infection of the studied samples.

The highest proportion of infected explants was observed in the “Arman” cultivar, which is associated
with the particular internal tissue structure and the accumulation of pathogens during storage. Overall, differ-
ences in cultivar sensitivity to fungal and bacterial infections were noted.

Fungi of the genera Fusarium, Penicillium, and Aspergillus, as well as bacteria of the genus Pseudomo-
nas, were detected in the garlic explants. In the “Arman” cultivar, Fusarium (64.5 %) and Pseudomonas
(12.1 %) predominated. In the “Zailiyskiy” cultivar, Penicillium (28.7 %) and Fusarium (25.4 %) were the
main fungal pathogens, while Pseudomonas bacteria accounted for 31.0 % of contamination. In the
“Dunganskiy” cultivar, the most frequently observed microorganisms were Penicillium (32.1 %), Fusarium
(26.3 %), and Pseudomonas (33.2 %).

The observed differences in pathogenic microflora composition are associated with the biological traits
of the cultivars. Cultivars with less developed aerial bulbs and weak scape formation tend to accumulate
higher levels of fungal and bacterial infections in their internal tissues (Fig. 2). Despite rigorous surface steri-
lization, internal infections persisted and became apparent in the explants during in vitro culture (Tab. 2).

Table 2

Average Percentage of Bacterial and Fungal Contamination of Garlic Explants

Bacterial Contamination Fungal Contamination
Ne Garlic Cultivar (Pseudomonas), (Fusarium + Penicillium + Aspergillus),
% = SD % + SD
1 Arman 12.1+1.0 87.8+2.5
2 Zailiyskiy 31.0 £2.0* 65.9 +2.0*
3 Dunganskiy 33.2+1.8* 68.5 £2.1*

*Differences were considered statistically significant at p < 0.05.
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The obtained results indicate the persistence of latent microbial infections in garlic planting material,
which become evident at the early stages of in vitro culture (Fig. 1). Contamination levels varied among cul-
tivars, which should be taken into account when organizing micropropagation and the sanitation of planting
material.

I'l'|'l'|'l'|'I'|'I'|'I'l'I‘|‘l‘l'l'|'I'l'!'['I'|‘l'|'l'l'l'|'I'I'I'|'I'|'I'|'I'I'l'|'l'l'l'|‘l'|
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Figure 1. In vitro culture of garlic showing Penicillium contamination. Scale bar = 0.1 cm

In Figure 2A, colonies of Penicillium can be observed developing in the lower part of the plant material,
indicating partial contamination. This highlights the necessity of thorough sterilization and strict control of
explant cleanliness during in vitro culture.

In Figure 2B, branched conidia and the characteristic mycelium of Penicillium are visible, confirming
contamination at the cellular level. This image emphasizes the need for strict control of medium sterility and
careful material sterilization prior to culture initiation.

In Figure 3, sickle-shaped multicellular macroconidia of Fusarium isolated from infected garlic
(Allium sativum L.) tissues are shown. The conidia exhibit an elongated, curved shape with 3-5 transverse
septa, tapered ends, and a hyaline structure. The observed morphological characteristics are typical of
Fusarium species and confirm the fungal nature of the infection.

Figure 2. Microscopic image of Penicillium colonies on a garlic (Allium sativum L.) explant in in vitro culture.
(A) Fungal structures observed on explant surface. (B) Abundant fungal hyphae and spores indicating contamination.
Magnification x600. Scale bar = 10 um
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Figure 3. Macroconidia of Fusarium isolated from infected garlic (Allium sativum L.) tissues.
Magnification x600. Scale bar = 10 pm

These results are consistent with previous studies indicating the widespread occurrence of latent infec-
tions in garlic planting material. The higher contamination levels observed in certain cultivars may be asso-
ciated with anatomical features of the tissues, as well as prolonged low-temperature storage, which promotes
the development of hidden microflora. At the same time, the incomplete decontamination following surface
sterilization suggests possible localization of microorganisms within internal tissues; however, additional
studies, including isolation of pure cultures, are required to confirm the endophytic nature of the infection.

