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OPTIMIZATION OF NUTRIENT MEDIUM COMPOSITION
FOR CLONAL MICROPROPAGATION
OF FRAGARIA ANANASSA

The article presents the results of research on optimization of
the composition of nutrient medium for effective replication of garden
strawberry (Fragaria x ananassa) microplants. Garden strawberry is
a highly demanded berry crop due to its high flavor and rich vitamin
composition. Biological features of this crop create limiting factors for
accelerated multiplication of high-yielding varieties and their introduction
into production. The method of clonal micropropagation allows overcoming
many problems of vegetatively propagated crops, including those related
to stunting and disease incidence. In this study, the effect of agar-agar
as a part of nutrient medium MS and dosage of BAP preparation on the
dynamics of development of strawberry plants under in vitro conditions was
investigated. The results of the study showed that for induction of strawberry
(Fragaria % ananassa) morphogenesis under in vitro conditions, the use
of liquid nutrient medium MS with the addition of BAP preparation at a
dosage of 0.5 mg/L is the most effective, since the plant height growth, leaf
and root formation are higher. Thus, using liquid nutrient medium with BAP
preparation at a dosage of 0.5 mg/l, it is possible to obtain fully formed
plants with well-developed root system and developed leaf apparatus in
a short period of time. This is of great practical importance to accelerate
the growth of strawberry starter material of valuable varieties, suitable
for further propagation in production.

Key words: strawberry, nutrient medium, development, in vitro,
height, root formation.
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Introduction

Garden strawberries are known for their juicy and sweet flavor and are a
valuable source of vitamins, antioxidants and other nutrients. It contains a large
amount of vitamin C (583 mg/kg fresh berry weight), as well as vitamins B,
A, K, E, beta-carotene, minerals valuable for the human body: iron, calcium,
magnesium, zine, potassium, fluorine, phosphorus and other valuable substances.
Garden strawberries are a popular and demanded agricultural crop. In 2023, the
collection of garden strawberries in Russia amounted to more than 1.75 million
tons, of which more than 80 % of the berries were obtained in the North-Caucasus
and Southern Federal Districts. High demand for garden strawberries in the market
causes the need to improve the technology of its cultivation [1, p. 45; 2, p. 35-40].

Both in Russia and Kazakhstan nowadays the issue of planting industrial
plantations with certified high-yielding material in sufficient quantity is
acute [3, p. 74]. The use of basic certified planting material in mother and
industrial plantations of fruit and berry crops increases the production increment by
1.5...4.0 as compared to the use of row material [4, p. 28-30].

The main obstacle in the promotion of new and valuable healthy varieties is the
duration of strawberry propagation by the traditional method and the high cost of
seedlings. Since its seeds are slow-germinating, producers face big problems with
germination when using them. Traditionally, garden strawberries are propagated
vegetatively by means of whiskers, but, for example, for remontant strawberries this
method of propagation is ineffective, because during the growing season it forms
1-2 whiskers per rosette [4, p. 28]. In addition, the vegetative method of propagation
is more conducive to the transmission from the mother plant and accumulation of
fungal and viral pathogens in seedlings [3, p. 74-75].

In overcoming these difficulties, the use of the method of clonal
micropropagation in vitro, which allows not only to obtain plants recovered from
phytopathogens, viruses and other infections, but also significantly accelerate
the process of reproduction (up to 3 million seedlings per year from one initial
plant), which is of particular value for garden strawberry varieties that are poorly
propagated vegetatively because of low runners-forming ability [5, p. 42-45].

Many researchers have developed approaches to use the method of clonal
micropropagation for berry crops, as in this case the potential of plant organism for
reproduction is most fully realized. Under in vitro conditions, it is most possible
to eliminate phytopathogens and obtain healthy planting material for further
propagation. High reproduction rate of regenerants in in vitro culture directly
depends on the use of optimal growing conditions [6, p. 60—63].

Under in vitro conditions, the reaction of genotypes is stronger than
in traditional methods of propagation, and the influence of physiological,
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hormonal and physical factors, which must be taken into account for
successful propagation, is more significant [4, p. 32-34; 5, p. 45-49;
6, p. 62-63].

Despite the large number of studies in the direction of improving the efficiency
of the technology of clonal micropropagation of strawberry in vitro, the problems
remain, which requires further study [7; 8; 9; 10].

The aim of the study was to investigate the effect of agar-agar as a part of
nutrient medium MS and the dosage of BAP preparation on the dynamics of
strawberry (Fragaria x ananassa) plant development under in vitro conditions to
accelerate the growth of strawberry starter material suitable for further in vivo
propagation.

