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Optimization of In vitro Sterilization and Initial Cultivation Methods
for Local Garlic (Allium sativum L.) Varieties

This article explores the optimization of sterilization and initial cultivation methods for local garlic (Allium
sativum L.) varieties under in vitro conditions. Due to the biological characteristics of garlic, which rarely
produces viable seeds, and the limited efficiency of conventional vegetative propagation methods, planting
material is often susceptible to the accumulation of viral and fungal infections. Therefore, the use of biotech-
nological approaches represents an important direction for improving plant health and producing high-quality,
uniform planting material. In this study, explants of the “Arman”, “Zailiysky”, and “Dungansky” varieties
were cultured on Murashige and Skoog (MS) nutrient medium. Effective sterilization methods were selected,
and optimal conditions for growth were determined. According to the obtained results, all studied varieties
demonstrated good morphogenetic responses and showed a high potential for micropropagation in vitro. This
method enables the establishment of an in vitro collection of local garlic varieties and can be applied in
agricultural production for obtaining high-quality planting material. Furthermore, this technology ensures
biological safety and facilitates the rapid propagation of virus- and fungus-resistant forms of garlic.
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Introduction

Garlic (Allium sativum L.) is one of the oldest agricultural crops, first cultivated in the countries of
Central Asia [1]. It is considered one of the most widespread and important species of the Allium genus used
both as food and for medicinal purposes worldwide [2]. Garlic is mainly propagated vegetatively; however,
due to the difficulty in inducing flowering, its genetic improvement through breeding is limited [3].
Additionally, garlic bulbs cannot be stored for more than 6-8 months, requiring annual replanting. This
process can become economically inefficient due to pest and pathogen infestations [4]. Prolonged storage in
open fields leads to the accumulation of viral infections, resulting in reduced yield or complete crop loss [5].
Viral diseases of garlic cause significant yield losses globally [6], and several virus species can be
transmitted throughout the plant’s entire life cycle during vegetative propagation [7].

The absence of seed formation in garlic limits breeding and sanitation methods to clonal selection and
meristem culture [8]. In recent years, in vitro techniques have been widely used for the conservation of rare
and valuable plant species [9]. Virus elimination using meristem (shoot tips) culture has proven effective for
vegetatively propagated crops, including garlic [10]. Clones obtained in this way exhibit higher productivity
and improved quality [11], and tissue culture methods hold great potential for increasing yield and producing
virus-free planting material [12]. Moreover, this method is also effective in genetic improvement, breeding,
and conservation research on garlic [13]. For large-scale production of garlic bulbs, the use of meristem or
shoot tips for micropropagation is more efficient compared to other explant sources [14].

The relevance of this topic is associated with the growing demand in agriculture for high-quality,
disease- and pest-free planting materials, as well as the need to limit the spread of viral and fungal diseases.
Micropropagation technology under in vitro conditions allows for the elimination of various biotic threats
through the cultivation of explants in an aseptic environment.

The aim of this study is to establish an in vitro collection of domestic garlic (Allium sativum) varieties
preserved in the genetic fund of the “Kazakh Research Institute of Fruit and Vegetable Growing” LLP and to
determine effective methods for sterilization and initial cultivation. The theoretical and practical significance
of the research lies in optimizing sterilization techniques for garlic explants and improving the composition
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of the nutrient medium using the in vitro method. By adapting the obtained plant samples to ex vitro
conditions, it becomes possible to select disease-resistant and locally adapted forms, thereby expanding their
potential use in agricultural production. Effective nutrient media and sterile conditions accelerate the
microipropagaton of garlic and serve as a foundation for the development of seed production within the
domestic biotechnology sector.

Micropropagation of garlic has been studied in many countries, and various combinations of nutrient
media and growth regulators have been identified as effective. However, systematic studies on the in vitro
cultivation and micropropagation of local garlic varieties have not previously been conducted in Kazakhstan.
Therefore, the novelty of this study lies in the fact that, for the first time in Kazakhstan, the cultivation and
adaptation characteristics of local garlic varieties under in vitro conditions have been investigated. The
obtained results can serve as a basis for future selection of disease-resistant and high-yielding garlic forms.

The results of this research will contribute to the biotechnological modernization of garlic production in
Kazakhstan, facilitate the production of high-quality planting material, and ensure stable agricultural
productivity.

