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SUMMARY 

 

The article showcased experimental data on key stages of the propagation technology of four varieties 

of an organic strawberry (Fragaria x ananassa) planting material in apical meristem culture, using 

molecular methods of virus identification and chimeras‘ absence, for the creation of central and 

reproductive mother plantations and accelerated introduction of the world collection‘s best varieties 

into production. The screening of newly introduced strawberry cultivars for five viruses by polymerase 

chain reaction (PCR), comprised the strawberry vein banding virus (SVBV), the strawberry crinkle 

virus (SCV), the strawberry mottle virus (SMV), the strawberry pallidosis-associated virus (SPaV), and 

the beet pseudo yellows virus (BPYV). The strawberry cultivars were free from any virus infection. At 

the introduction stage into tissue culture, sterilizing strawberry plants with active chlorine preparations 

ensued in sodium hypochlorite with different concentrations and exposures. Also, initiating 

environmentally safe growth regulators, amino acid proline, adenosine triphosphate (ATP), and 

vitamin C-ascorbic acid at a concentration of 10 mg/L into the nutrient medium helped activate 

regeneration after the introduction of apexes into tissue culture. Plants introduced into in vitro culture 

attained propagation at a required amount on MS medium containing 1% Eleutherococcus extract 

instead of cytokinin-6-BAP at the proliferation stage and 1% alcohol extract from the bark of Salix 

weeping willow instead of auxin-IMC at the rhizogenesis stage. The time of introduction into tissue 

culture and regeneration helped determine the ascorbic acid effect on the reduction of phenolic 

oxidation of apexes. The medium induced with amino acid proline and ATP increased regeneration by 

10%–15%. The inclusion of Eleutherococca increased the multiplication ratio to 1:3 per one passage 

with the Salix extract, which increased rhizogenesis by 75%–80%. All the obtained primary strawberry 

plants incurred testing for chimeras‘ absence using molecular markers. 

 

Communicating Editor: Dr. Samrin Gul 

 

Manuscript received: July 27, 2023; Accepted: November 17, 2023. 

© Society for the Advancement of Breeding Research in Asia and Oceania (SABRAO) 2024 

 

Citation: Sarshayeva M, Tashkenbayeva A, Bilibayeva A, Irsaliyeva Zh, Ustemirova AM (2024). Technological 

aspects of in vitro propagation of organic strawberries. SABRAO J. Breed. Genet. 56(1): 246-257. 

http://doi.org/10.54910/sabrao2024.56.1.22. 

RESEARCH ARTICLE 

 
  

mailto:etashkenbayeva@mail.ru
mailto:moka-1993@mail.ru
mailto:abilibayeva1@gmail.com
mailto:irsalieva1996@mail.ru


SABRAO J. Breed. Genet.56 (1) 246-257. http://doi.org/10.54910/sabrao2024.56.1.22 

247 

Keywords: Organic strawberry (Fragaria x ananassa), clonal micropropagation, in vitro, ex vitro 

adaptation, polymerase chain reaction, strawberry viruses, chimera 

 

Key findings: The task sought to study environmentally safe growth regulators of plant nature in the 

biotechnological recovery process and clonal micropropagation of garden strawberries with the release 

of organic seedlings tested for the absence of viruses and chimeras. Planting a central nursery with 

eco-strawberry seedlings targets the production of organic plants, with the subsequent establishment 

of industrial plantations and organic berries manufacture. 

 

 

INTRODUCTION 

 

An underdeveloped strawberry (Fragaria x 

ananassa) cultivation in Kazakhstan provided 

insufficient supply to the population of this 

valuable fruit throughout the year. Strawberry 

is one of the main berry crops with unlimited 

demand and has always been highly profitable 

in all regions of the republic. As an excellent 

dietary product, strawberries contain various 

compounds, including simple sugars and 

carbohydrates, fiber, vitamin C, and varied 

secondary metabolites. However, there is an 

acute shortage of planting material nowadays. 