Materials and methods

The research was conducted in the laboratory of NCJSC «Toraighyrov
University» (October 2023 — February 2024). The object of the study were cultured
plants of strawberry variety Rujana (Czech variety of alpine strawberry).

Work with tissue culture was carried out in a laminar box Sentinel™ Gold
Microprocessor Control System according to the generally accepted methodology
[2, p. 35-36]. Strawberry regenerant plants obtained in the laboratory of NCJSC
«Toraigyrov University» served as an object of study.

PB-16 tubes with cotton-gauze plugs were used for plant cultivation.
Nutrient media were prepared on the basis of the mineral basis of MS medium
(Murashige Skooga) with 3-times increased concentration of iron chelate, 6-BAP
at a concentration of 0.5 mg/L, IBA at a concentration of 1.0 mg/L, casein
hydrolysate 120 mg/L, sucrose 20 g/L. After planting in nutrient medium, tubes
with explants were placed in a phytocamera, where they were cultured at 26+2 °C.
White spectrum fluorescent lamps were used as a light source and the illumination
was 3000 Lx. A 16-h photoperiod was used. The relative humidity level was
maintained within 70 %.

During the experiment, the work was carried out according to the generally
accepted protocols of clonal micropropagation of plants [2, p. 35-36].

During the experiment, 4 variants of cultivation were studied.

In each variant, 10 plants were studied in 3-fold repetition. When analyzing
the root system development, a 3-point system was used, and the following was
considered: 1 point — the number of roots no more than two hairs; 2 points — the
number of roots 3—4 hairs; 3 points — the number of roots 5 or more hairs.

When analyzing leaf formation, the number of leaves in pieces was taken
into account.
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Research options:

To study the dynamics of development of strawberry regenerant plants, the
following variants of Murashige-Skoog medium composition were included in
the study:

1 variant MS + | mg/l IBA + 0.5 mg/l BAP + agar-agar;

2 variant MS + | mg/l IBA + 1 mg/l BAP + agar-agar;

3 variant MS + | mg/l IBA + 0.5 mg/l BAP;

4 variant MS + 1 mg/l IBA + 1 mg/l BAP.

The following parameters were measured regularly during cultivation: number
of leaves, root development and plant height.

Subsequently, these indicators were processed using the program
STATISTICA for Windows, 6.0 (StatSoft, Inc. 1984-2001).

The experiment to study the dynamics of development of strawberry
regenerant plants on media with and without agar-agar addition, as well
as with the use of different dosages of cytokinin preparation BAP lasted
about 4 months Strawberry explants were transplanted into PB—16 tubes
(Figure 1).

Figure 1 — Regenerant plants at the beginning of the experiment

Results and discussion

During the experiment, results were observed for the following indicators:
- height of plant stems in cm;

- number of developed roots in points;

- leaf formation in pcs.

The results of measurements were recorded in Table 2.
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Table 2 — Indicators of strawberry regenerant plant development

Average development indicators
. Date of Root
Variant measurement | Number of Plant height, cm | development,
leaves, pcs .
points
1 variant 21.12.2023 4,8+0,3 1,0+0,3 1,9
28.12.2023 5,1+0,2 1,3+0,2 2,7
12.01.2024 8,3+0,3 2,2+0,4 3,0
22.01.2024 9,6+0,4 3,1+0,3 3,0
2 variant 21.12.2023 4,4+0,4 1,2+0,2 1,7
28.12.2023 4,9+0,3 1,4+0,3 2,3
12.01.2024 7,8+0,2 2,4+0,3 2,6
22.01.2024 9,8+0,4 3,0+0,2 2,8
3 variant 21.12.2023 5,1+0,2 1,4+0,2 2,2
28.12.2023 5,9+0,3 1,9+0,3 2,6
12.01.2024 9,5+0,5 2,6+0,4 2,9
22.01.2024 12,6+0,4 4,0+0,3 3,0
4 variant 21.12.2023 5,0+0,3 1,0+0,3 2,0
28.12.2023 5,8+0,3 1,2+0,4 2,4
12.01.2024 9,3+0,4 2,4+0,4 2,6
22.01.2024 12,0+0,3 3,7+0,3 2,8

During the experiment, it was noted that the aggregate state of the nutrient
medium had a greater effect on plant development than the dosage of BAP
preparation. When comparing plants with similar composition of nutrient medium
(for example 1 and 3 variants), it can be noted that plants on agarized medium are
significantly inferior in development to plants grown on liquid medium (Figure
2). Apparently, this is due to the higher dissociation rate in liquid solution and
greater availability of nutrient ions.
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Figure 2 — Strawberry plants 15 days after planting in in vitro conditions:
1) solid agar-agar medium; 2) on liquid medium

When comparing the average development indicators, it can be concluded that
the increased dose of BAP preparation had a restraining effect on the development
of the root system. At the same time, this effect was observed in variants with
agarized medium and without agar-agar.