The results obtained indicate that contamination of garlic explants becomes apparent at the early stages
of in vitro culture, which is consistent with previous studies reporting the widespread occurrence of latent
infections in vegetatively propagated crops. The early onset of bacterial contamination (by day 3) followed
by the subsequent development of fungal microflora reflects the different growth dynamics of microorgan-
isms under in vitro conditions.

The observed predominance of fungi of the genera Fusarium, Penicillium, and Aspergillus, as well as
bacteria of the genus Pseudomonas, aligns with literature data on the most common garlic phytopathogens
associated with storage and subsequent cultivation. This confirms that even visually healthy planting materi-
al may harbor latent infections.

Differences in contamination levels and structure among cultivars suggest a possible influence of plant
genotypic characteristics, including tissue anatomy, density of protective layers, and their permeability to
microorganisms. Additionally, prolonged storage at low temperatures may have contributed to the persis-
tence and partial activation of latent microflora.

It was established that the application of the standard surface sterilization protocol does not ensure
complete decontamination of explants. This suggests a likely localization of microorganisms within internal
tissues (endophytic infection), which are inaccessible to sterilizing agents. Similar conclusions have been
reported in studies on the cultivation of garlic and other vegetatively propagated crops.

It should be noted that microorganism identification in this study was based on morphological charac-
teristics, which limits the accuracy of taxonomic assignment, particularly for bacterial microflora. Therefore,
further research should focus on molecular-genetic identification using PCR and sequencing methods.

A limitation of the present study is the relatively small sample size and the descriptive nature of the sta-
tistical analysis, which does not allow a full assessment of the significance of differences between cultivars.
Nevertheless, the obtained data provide a general overview of contamination structure and can serve as a ba-
sis for further investigations.

The practical significance of this work lies in the necessity of considering the identified contamination
features when developing protocols for introducing garlic into in vitro culture. Promising directions include
optimization of sterilization schemes, including the use of combined methods (thermotherapy, antibiotics,
fungicides), as well as the preliminary selection of planting material with a low level of infection.

Thus, the results of this study confirm the complex and multifactorial nature of contamination during in
vitro garlic cultivation and highlight the need for a comprehensive approach to address this issue.
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Conclusion

The conducted study demonstrated that garlic planting material of the “Arman”, “Zailiyskiy”, and
“Dunganskiy” cultivars harbors latent microbial infections, which persist in bulb tissues after prolonged stor-
age and become apparent upon introduction into in vitro culture.

It was established that the use of a standard surface sterilization protocol does not ensure complete de-
contamination of explants, as evidenced by the high levels of contamination observed at early stages of culti-
vation. The microbial community was dominated by fungi of the genera Fusarium, Penicillium, and
Aspergillus, as well as bacteria of the genus Pseudomonas, indicating the complex nature of the infection.

The study showed that the level and composition of contamination vary depending on the cultivar,
which should be considered when developing protocols for micropropagation and sanitation of garlic plant-
ing material.

The obtained results have practical significance for plant biotechnology and highlight the need to im-
prove the preparation of planting material, including optimization of sterilization procedures and implemen-
tation of additional decontamination strategies.

Future work should focus on molecular-genetic identification of microorganisms and expansion of the
sample size to increase the reliability of the results.
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K.M. Maraii, C.K. /Ixxanrtacos, I.M. O6parumoBa

Capsivcakrsl (Allium sativum L.) in vitro makplibiHa eHri3y ke3ingeri
0aAKTEePHUSIBIK KOHE CAHBIPAYKYJIAKTBIK KOHTAMUAHALMS