Developing virus-free mother plants is 

necessary, which affected the commercial 

strawberry plantations. In vitro methods‘ 

extensive use has been ongoing for 

propagating valuable horticultural crops; 

especially berry crops (Elec et al., 2023; 

Osman et al., 2023; Pang et al., 2023).  

 In horticultural crops, the 

biotechnological techniques provide a high 

economic effect associated with early maturity, 

high reproduction rate, and enhanced yield 

with better quality. Various studies have 

reported that in vitro propagation is an 

effective way to obtain strawberry clones free 

from viral diseases (https://altyn-

orda.kz/diplom-antonovka-vedushhij-sort-

yablon/). However, the reproducibility results 

of the clonal propagation of different genotypes 

are low. The varietal response of genotypes is 

sturdier than in traditional breeding methods, 

and the physiological, hormonal, and physical 

factors have a significant impact, which needs 

accounting for successful breeding. 

 The strawberry propagation through 

tissue culture‘s development began as early as 

the 20th century (Boxus, 1974). To date, the 

in vitro microclonal propagation of garden 

strawberries is quite well-established, with 

continued use for a long time (Rattanpal et al., 

2011; Ara et al., 2012; Jan et al., 2013; 

Mahmoud et al., 2017; Jhajhra et al., 2018; 

Yakovenko and Lapshin, 2018; Ionela et al., 

2019). Despite this, continuous technology 

improvement is mandatory due to the varied 

collection of garden strawberries, wherein the 

genotypic characteristics still need 

identification when grown under in vitro 

conditions. 

 The microclonal propagation comprises 

several steps. These include the following: a) 

Transformation of nutrient media with various 

content of mineral composition, vitamins, and 

physiologically active substances specifically 

for culture; b) For selection and preparation of 

plant material, and by introducing tissues into 

tissue culture, an apical meristematic bud with 

two leaf primordia 0.1–0.2 mm in size, became 

initial explants of strawberries, which are 

sterilized and introduced into tissue culture 

under a binocular lens; c) For explant 

development, the culturing of explants is under 

the illumination of about 2,000–3,000 lux and 

a 16-h day at a temperature of 24 °C–25 °C; 

d) During the process of apical meristem 

cultivation and development of apexes, 

transplanting pursues the goals of renewing 

nutrient media, placing developing apexes in 

large culture vessels, reculturing secondary 

explants to maximize multiplication rate, and 

managing the regeneration process; e) A 

strawberry plant up to 20 mm in size with 

several leaves ensures better plant 

development for transplanting to a rooting 

medium. Growth regulators of auxin nature 

help stimulate root formation; and f) 

Adaptation of test tube plants during transfer 

from in vitro to ex vitro. Test tube microcloned 

strawberry plants with a developed root 
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system, a 1–3 cm length, and a rosette with 

several leaves entailed transfer to non-sterile 

conditions. Light, moisture-intensive, well-

aerated materials (peat, sand, and perlite) 

served as a substrate (Dolgikh, 2020). 

 The primary in vitro culture determines 

the entire subsequent technological cycle of 

clonal micropropagation of plants. The rate of 

meristematic tissue initiation leading to the 

formation of whole plants depends on the rate 

of its discrimination. However, it always varied 

with different genotypes and was ascertained 

by the ability of explants to form axillary buds 

for cloning. 

 A necessary condition for working with 

isolated tissue culture is the observance of 

strict sterility, using a wide range of chemicals 

for surface sterilization of plant tissues. 

Sterilizing the explants consists of solution of 

compounds containing active chlorine 

(chloramine, calcium, sodium hypochlorite, 

mercury [II] chloride), bromine (bromine 

water), diacid, hydrogen peroxide, alcohol, and 

antibiotics. However, with the correct choice of 

a sterilizing agent, the degree of tissue 

infection should not exceed 1%–3%. 