Experimental

The research was conducted in the biotechnology laboratory of the “Potato Breeding, Seed Production
and Biotechnology” Department at the regional branch “Kainar” of the LLP “Kazakh Research Institute of
Fruit and Vegetable Growing” (2024-2025).

As research objects, three domestic garlic (Allium sativum) varieties developed through the institute’s
breeding program were selected: “Arman”, “Zailiyskiy”, and “Dunganskiy”.

Arman—a variety developed by the Kazakh Research Institute of Potato and Vegetable Growing,
authored by Lakhin A.S. It is a mid-season, autumn-planted, bolting variety with a pungent taste, intended
for general purposes. The bulbs are flat, white with a purple hue. On average, it has 10 large cloves weighing
6-9 g. It is disease-resistant with a yield of 6-10 t/ha. Realization is up 90 %, and the storage duration is 4-5
months. Since 1997, it has been recommended for cultivation in the Almaty region [15].

Zailiyskiy—a variety developed by Erenburg P.M. through mass selection from a local Dungan garlic
population. It is a mid-season, autumn-planted, bolting variety. The bulbs are round-flat, white with a purple
tint, weighing 35-55 g. It contains 5-8 cloves per bulb, each weighing 6-8 g. The average yield is 8-12 t/ha.
It is resistant to cold and has a storage period of 4-5 months. Since 1955, it has been approved for cultivation
in several regions [15].

Dunganskiy—a local Kazakh variety. It has a pungent flavor, is autumn-planted, and produces flower
stalks. The growing season from sprouting to harvest is 120-130 days. The bulbs are round-flat with a purple
tint and weigh 30-70 g. Each bulb has 5-9 cloves. The yield is 5.0-7.0 t/ha. Since 1959, it has been
recommended for cultivation in the Zhambyl and South Kazakhstan regions [15].

The research was based on in vitro micropropagation methods. As explants, vegetative parts of garlic—
specifically shoots derived from the root system—were used.

Sterilization procedures were carried out in several stages:

Pre-cleaning—Garlic samples were washed in a laundry soap solution and then rinsed 2-3 times in
distilled water.

Chemical sterilization—Samples were treated in sodium hypochlorite solutions of varying
concentrations for 2-3 minutes and then rinsed again 2-3 times in distilled water.

Aseptic processing—In a laminar flow cabinet, the outer scales of the garlic bulbs were removed, and
shoots emerging from the root system were excised.

The explants were transferred into a pre-prepared nutrient medium. A modified Murashige
and Skoog (MS) medium supplemented with phytohormones (0.5 mg/L indole-3-acetic acid(IAA)
and 1.0 mg/Lbenzylaminopurine(BAP)) was used as the nutrient medium: MS salt base — 2.17 g;
Sucrose — 15 g; Agar — 3.5 g; Thiamine HCI (Vitamin B1) — 0.5 mg/L; Pyridoxine HCI (Vitamin B6) —
0.25 mg/L; Total medium volume — 0.5 L.

After inoculation, the explants were placed in a phytotron room under controlled light conditions at a
temperature of 25°C for cultivation.

Explants were cultivated in 50 mL glass test tubes, with one explant placed in each tube. As a nutrient
medium, the basal Murashige and Skoog (MS) medium without the addition of phytohormones was used.
The cultures were maintained under controlled phytotron conditions at 25 + 2°C, with a 16-hour photoperiod
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and 8 hours of darkness, and a light intensity of approximately 3000 Ix. Each experimental variant included
30 explants and was conducted in three replications.

The obtained data were processed using Excel and Statistica 10.0 software. The results were presented
as mean values + standard error (SE), and the significance of differences was determined using Student’s
t-test and Duncan’s multiple range test (p < 0.05).

Results and Discussion

During the study, three garlic cultivars—“Arman”, “Zailiyskiy”, and “Dunganskiy”—were cultivated
under in vitro conditions. Effective sterilization methods were applied (Tab. 1), and all cultivars successfully
adapted to the nutrient medium and began to grow without infection.