3eprrey sxymbicbiHaa capbiMcakTsl (Allium sativum L.) in vitro maxputsiHa eHrisy GapbIChIHIA TYBIHIAWTHIH
GaKTePHSIIBIK JKOHE CaHBIPAYKYJIAKTHIK KOHTAMHMHALIMS 3epTTENAl. 3epTTeyaiH MaKcaThl — SKCIUIAHTTapIaFbl
KOHTaMHHAIIMS JICHIeiliH OaFanay skoHe CTaHIapTThI OETKi CTEPHIN3AMIAY TPOTOKOIAAPBIHBIH THIMIUIITIH
aHBIKTAY. 3ePTTEY/IiH FHUIBIMH )KaHAIBIFbl — Ka3zaKkcTaH/a ajFalll peT capbIMCAKThI iN Vitro TakblIbiHA SHTI3Y
Ke3iHJIe Ke3/IeCeTiH OAKTepUsUIBIK JKOHE CAHBIPAYKYJIAKTHIK KOHTAMUHAIMSAFA KEIICHAl Oaranay >Kypri3isiii.
Taxipubenep HOTIDKECIHIEC ASTAHOJIMEH J>KOHE Je3MH(EKUMsIIayIbl epiTiHAIepMeH OHJIey[l KaMTHUTHIH
JIOCTYPJTI CTEPUIIM3ALUS QICTEPi OCIMIIK MaTepUAIIBIH TOJIBIK 3aJ1aJIChI3IaHIBIPY/bl KAMTAMAaChl3 €THECHUTIHI
anbIKTanabl. COHBIH CajapblHAH OcipydiH OacTamkbl Ke3CHICPiHAC MHKPOOTHIK HHQEKIMS JaMBbIl,
SKCIUIAHTTapAbIH JKapThUIall HEMece TOJIBIK HEKPO3bIHA JXKOHE MHUKPOKIOHANBIBl KOOEHTY THIMIUTITiHIH
TeMeHzeyiHe okenmi. KoHTaMuHamus JEHTeHiHiH capbIMCaK COpTTapblHa OaiflaHBICTBI  ©3TepeTiHi
aHBIKTANABL, OYJ MOHOP OCIMIIKTEepIiH TeHOTUII MeH (HU3HONOTHSUIBIK KYHIiHIH OCepiH KepceTei.
MHuKpOCKONMSUTBIK ~ Tanmay HoTwkeciHme Fusarium, Penicillium, Aspergillus TtysicTapbina sxataTei
CaHBIpAayKYJIaKTap/AblH 0acblM eKeHi, CoHpmaii-ak opTypii OakTepHsulblK MHUKpodIopaHBlH 0ap ekeHi
aHBIKTANIBL. J[ereHMeH KOHTaMHHAHTTapJbl HAKTHl aHBIKTAy YIIiH KOCBIMIIA MOJIEKYJAIbIK-TeHETHKAIBIK
3epTTeyJep JKYPrizy Kaxker. AJBIHFAH HOTHKEJIEP KOHTAMUHAIMSHBIH CApbIMCAKTHI iN VItr0 JaKpUIbIHA COTTI
eHri3yzeri Herisri mekreynni ¢axropnapasiy Oipi Oosbin Kaiga OepeTiHiH kepceTti. OcbFaH OaiIaHBICTBI
oCIMIK MaTepHalblH alIblH aja eHJey OAICTepiH JKeTiAipy, COHAal-aK CTepHIN3aLHsIay POTOKOIIAPHI
MEH ecipy JKar[aillapblH OHTaHIaH/ABIPY KaKET. 3epTTeyAiH NMPaKTUKAJIbIK MaHBI3IbUIBIFBl — KOHTAMHHA-
[USTHBI a3aiTYIBIH THIMAI TOCUIIEPIH 93ipiey apKbUIBI MUKPOKIOHAIBIBI KOOCUTY THIMALUIITIH apTTHIPY JKOHE
cay in Vitro koJyuiekuusap Kypy MyMKiHAINIMEH CHIIaTTalaIbl.

Kinm coz0ep: capeimcak, Allium sativum L., in vitro, MUKpOOTHIK KOHTAMUHALIMSA, SKCIUTaHTTap, Fusarium,
Penicillium.
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BakTepuanbHasi u rpudKoBasi KOHTAMHHAIUS PU BBeIeHUH YeCHOKA
(Allium sativum L.) B kyabTypy in vitro