 For strawberry large-scale production 

through a propagation system, the MS nutrient 

medium is suitable, as characterized by a high 

content of inorganic nitrogen that stimulates 

the processes of organogenesis (Murashige and 

Skoog, 1962). The ability of explants to 

regenerate depends on the mother plant‘s 

condition during isolation. For strawberries, the 

best period of in vitro introduction is the start 

of the active vegetation phase after dormancy 

and when the meristem can regenerate. 

 The morphogenetic potential of plants 

largely relies on growth regulators, primarily 

cytokinins. Strawberry micropropagation often 

uses the 6-BAP, which shows higher activity in 

maintaining tissue growth and inducing 

organogenesis. However, in producing 

strawberry eco-seedlings, Eleutherococci 

extract replaced the 6-BAP at a 1% 

concentration in the nutrient medium at the 

proliferation stage. Eleutherococcus is well-

known to contain 0.26%–0.35% eleutherosides 

from a dry material, which promotes rapid 

regeneration of damaged tissues (Razumnikov, 

2011). 

 Garden strawberries often form roots 

already on the propagation medium, bypassing 

the rooting stage. Semenas and Kukharchik 

(2000) recommended using a medium without 

phytohormones at the rooting stage. Some 

scientists believe short-term exposure to auxin 

on microshoots has a better stimulating effect 

(Suleimenova, 2016). Studies showed that in 

addition to increased hardiness, the root 

system of plants that have received 

supplemental willow bark extract develops 

better. The roots grow faster with a healthier 

and stronger root system, allowing for plants‘ 

better nutrients and water absorption. Early 

growth occurs as the root system quickens, 

leaves grow more actively, photosynthesis 

occurs more intensively, and the plant 

develops well. Growing fruits and berries leads 

to higher fruit weight by having larger and 

heavier fruits with a constant and better dry 

matter content on the Brix scale. 

 Under in vitro conditions, the spectral 

composition of light is one of bioproductivity‘s 

main factors greatly influencing growth, 

regeneration, and rhizogenesis processes. In 

this regard, the selective response of 

strawberry microshoots during microclonal 

propagation to irradiation with light of different 

spectral compositions is favorable for the 

growth and development of microshoots. 

Usually, fluorescent lamps benefit plant 

cultivation; however, LED irradiators are 

preferable (Bula et al., 1991). Using irradiators 

made of LEDs causes plants to develop faster, 

saving energy significantly compared with 

fluorescent lamps (Brown et al., 1995). 

 Adaptation to ex vitro conditions 

considers the main anatomical and 

physiological factors, i.e., poor development of 

conductive xylem vessels, absence of cuticular 

wax layer, and non-functioning stomatal 

apparatus. In reducing transpiration, sowing 

plants requires a sterile substrate under moist 

chamber conditions (95%–98% humidity). 

When developing the optimal conditions of ex 

vitro adaptation, its efficiency reaches 90%–

100%. 

 Growing certified planting material 

using in vitro technology under production 

conditions is economically profitable. Producing 

organic fruit and berry products needs the 
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initial quality of planting material. Strawberry 

old cultivars fall below the agro-industrial 

complex requirements because the last zoning 

of strawberry cultivars happened 25 years ago 

in Southeast Kazakhstan. Therefore, the new 

strawberry cultivars of global importance need 

introduction and multiplication using highly 

effective methods of propagation.  

 Despite the great advantage of clonal 

micropropagation and its widespread use for 

strawberries, the technology of clonal 

micropropagation with molecular genetic 

evaluation of the genome to exclude chimeras 

in the production system of environmentally 

friendly planting material is yet to succeed. 

Having worked out all vital stages of the 

technology of clonal micropropagation of 

strawberries on modified nutrient media and 

checked the stability of its genome by 

molecular markers to exclude chimeras, it 

became possible to multiply principal plants up 

to the third reproduction and obtain the 

necessary amount of virus-free planting 

material for the planting of primary and 

reproductive nursery stock to obtain eco-

seedlings and further use for year-round 

production of eco-harvest. 