When comparing leaf formation and height indicators, the data were obtained
indicating that the dosage of BAP preparation - 1 mg/l had some suppressive effect
on the development of strawberry regenerant plants and it was observed both on
liquid medium and agar-agarized medium, this confirms the conclusions made by
Tashmatova L.V. in work with blackberry culture [6, p. 61-63].

If we compare the indicators of plant development on agarized medium
with a similar composition, they were lower than those on liquid medium. Thus,
in variants with dosage of BAP — 0.5 mg/l, the average number of leaves in the
variant with liquid medium was 31 % higher and the average height of plants was
29 % higher than in solid medium, in the variant with dosage of BAP — 1.0 mg/l,
the number of leaves in the variant with liquid medium was 22.5 % higher and
the average height of plants was 29 % higher than in solid medium (Figure 3).
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Development indicators at the end of the experiment
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Figure 3 — Comparative characterization of strawberry plants development
indicators in vitro by experiment variants

Conclusion

Thus, in the course of the conducted studies it was revealed that for induction
of strawberry (Fragaria x ananassa) morphogenesis in in vitro conditions, the
use of liquid nutrient medium MS with the addition of BAP preparation in the
dosage of 0.5 mg/l is the most effective, since in this case the dynamics of plant
development is more optimal, i.e. in a short period of time it is possible to obtain
fully formed plants with well-developed root system and developed leaf apparatus.

The results of the conducted research allowed us to draw the following
conclusions: when comparing the indicators of plant development (Fragaria x
ananassa) in in vitro conditions on agarized medium in variants with the dosage
of BAP preparation — 0.5 mg/l, the average number of leaves in the variant with
liquid medium by 31 % was more and the average height of plants more by
29 % than on solid medium, in the variant with the dosage of BAP preparation
— 1.0 mg/l, the number of leaves in the variant with liquid medium by 22.5 %
was more and the average height of plants more by 29 % than on solid medium.

The use of liquid modification of MS medium with the addition of IBA
1 mg/l and BAP 0.5 mg/l is reasonable to use in production conditions to increase
the planting material of valuable strawberry varieties (Fragaria x ananassa) for
subsequent transplanting into the soil or hydroponics.
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KOPEKTIK OPTAHBIH KYPAMBIH ’KAKCAPTY KOJIJJAPBI
FRAGARIA ANANASSA KJIOHJABIK MUKPOKOBEIO YIIITH

Maxkanaoa 6axkuwa Kynmneinaiiein (Fragaria * ananassa) mukpomapamy
YUWLH KOpeKmiK Opmawnvly KypamolH muimoi OHMauianovlpy 6oubiHdA
3epmmey Homudcenepi Oepineen. [Jomoik canacel MeH 8UMAMUHOIK
Kypamol dcozapvl 0012aHObIKMaK, 6aKua KyinslHaiivl Key CypaHvlcKa
ue dfcudex mooeHuemi 60a6in Mmaodwvliaowvl. bByn 0akpiioviy OUOI0UANBIK
epeKueniKkmepi Hco2apsl OHIMOI cOpmmapobl dHcedeil Kebelniy MeH 01apobl
eHOIpicKke eHzizyee wiekmey Kotbin omulp. Kionowvix mukpokebero adici
8e2emamusmi #coameH Kebeliemin 0aKplioapoazvl KUbIHOLIKMAPObl, COHbIH
iwinoe ecipyoezi keoepziiep MeH aypyrapad Kapcol 0CaloblK Mocenelepi
wewyee MymKiHOik bepedi. Ocvl 3epmmeyode azap-azapoviy MC Kopexmik
opmacwvinoaasl Kypamul dxcone BAIl npenapamuinvly 003upo6Kacyl
KYANbIHAU 6CIMOIKMePIHIK in Vitro dcaz0aublHod2bl 0amy OUHAMUKACLIHA
ocepi 3epmmendi. 3epmmey Homudicenepi Kopcemrenoeu, KyanviHai
Odakwinvinely (Fragaria x ananassa) in vitro sicazoaiivinoazvl Mopghocenesin
unoykyusnay ywin MC cyiivik Kopekmix opmacwvirn BAII npenapamuitsiy
0,5 me/n 0o3upogracvimer natoailany ey muimoi 601vin mabwvliaosl,
elimkeHi Oy scaz0atioa eciMOiK GUIKMI2l, Hcanvipax my3y HcoHe mamvip
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my3y kepcemkiwimepi scozapuinaiiosi. Oceiratiwia, BAI npenapamuitbiy
0,5 me/n 0o3acel bap cyiivik KOpeKkmix opmatvl KOJIOAHY apKblibl KblCKA
Mep3im TwiHOe HCaKCbl OaMbl2aH MAMbIP HCYUec MeH HCAnbIpak annapanmbl
bap mobiKKanowvl ocimoikmepoi anyza 60naovl. Byn basanvt copmmapobiy
bacmanksl Mmamepuanviy oHOIpicme 9pi Kapail Kedetimyee Hcapamosvl emin
mesipex HCUHAKMAY YWiH YIKeH NPAKMUKALbIK MAKbl32d Ue.