B HacTosIeM HCCIICIOBaHUY H3yYanach OaKTepHallbHas ¥ rpuOHas KOHTaMUHALUS, BO3HUKAIOIIAsK [IPH BBE-
neHuu yecHoka (Allium sativum L.) B kyneTypy in Vvitro. I{enpto paboThl SBISUIACH OLICHKA YPOBHSI KOHTAMU-
HAaIMH SKCIUIAaHTOB, a TAKXe onpesencHue 3GGpEeKTUBHOCTH CTAaHIAPTHBIX MPOTOKOJIOB MOBEPXHOCTHOM CTe-
pumsanui. HaydHass HOBH3HA HCCIICIOBAaHHS 3aKJII0YaeTCs B TOM, 4YTO BrepBble B KasaxcraHe mpoBeneHa
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KOMILUIEKCHAS OLICHKA OaKTepUaIbHOM U TPHOHOM KOHTAMUHALIMY IIPH BBEACHUH YECHOKA B KYJIBTYPY in Vitro.
B xo0/e 3KCIIEPUMEHTOB YCTaHOBJICHO, YTO TPaJUIIMOHHBIC METO/BI CTEPHIIN3ALMH, BKIIOUas 00paboTKy 3Ta-
HOJIOM M JIe3MH(QUIMPYIOIUMH PacTBOpaMH, HE 00ECHEYMBAIOT IOJHON AEKOHTAMHMHAIIMM PACTHTEIBHOTO
Matepuaia. B pesynpTaTe Ha paHHHX dTanax KyJIbTHBUPOBAHHS HAaOIIOAANOCh Pa3BUTHE MUKPOOHOH HH(pEK-
MM, IPUBO/SIIICE K YACTHYHOMY HIIM HIOJTHOMY HEKPO3y 3KCIUIAHTOB U CHIDKCHHIO 3()(HEKTHBHOCTH MHKpPO-
KJIOHAJBFHOTO Pa3MHOXKEHHS. Y CTaHOBJICHO, YTO CTCIICHb KOHTAMHHAIIMK BapbHPYyET B 3aBUCHMOCTH OT COpPTa
YEeCHOKA, YTO CBUJCTENBCTBYET O BIMSHUY I€HOTHUIA U (H3HOJIOTHYECKOTO COCTOSIHUS JOHOPHBIX PACTEHHH.
MUKpPOCKONUYECKHI aHaIn3 BBISIBUI Mpeobiananue rpubos pogos Fusarium, Penicillium u Aspergillus, a
TaKKe HANU4YHe pa3HooOpasHoi GakrepuanbHOit Mukpodiopsl. OQHAKO TOYHAS HUACHTH(UKALNS KOHTAMH-
HAaHTOB TpeOyeT NPOBEICHHS JOMOJIHUTEIBHBIX MOJICKYJIIPHO-TEHETUYECKUX HcciaenoBanuii. [lomydeHHble
pe3yNbTaThl MOKAa3bIBAIOT, YTO KOHTAMUHALMUS OCTAETCS OJHUM M3 OCHOBHBIX OIPaHMYMBAIOIIMX (HaKTOPOB
YCIICIIHOTO BBEACHHUS YECHOKA B KYJBTYpY iN Vitro. B cBsi3u ¢ 3TM HE0OXOAUMA ONTHMH3ALMS IPEANOCEB-
HOHM 00pabOTKHM PacTUTENHFHOTO MaTepHala, a Tak)Ke COBEPIICHCTBOBAHUE IPOTOKOJIOB CTEPHIIN3ALUH H yC-
JIOBUH KyJNBTHBHPOBaHUS. [IpakTHueckas 3HaUMMOCTh MCCIICIOBAHMS 3aKII0YaeTcsl B pa3paboTke Oosee 3¢-
(EKTHBHBIX MOJXOIOB K CHIKCHHIO KOHTAMHHAL[MH, YTO MO3BOJHUT MOBBICUTH 3()(OEKTUBHOCTE MHKPOKJIO-
HaJILHOT'O Pa3MHOKEHHUSI M CO3/1aTh 3J0POBBIE iN Vitr0 KOJUICKIHUH.

Knroueeswie cnosa: uecnok, Allium sativum L., in vitro, MukpoOHasi KOHTaMHHAIHs, SKCIUIAHTHI, Fusarium,
Penicillium.
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