 

 

MATERIALS AND METHODS 

 

Plant material 

 

The objects of research were strawberry 

varieties, Malwina (Germany), Sabrina and 

Black Prince (Italy), and Red Gauntlet 

(Scotland), which transpired in 2021–2023 at 

the laboratory of the Biotechnology of 

Horticultural Crops KazF & VRI. Purebred, high-

yielding, and outwardly healthy rosettes of 

garden strawberries incurred selection visually. 

Cutting horns with meristems from the base of 

leaves occurred for outwardly asymptomatic 

bushes. The best time for introducing apexes 

into tissue culture was March-May, with the 

meristems extracted under a binocular lens. 

For strawberry propagation, the size of optimal 

explants was 0.1–0.2 mm. 

 Enhancing the explant yield and 

multiplication rate necessitated sterilizing the 

initial plant tissue of the selected strawberry 

cultivars by the following steps:1) using first a 

soap containing triclosan (five times) and 

treating with 0.1% solution of sodium 

hypochlorite (5') and MnO45‘; 2) next, washing 

three times with sterile water for 15 min each; 

3) proceeding to in-vitro shoot regeneration 

used meristem culture, where the apical 

meristems‘ isolation from sterilized buds 

continued under a binocular lens and 

inoculated into tissue culture on a nutrient 

medium containing macro and micro salts 

(Murashige and Skoog, 1962). 

 Introducing apexes into tissue culture, 

adding ascorbic acid (10 mg/L) and adenosine 

triphosphate (ATP) to the nutrient medium 

helped remove phenolic oxidation. The 

explants‘ culturing on this medium at 20 °C–25 

˚C and 16 h of light ensued until active 

regeneration and formation of microshoots for 

transplanting to fresh nutrient medium every 

two weeks. The prime composition of the 

nutrient medium included macro and micro 

salts according to Murashige and Skoog, 

double amount of iron chelate, vitamins, i.e., 

ascorbic acid (1 mg/L), thiamine (10 mg/L), 

pyridoxine (5.5 mg/L), nicotinic acid (4.5 

mg/L), para-aminobenzoic k (5 mg/L), and 

meso inositol (75 mg/L), and carbohydrates, 

such as, sucrose (30 g/L). 

 Culturing the explants had no growth 

regulators at the regeneration stage, with the 

nutrient medium containing ATP and proline 

amino acid (1 mg/L) each at the proliferation 

stage. The nutrient medium‘s supplementation 

with 1% Eleutherococcus extract included 

eleutherosides, resins, essential oils, lipids, 

pectins, flavonoids, alkaloids, and 

polysaccharides that promote tissue 

regeneration. After inoculating, the transfer of 

explants in culture vessels to a ‗light‘ room 

continued. This room contained an air 

conditioner to maintain an optimal cultivation 

temperature and lamps for illumination with 

different spectral compositions (red - 

regeneration and proliferation stage; blue - 

rhizogenesis). Before planting the microcloned 

plants for induction of rhizogenesis in vitro, a 

short-term treatment of the plants‘ basal part 

used 1% extract of weeping willow bark. 
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Acclimatization of meristem regenerated 

plants 

 

After rooting micro rosettes from in vitro 

conditions, their transplanting into ex vitro 

conditions for adaptation proceeded. Before 

planting, removing plants from the test tube 

with tweezers ensured the root system‘s 

thorough washing with tap water from the 

remaining nutrient medium. Its placement in a 

weak potassium permanganate (KMnO4) 

solution for a few seconds followed. Then the 

plants continued transplanting in the soil pre-

moistened and treated with KMnO4 solution. 

Adaptation on the soil mixture had a soil: peat: 

sand ratio of 1:1:1. Planting one plant with a 

well-developed root and aboveground system 

in each container progressed. Keeping the 

substrate moist had the container covered with 

a food film in one layer or a glass. 