Kinmmi ce30ep: Kyanvinail, Kopekmix opma, oamy, in vitro, Ouikmix,
Mamvip mysy.

*M. I'. Hoorcuoaes’, M. H. Anuxuna’

12 TopalrbIpOB YHHBEPCHUTET,
Pecny6inka Kazaxcran, 1. [TaBmomap.
IMocTtynumno B penakumio 15.11.24.
IMocTtynuino ¢ ucnpasnenusimu 25.11.24.
IIpunsTo B neuars 09.12.24.

ONTUMM3AIINSA COCTABA MUTATEJBHOM CPEJIBI JIJISA
KJIOHAJIBHOT'O MUKPOPA3ZMHOKEHUSI FRAGARIA ANANASSA

B cmamue npedcmasnenvi pesyibmanvl uccie008aHUL O ONMUMUAYUU
cocmasa nUmMamenvHol cpedvl 0 IPHeKMUBHO20 MUPaANCUPOBAHUSL
Mukpopacmenuil 3emasnuxku caooeou (Fragaria x ananassa).
Semnsanurka cadosas 6 c6a3uU ¢ GbICOKUMU BKYCOBLIMU KAYECTNBAMU U
Oo2amvimM BUMAMUHHBIM COCIABOM SABIACMCS BbLCOKOBOCMPEOOBANHOT
A200HOU Ky1bmypou. Buonoeuueckue ocobeHnocmu OAHHOU KYabHypbl
coz0aiom ocpanuyusarouue Gakmopul 0 YCKOPEHHO20 PAZMHONCEHUS
BbICOKOYPOICAHBIX COPMOSG U 6HEOPEHUs UX 8 Npou3eoocmso. Memoo
KIOHANbHO20 MUKPOPA3ZMHOICEHUs NO3GOJIAem NPeoooeeams MHO2Ue
npobaemMbl 8e2emamueHo pa3MHONCACMbIX KYIbMYP, 6 MOM Yucie
CBA3AHHbIE C MY208COACECMBIO U NOPAANCACMOCTBIO Ooae3HAMU. B 0annom
uccnedo8anul U3yieHo GIUsAHUE a2ap-azapa 6 cocmase NUmamenbHol
cpedvr MC u dozuposxku npenapama BAIl na ounamuxy paszeumus
pacmenuil 3eMIAHUKY 6 YCA08UAX in vitro. Pe3ynbmamul ucciedosanui
noKkasanu, 4mo 0aa UHOYKYuu mopghozeneza Kyibmypol 3eMIAHUKU
(Fragaria % ananassa) 6 yciogusax in vitro ucnonb3o8anue JcuoKoll
numamenvHoti cpedvl MC ¢ dobasnenuem npenapama BAII 6 dozuposke
0,5 me/n naubonee 3¢ppexmugrno, max Kax npu 3Mom NOKA3AMeNU
npUpOCma 8blCOMbL pACMeHUll, IUCMoodpazoeanue u KOpHeoopazoeanue
bonee gvicokue. Takum 06pazom, UCNONBL3YA HCUOKVIO NUMATNENLHYIO
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cpedy ¢ npenapamom BAIl 6 oosuposexe 0,5 me/n, ¢ 3a kopomKuii cpox
MOIICHO NOLYHUMb NOIHOYEHHBLE CHOPMUPOBAHHBIE PACTNEHUSL C XOPOULO
PA38UMOL KOPHEBOU CUCTNEMOU U PA3BUMBIM TUCHOBbIM ANNAPaAmom. Imo
umeem 60abUIOE NPAKMUYECKOE 3HAYUeHUe OISl YCKOPEHUs HapauWuEaHusl
CmMapmo8o20 Mamepuana 3eMusIHUKY YEeHHbIX COPMO8, NPU20OHO20 Osl
oanvhetiue20 pazmMHONCeHUs 8 NPOU3Bo0Ccmee.

Kniouesvie cnosa: semnanuxa, numamensnas cpeoa, paseumue, in
vitro, gelcoma, Kopneoopasosanue.
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