Table 1
Optimization of garlic explant sterilization methods
NaOCl Treatment |Contamination
Ne | Garlic Variety |Concentration,| . - Viability, % Necrosis rate, %
% Time, minutes Rate, %

“Arman” 0.5 3 40 +2.1* 50+2.8 10+1.5
1 1.0 2 15+£1.2* 75+ 3.0* 10+1.3
2.0 3 5+ 0.8 40 £2.5* 55+£3.2*
«Zailiyski” 0.5 3 35+ 1.9* 55+2.7* 10+ 1.6
2 1.0 2 10+£1.1* 80+ 3.2* 10+1.3
2.0 3 8+0.9 45+2.1 47 +£2.8*
0.5 3 38+ 1.7* 48+23 14+1.9
3 “Dunganskiy” 1.0 2 12 +1.0* 77 £3.1* 11+1.4
2.0 3 7+0.8 43+2.2 50+£2.7*

* — accuracy of differences in p <0.05

As shown in Table 1, different concentrations of sodium hypochlorite (0.5 %, 1.0 %, and 2.0 %) and
exposure times (2-3 min) were tested for garlic explant surface sterilization. The treatment with 1.0 %
NaOCI for 2 minutes proved to be the most effective for all three varieties. Under these conditions, the
contamination rate was low (10-15 %), the viability of explants was high (75-80 %), and the necrosis rate
remained minimal (10-11 %). At a lower concentration (0.5 %), contamination levels increased (35-40 %)
and viability decreased. Conversely, treatment with 2.0 % NaOCI reduced contamination but caused high
toxicity, leading to a significant decrease in explant viability (40-45 %) and a marked increase in necrosis
(up to 50 %). Therefore, sterilization with 1.0 % NaOCI for 2 minutes can be considered the optimal method
for obtaining viable garlic explants under in vitro conditions.

Table 2
Growth performance of garlic varieties under in vitro conditions
Ne Variety Name Observation Time Description Shoot height, cm
Medium MS
On the 3 rd day Aseptic, We;ll adapted, initial B
sprouting observed
1 Arman On the 7 rd day Active growth phase 1.4+0.1
On the 14 rd day Root initiation and bud 4.0+ 00%
development observed
On the 3 rd day Explant adapted_ to the nutrient 3
medium
2 Zailiyskiy On the 7 rd day Shoot formatlon and 1540.1
elongation started
Active rooting and bud -
On the 14 rd day differentiation 5.0+0.3
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Continuation of Table 2
Ne Variety Name Observation Time Description Shoot height (cm)
Medium MS

Explant adapted
On'the 3 rd day togthe mediFL)Jm B

3 “Dunganskiy” Moderate growth

On the 7 rd day activity observed

1.3+0.1

Roots formed,

On the 14 rd day buds clearly visible

4.0+0.2*

* —accuracy of differences in p < 0.05

During the study, the adaptation, growth, and rooting processes of garlic explants were monitored on
the 3rd, 7th, and 14th days of cultivation (Fig. 1). In the first three days, all varieties showed successful
adaptation to the aseptic medium, with visible signs of sprouting. By the 7th day, the “Arman” variety
entered the active growth phase (1.4 cm), while “Zailiyskiy” demonstrated slightly higher elongation
(1.5 cm). The “Dunganskiy” variety exhibited a slower growth rate (1.3 cm). By the 14th day, all varieties
displayed evident root and bud formation. The “Zailiyskiy” variety showed the highest shoot height (5.0 cm),
whereas both “Arman” and “Dunganskiy” reached 4.0 cm. These findings indicate that the MS nutrient
medium has a positive influence on the morphogenesis of garlic explants under in vitro conditions. Among
the studied varieties, “Zailiyskiy” exhibited the best adaptation, vigorous growth, and strong rooting
potential.

One of the important factors affecting plant morphogenesis under in vitro conditions is the mineral
composition of the nutrient medium. According to Kalinin F.L. et al. [16], numerous studies have proposed
various nutrient media depending on their mineral content. However, many researchers utilize different
modified variants of the Murashige and Skoog (MS) medium for garlic propagation. The efficiency of clonal
micropropagation largely depends on the proper selection of the nutrient medium. For in vitro clonal
propagation of plants, researchers commonly employ media such as Murashige and Skoog (MS), Linsmaier
and Skoog, Gamborg and Eveleg, Phillips, Heller, White, and Gautheret [17, 18]. Nonetheless, based on the
outcomes of multiple experiments, it has been established that modified versions of the MS medium—with
varied compositions of minerals, vitamins, cytokinins, and auxins—produce optimal effects for plant
propagation. Successful in vitro introduction of plants also depends on the type of sterilizing agents used.
The composition of sterilizing agents is selected according to the characteristics of the explant. The initial
stage of the experiment involves the removal of saprophytic microflora from the plant explants before their
introduction into in virto conditions, followed by placing them on nutrient media for growth [19].
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Figure 1. Monitoring of explants
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The nutrient medium and growth conditions significantly influence the regeneration, rooting, and de-
velopment of healthy plant forms from explants. This method plays an important role in selection, conserva-
tion of genetic resources, and identification of pathogen-resistant forms. According to the results of the
study, monitoring of the garlic explants introduced into the in vitro nutrient medium after 14 days showed
the initiation of root formation and the development of shoots up to 4-5 cm, as illustrated in