Development of plants took place in the 

adaptation greenhouse of the laboratory until 

they reached standard sizes at a temperature 

of 22 °C–24 °C with a 2–3 thousand lux 

illumination, relative humidity of 60%–70%, 

and a 16-h daylight. As the plants grew and 

new leaves appeared, a small ventilation hole 

in the food film became necessary. After 

transferring test tube plants into the substrate, 

treating them with a weak solution of KMnO4 

for a week continued. After 3–4 weeks, the 

fully opened strengthened plants remained 

longer in the adaptation greenhouse before 

transplanting them into the base nursery. 

 Virus infection control was by PCR, and 

the presence of chimeric plants detection was 

by RAPD. Four strawberry cultivars 

identification proceeded to study the genetic 

profile and detect five viruses, namely, 

Strawberry vein banding virus (SVBV), 

Strawberry crinkle virus (SCV), Strawberry 

mottle virus (SMV), Strawberry pallidosis-

associated virus (SPaV), and Beet pseudo 

yellows virus (BPYV) (Seliger, 1990).  

 Extraction of total RNA from strawberry 

leaves continued by the STAV method. 

Preparing a reaction mixture of 2 μL of RNA, 

0.5 μL of 40 mMOligodt, and 0.5 μL of 40 

mMNeq R enabled set-up reverse transcription. 

The mixture received incubation for 10 min at 

72 °C. Next, adding 4µl of 5x Buffer RT, 0.5µl 

of dNTP, and 0.5µl of RevertAidTranscriptase to 

15µl of the reaction mixture ensued. The cDNA 

synthesis happened for 60 min at 45 °C. The 

PCR entailed preparing a reaction mixture of 2 

μl DNA, 2.5 μlTaqBuffer (NewEnglandBiolabs), 

0.5 μl dNTP, 0.5 μl primers, and 0.5 μlTaq 

polymerase (NewEnglandBiolabs). 

 Employing RAPD analyzed DNA isolated 

from in vitro explants to detect possible 

deviations in the genetic stability of 

micropropagated plants (Degani et al., 1998). 

The PCR-RAPD method depended on the 

amplification of DNA fragments using a 

randomly selected short random primer that 

amplifies multiple discrete regions of genomic 

DNA under appropriate PCR conditions. 

Following it was the separation of amplified 

fragments based on their size using gel 

electrophoresis, with the samples identified by 

comparing the DNA bands of the resulting 

patterns. For this analysis, isolating genomic 

DNA from leaves used STAB. Using 15 random 

primers help identify strawberry somaclonal 

variants: A-03, A-15, AA-01, AA-19, AF-06, 

AL-04, D-16, E-12, G-01, G-10, H-14, I-04, O-

05, T-04, and J-19. The PCR program consisted 

of the following steps: denaturation at 92 °C 

for 3 min, 45 cycles of denaturation at 92 °C 

for 30 s, annealing at 35 °C for 1 min, 

elongation at 72 °C for 2 min, and final 

elongation for 10 min at 72 °C. The resulting 

PCR amplicons‘ separation continued in 2% 

TBE agarose gel (Figure 4). The results‘ visual 

analysis used the GelDocImagingSystem gel-

documentation equipment, BioRad. The original 

basic strawberry plants, grown to standard size 

under indoor conditions, proceeded for planting 

in the spring of 2023 in a regular nursery to 

produce organic plants and products. 

 

 

RESULTS AND DISCUSSION 

 

Strawberries (Fragaria x ananassa) are usually 

by stolon propagation; however, this method 

does not guarantee better plant quality due to 

the risk of spreading diseases (Rojas et al., 

2013). Thus, in vitro, meristem culture is ideal 

for obtaining healthy and homogeneous plants 

(García-Gonzáles et al., 2010; Moradi et al., 

2011; Quiroz et al., 2017). However, to 
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achieve high multiplication rates and better 

plant quality, it is a must to optimize the 

propagation technology to consider the 

characteristics of the genotypes, thereby 

minimizing the loss of material due to oxidation 

and contamination of tissues and a low 

response to in vitro growth and development 

conditions (Ko et al., 2009; Elec et al., 2023; 

Osman et al., 2023). 

 In the presented study, meristems 

treated with 0.1% sodium hypochlorite 

(NaClO) solution for 5 min achieved higher 

viability (60%) and eliminated contamination 

by 90%. Similar results came from the 

disinfection of strawberry meristems (cultivars 

Oso Grande and Toro) with 0.5% NaClO for 

10–15 min recorded a grafting rate of 75% and 

less than 15% contamination (Munir et al., 

2015). It is worth noting that adding 

antioxidants is crucial at the stage of tissue 

culture induction and regeneration in vitro, as 

it reduces the phenolic oxidation of explants 

(Bhatia and Ashwath, 2008; Quiroz et al., 

2017). 

 As a result of this research on the 

technological features of planting material 

propagation to obtain virus-free, 

environmentally friendly (organic) strawberry 

seedlings, plant extracts of Eleutherococcus, 

willow bark, the amino acid proline adenosine 

triphosphate (ATP), and vitamin C-ascorbic 

acid introduction into the nutrient medium 

replaced growth regulators of chemical nature 

(cytokinins and auxins). It was also apparent 

that introducing ascorbic acid (10 mg/L) in the 

nutrient medium‘s composition eliminated 

phenolic oxidation of apexes at the stage of 

inserting into tissue culture and regeneration. 

In strawberry cultivars, incorporating proline 

amino acid and ATP as part of the nutrient 

medium increased regeneration by 10%–15%. 

As shown in Table 1, the maximum rosette 

growth manifested in strawberry cultivars 

Sabrina and Black Prince. Plant growth and 

development are ultimately outcomes of light 

energy captured during photosynthesis. ATP is 

a universal cellular energy cofactor that fuels 

all vital processes, including gene expression 

and metabolism (De-Col et al., 2017). 

Eleutherococcus extract doubled the 

multiplication rate as part of the nutrient 

medium (Table 1). The multiplication ratio of 

strawberry cultivars Sabrina and Black Prince 

was the maximum at 1:12–21 micro rosettes 

per explant compared with Malwina and Red 

Gauntlet cultivars‘ 1:8–10. The developmental 

stages of garden strawberries through in vitro 

tissue culture appear in Figure 1. 

 The biological activity of 

Eleutherococcus links with compounds called 

eleutherosides. The plant contains pectin 

substances, essential oil, coumarin derivatives, 

flavonoids, vegetable wax, resins, gum, 

phenolcarboxylic acids, vitamins, and trace 

elements, which universally contribute to 

activating regeneration processes in 

microplants in tissue culture. At the 

rhizogenesis stage, the macro-salt 

concentration reduced twofold, while the 

sucrose concentration decreased to 20 g/l. The 

strawberry microplants treatment with weeping 

willow bark extract enhanced the quality of the 

root system (Figure 2). Figure 2 shows 

Malwina and Red Gauntlet strawberry varieties 

rooted in the nutrient medium with the 

weeping willow (Salix) extract treatment 

compared with the Black Prince variety, rooting 

on a medium with an added IBA (control). 

Table 1. Effect of proline amino acid, ATP, and eleutherococcus on regeneration and proliferation 

activity of strawberry cultivars in vitro. 

Varieties of garden 

strawberries 

Rosette length after two months of cultivation, 

cm 

Reproduction rate by 6th passage, pcs./1 

explant 

Murashige-

Skoog, control 

Murashige-Skoog + 

proline, ATP 

Murashige-Skoog, 

control 

Murashige-Skoog + 

eleutherococcus solution 

Malvina 0,1-0,4 0,2-0,5 1:5 1:10 

Red Gontlit 0,1-0,2 0,2-0,3 1:4 1:8 

Sabrina 0,7-1,4 1,0-2,0 1:10 1:21 

Black Prince 0,5-1,0 0,8-1,2 1:8 1:12 
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Figure 1. Stages of strawberry in tissue culture: A- regeneration; B- proliferation; C- rhizogenesis. 