Figure 2.
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Figure 2. Observation of garlic explants after 14 days in in vitro conditions

According to global research experience, micropropagation of plants under in vitro conditions is used as
a rapid and efficient method to multiply unique forms of specific cultivars, hybrids, and limited amounts of
initial plant material. Compared to traditional vegetative propagation, the advantages of micropropagation
include the high multiplication rate of desired plants regardless of the season. This method is widely applied
for the conservation of gene pools of rare, endangered, and agriculturally valuable varieties of seeds, fruits,
vegetables, and ornamental plants [20].

Conclusion

As a result of the study, the initial stages of in vitro cultivation of local garlic (Allium sativum) varieties
were developed—including effective explant sterilization and optimization of primary growth conditions.
The use of 1.0 % sodium hypochlorite for 2 minutes ensured the lowest contamination rate and the highest
explant viability. The Murashige and Skoog (MS) nutrient medium had a positive effect on the initial growth
and morphogenesis of garlic explants. Among the studied varieties, the “Zailiyskiy” variety demonstrated the
highest growth activity and viability.

These results form an important foundation for improving the initial stage of in vitro micropropagation.
Future studies will focus on developing an efficient method for micropropagation based on the obtained
sterile plant material, optimizing the growth and rooting stages, as well as selecting disease-resistant forms
and establishing a collection.

This research will be carried out at the “Kainar” regional branch of the LLP “Kazakh Research Institute
of Fruit and Vegetable Growing”. The obtained results will contribute to the biotechnological development
of garlic cultivation in Kazakhstan and the production of high-quality, disease-resistant planting material.
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K.M. Maraii, C.K. /IxxanTtacos, I.M. O6parumoBa

In vitro aagici apkpLIbI 0TaHABIK capbiMcak (Allium sativum L.) copTTapbin
3aJ1aJICHI3IAH/BIPY KIHe 0ACTANKBI 6CIiPY dAIiCTePiH OHTANIAHABIPY

Makanana otauasik capbiMcaktsiy (Allium sativum L.) coprrapsid in Vitro skarmaiibiHIa 3a1aIChI3IaHIBIPY
JKoHE OacTamnKpbl ecipy ofiCTepiH OHTaWIaHABIPY Maceseci KapacThlpbutFaH. CapbIMCaKThIH TYKBIM TY30€HTiH
OHMOJIOTHSUTBIK €PEKILENIirT MeH ASCTYPIl KOOEHTY ToCUIIepiHiH MIEKTey i THIMIUIIrT OHBI BUPYCTHIK JKOHE
CaHbBIpayKYJIaKTHI aypyiapra Oeitim ereni. COHABIKTaH OMOTEXHOJIOTHSUIBIK, TOCUIIEP Al KOJIIaHy eCiMIIKTepai
CayBIKTBIDY MEH camajibl, OipKeJKi OTHIPFBI3Y MaTepHAaJbIH Ay YIIiH MaHBI3AbI OaFbIT. 3epTTey OaphICHIHAA
«ApMany, «3anUicKuit» jkoHe «JlyHraHCKMi» CcOpTTaphiHbIH dKciuianTrapsl Murashige & Skoog (MS)
KOPEKTIK OpTachlHA CHTI3UIMI. DKCIUIAHTTAPIbl 3AANCHI3NAHIBIPYABIH THIMAI OAIiCTepi TAaHMANBIN, ©CYy
HpOLECTepiHe OHTAMIBI JKaraaiiap aHBIKTAJIIbl. AJIBIHFAH HOTVDKENepre COMKec, 3epTTeNreH COPTTapiAblH
0apJIBIFBI KOPEKTIK OpTa/ia )aKchl MOP(OreHe3 KOpCeTil, MUKPOKIOHAB KOOCHTyre OeHiMIITIK TaHBITTHL.
Byt omic OTaHIBIK CapbIMCAKTBIH IN VItr0 KOJUIEKIMSCHH KalBIITACTRIPYFa JKOHE aybll LIapyallbUIbIFbIHIA
JKOFaphl camayibl OTBIPFBIZY MaTepHabIH OHIIpyIe KOJIaHyFa MYyMKiHAiK Oepeni. CoHbIMEH KaTap Oy
TEXHOJIOTHSI OHIMHIH OHOJIOTHSUIBIK KAyIICI3NITiH KaMTaMmachl3 €Till, BUPYCTBHIK JKOHE CaHBIPAYKYJIAKTHI
aypynapra Te3imzi Gpopmanapabl xKenen KoOeUTyre KO amaibl.