 

 

 
 

Figure 2. Rooting of microcloned plants at the rhizogenesis stage. 

 

 In general, modifying a nutrient 

medium to produce organic strawberry 

seedlings for all stages of clonal 

micropropagation, namely, tissue culture 

induction, regeneration, proliferation, and 

rhizogenesis flourished (Table 2). It is also well 

known that any micropropagation system‘s 

success connects with the effective transfer of 

seedlings from vessels for tissue cultivation in 

environmental conditions and adaptation 

during acclimatization (Hazarika, 2003). The ex 

vitro conditions, such as greenhouse and field 

settings, have characteristics of lower relative 

humidity and higher light levels than in vitro 

conditions. Therefore, a better container 

culture substrate with high moisture holding 

capacity, porosity, and drainage is essential for 

the proper growth and development of in vitro-

derived seedlings (Chugh et al., 2009; Kaviani 

and Negahdar, 2017; Adibi-Baladeh and 

Kaviani, 2021; Sahari-Moghadam et al., 2022). 

In addition, the efficiency of acclimatization 

and new introduction gain impacts from 

environmental conditions, i.e., light intensity, 

humidity, and air temperature (Jeon et al., 

2005).  
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Table 2. Effect of variety on in vitro regeneration processes. 

 

 

 
 

Figure 3. Adaptation of basal plants of garden strawberry during the in vitro - ex vitro transition 

period. 

A- in vitro - ex vitro adaptation , B- container culture of strawberry plants 

 

 The high rooting rate during the 

adaptation period (90%) of the obtained 

microplants showed a soaring level of the 

developed technological aspects. It was 

evident that microplants treated with 1% 

alcohol extract of weeping willow (Salix) bark 

provided much rooting and high adaptability 

during acclimatization (90%–95%) compared 

with plants grown on medium with added IBA. 

The mechanism of action was that willow bark 

contains two essential compounds: salicin and 

indole acetic acid. Indole acetic acid (IAA) is a 

plant hormone that stimulates root growth. 

Salicylic acid has a stimulating effect on 

cuttings and in microclonal propagation of 

plants. It blocks the stress hormone caused by 

the damage the plant seeks to heal 

immediately after introduction into tissue 

culture. 

 It was also noticeable that the willow 

tincture may be an alternative for well-known 

and much more expensive preparations. It was 

available in greenhouses and hothouses before 

the appearance of artificial preparations that 

accelerated the process of root emergence. 

Likewise, it can also cause a protective reaction 

in nearby plants by converting salicylic acid 

into a volatile chemical form 

(https://dzen.ru/a/Xh7U6yvrSQCtpaxY). As 

studies have shown, the soil composition (soil: 

peat: sand ratio of 1:1:1) greatly influenced 

the rooting of plants in non-sterile conditions. 

For strawberry cultivars, the percentage of 

adapted prime plants under greenhouse 

conditions showed an average of 70% (Figure 

3). 

 For accelerated microclonal 

propagation of organic strawberry cultivars, 

the following resolved chief tasks included: a) 

Identifying valuable strawberry cultivars; b) 

Selecting strawberry cultivars for introduction 

into tissue culture with the improvement of the 

technological scheme of microclonal 

propagation specifically for each variety at the 

stages of sterilization of explants, tissue 

culture introduction, primary regeneration of 

A. auxin - indole-3- butyric acid, B,C. Auxin 

is an extract of the bark of weeping willow 

(Salix).Cultivars 

Number of 

introduced 

explants  

Regeneration 

rate (%) 

Proliferation, 

reproduction 

coefficient 

Rhizogenesis 

(%) 

Malwina 105 95 1:10 90 

Sabrina 90 85 1:7 80 

Black Prince 100 95 1:8 90 

Red Gauntlet 95 90 1:5 85 
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Table 3. Identification of virus infection of strawberry varieties. 

Virus name 
Strawberry varieties 

Malvina Sabrina Red Gotlit Black Prince 

Strawberry vein banding virus (SVBV) - - - - 

Strawberry crinkle virus (SCV) - - - - 

Strawberry mottle virus (SMV) - - - - 

Strawberry pallidosis-associated virus (SPaV) - - - - 

Beet pseudo yellows virus (BPYV). - - - - 

 

 
Figure 4. Results of RAPD amplification with markers. 
A-samples 5-8 with marker №. 1; 1-8 with marker №. 8. B-samples 5, 6, and 8 with marker №. 4; 6-8 with marker №. 5; 6-8 with 

marker №. 6. C- samples 6-8 with markers №. 7 and №. 8; 5-8 with markers №. 10 and №. 11. D-samples 6 and 8 with marker 

№. 12; 4-8 with marker №. 13; 6-8 with marker №. 14; samples 7 and 8 with marker №. 15. E- samples 3-8 with marker № 1; 6-

8 with marker №. 9; samples 2, 4, and 5 with marker №. 5; 2 and 5 with marker №. 6. F- samples 2 and 5 with markers №. 7 and 

9; 2nd sample with markers №. 11 and 13; samples 2, 5, and 6 with marker №. 15. G-1 and 2 samples with 4-7 and 11 markers; 

4th sample with 6 markers. H- 1 and 2 samples with 3-5 and 8-10 markers. I-1 and 2 samples with 1-3 and 12-15 markers. J - 7th 

sample with marker № 4; 5th sample with marker №. 12. K- samples 3 and 4 with markers 1-15. M-1 kb Ladder. 
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Figure 5. Basic and baseline brood stock strawberry: A-basic, B-baseline. 

 

apexes, and proliferation and rhizogenesis with 

genotype preservation; c) A sufficient amount 

of material propagated in the tissue culture, 

improving the adaptation period - during in 

vitro - ex vitro plant transition; d) in the 

greenhouse, microcloned plants grown to 

standard sizes of the regular category and 

replicated to basic rosettes; e) Control of virus 

infection by OT-PCR and the absence of 

chimeras by RAPD for establishing standard 

and reproductive mother plantings; and f) 

Seedlings planted for the establishment of 

prime and major mother plants. 

 The control of virus infection by OT-

PCR of microcloned strawberry plants showed 

no virus infections. Identification of virus 

infection ran on four strawberry cultivars 

(Table 3) to study the genetic profile and 

detection of five viruses: SVBV, SCV, SMV, 

SPaV, and BPYV.  

 RAPD analysis used 15 primers to 

genotype microcloned plants of four strawberry 

cultivars (Figure 4) for the absence of chimeric 

plants. Figure 4 shows the results of RAPD 

amplification with markers that indicate a 

reliable chimera absence. Most of the 15 

primers used in the RAPD analysis successfully 

generated assessable bands for both 

conventionally propagated and meristem-

derived plants; however, the pattern of RAPD 

bands differed slightly among the tested 

cultivars. As expected, the banding patterns 

observed in meristem-derived plants were 

similar to those observed in conventionally 

propagated plants for all four cultivars. In 

2023, primary and basal mother plants of 

strawberry varieties continued for planting in 

the spring on 0.02 ha (Figure 5). 

 

 

CONCLUSIONS 

 

In strawberries (Fragaria x ananassa), the 

clonal micropropagation technology for 

obtaining eco-seedlings was better. The 

nutrient medium modifications at all stages of 

the technological scheme comprised the 

introduction of growth regulators of a plant 

origin into the nutrient medium composition. 

The propagated strawberry planting material 

occurred free from virus infections, namely, 

Strawberry vein banding virus (SVBV), 

Strawberry crinkle virus (SCV), Strawberry 

mottle virus (SMV), Strawberry pallidosis-

associated virus (SPaV), and Beet pseudo 

yellows virus (BPYV). The healthy planting 

material was free from chimeras and served as 

plant base in nurseries. 
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