Kinm co3dep: cappMcak, in Vitro, MEKpOKIIOHIaY, SKCIUTAHT, 3aIaJIChI3IaHABIPY, KOJUICKIIUS

K.M. Maraii, C.K. /Ixxanrtacos, I.M. O6parumoBa

OnTuMu3anms MEeTO0B CTEPHIM3ANUHA 1 MEPBHYHOI0 KyJIbTHBHPOBAHUS
oTevyecTBEHHBIX copToB YecHoka (Allium sativum L.) meTomgom in vitro

B IaHHO#M cTaThe paccMATPUBAIOTCS BOMPOCHI ONTHMH3AIMH METOAOB CTEPHIM3ALMUA M IIEPBHYHOTO
KyJbTUBHPOBAHHSI OTE€UeCTBEHHBIX copToB decHoka (Allium sativum L.) B ycnoBusix in vitro. Buonorunueckast
OCOOCHHOCTh YECHOKAa — OTCYTCTBHME CEMEHHOT'O DPa3MHOXKEHHMS, a TaKkkKe orpaHudeHHas >()(GEeKTHBHOCTDH
TPaJUIMOHHBIX METOJIOB BEreTaTUBHOTO Pa3MHOKEHHUS — JIEJIACT PACTEHUE BOCIIPUMMYHBBIM K BUPYCHBIM H
rpuOHBIM 3aboneBaHusIM. [lo3TOMy mnpHMeHeHHne OHOTEXHOJIOTHYECKMX ITOJIXOJ0B SIBISIETCS Ba)KHBIM
HaIpaBJICHUEM Ui O3/I0POBJICHUS] PACTCHHH M IOJYyYSHHUs] Ka4eCTBEHHOTO, OJHOPOJHOTO MOCAZOYHOTO
Marepuana. B Xozme mccneqoBaHUS SKCIUIAHTBI COPTOB «ApMan», «3auiHMHCKHI» U «JlyHraHckuii» ObUTH
BBEICHBI B MHTaTeNbHY cpeny Murashige & Skoog (MS). Beun mono6pansl 3G¢eKTHBHBIE METOMABI
CTEpHJIN3ALMU IKCIUIAHTOB U OINpE/eeHbl ONTHMAJIbHbIE YCIOBHUs Ui UX pocTa. COracHO MOMy4eHHBIM
pe3ynbTaTaM, BCE HCCIEIOBaHHbIE COpTAa II0KA3adM XOPOIIYI MOP(OTreHETHYECKyl0 aKTHBHOCTb W
CIIOCOOHOCTh K MUKPOKJIOHAIBHOMY Pa3MHOKEHHUIO B IIUTATENILHON cperie. Pa3paboTaHHbBIH METO/| O3BOJISET
co3ziate iN Vitr0 KOJUIGKIMIO OTEYECTBEHHBIX COPTOB YECHOKA M MCIIONB30BAaTh €€ Ul HPOHM3BOACTBA
BBICOKOKAUEeCTBEHHOTO [10CAI0YHOT0 MaTepuaja B CelbCKOM Xo3sicTBe. Kpome Toro, maHHas TEXHOJIOTHS
obecrieurBaeT OHOJOTHUECKYIO 0€30MacHOCTh MPOAYKIHH M OTKPBIBAET BO3MOXKHOCTH VISl YCKOPEHHOTO
pa3MHOXKeHHsT POpPM, YCTOHYMBBIX K BUPYCHBIM M TPUOHBIM 3a00JICBaHUIM.

Knioueswvie cnosa: 4eCHOK, in vitro, MHUKPOKJIOHAJIbHOC Pa3MHOKCHHUE, DKCIIIAHT, CTCPUIN3aLIs, KOJIICKIMSI
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