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Abstract. Purpose. The systematization of information on the micro clonal reproduction of representatives of the 
Ribes spp. genus, including the rooting of micro shoots and their adaptation in ex vitro conditions. Methods. A 
comparative analysis was used to review foreign and domestic literature on the cultivation of berry crops using 
the method of microclonal propagation. Results. It is possible to increase the reproduction coefficient of healthy 
pure-cultivar Ribes spp. planting material in conditions of micro clone reproduction, taking into account genotypic 
features. Obtaining viable explants when introduced into in vitro culture is achieved, first of all, by choosing a 
high-quality source material, the phase of plant development during the isolation of explants and the selection of 
nutrient media. In addition, the positive introduction is influenced by the effectiveness and toxicity of the steril-
izing agent, the fight against phenolic oxidation of explants and the medium, the range of growth regulators dur-
ing the periods of the introduction, micropropagation and rhizogenesis. The greatest production losses occur at 
the stage of acclimatization of micro-shoots in non-sterile conditions, which is associated with the weak work of 
enzymes for carbon fixation in the required volumes and the unformed water regime due to the difference in the 
microclimate in the test tube and open ground conditions. Various technologies of adaptation of the representatives 
of this genus to external conditions are presented, ranging from the selection of a substrate in greenhouses to the 
development of special climate chambers with optimal conditions. Despite the contradictory results, the idea of 
the success of the use of certain preparations for Ribes spp. is expanding, the quality of the planting material is 
improving, however, the methodology for obtaining pure-variety planting material taking into account the varietal 
characteristics, has not been fully developed, and the issues of adaptation at the ex vitro stage have not been fully 
resolved. Scientific novelty. The review of the reports is presented taking into account new domestic and foreign 
scientific developments of the stages of microclonal reproduction of berry crops, depending on the species and 
genotypes, as well as the issue of acclimatization in ex vitro conditions is discussed.
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Аннотация. Цель − систематизация информации по вопросам микроклонального размножения 
представителей рода Ribes spp., в том числе укоренение микропобегов и их адаптация в условиях ex vi-
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tro. Методы. Использовали сравнительный анализ при обзоре зарубежной и отечественной литературы 
по выращиванию ягодных культур методом микроклонального размножения. Результаты. Увеличить 
коэффициент размножения оздоровленного чистосортного посадочного материала представителей рода 
Ribes spр. возможно в условиях микроклонального размножения с учетом генотипических особенностей. 
Получение жизнеспособных эксплантов при введении в культуру in vitro достигается прежде всего 
выбором качественного исходного материала, фазы развития растения в период изоляции эксплантов 
и подбора питательных сред. Кроме того, на положительный исход введения влияет эффективность и 
токсичность стерилизующего агента, борьба с фенольным окислением эксплантов и среды, ассортимент 
регуляторов роста в периоды введения, микроразмножения и ризогенеза. Наибольшие производственные 
потери происходят на этапе акклиматизации микропобегов в нестерильных условиях, что связывают со 
слабой работой ферментов для фиксации углерода в необходимых объемах и несформировавшимся водным 
режимом из-за разницы микроклимата в пробирке и условий открытого грунта. Представлены разные 
технологии адаптации представителей данного рода к внешним условиям, начиная от подбора субстрата 
в теплицах до разработки специальных климатических камер с оптимальными условиями. Несмотря на 
противоречивые результаты, расширяется представление об успешности применения определенных 
препаратов для рода Ribes spр., повышается качество посадочного материала, однако полностью не 
отработана методика получения чистосортного посадочного материала с учетом сортовых особенностей, 
и полностью не решены вопросы адаптации на этапе ex vitro. Научная новизна. Представлен обзор 
литературы с учетом новых отечественных и зарубежных научных разработок этапов микроклонального 
размножения ягодных культур в зависимости от видовой принадлежности и генотипа, а также вопрос 
акклиматизации в условиях ex vitro.
Ключевые слова: культура in vitro, срок введения в культуру, питательные среды, регуляторы роста 
растений, укоренение, адаптация ex vitro. 
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Introduction
Since 2013, the volume of the yield of fruits and 

berries has grown 2.3 times in Russia and in 2022 
reached a peak of more than 1.5 million tons of prod-
ucts. In parallel, during this period, over 140 thousand 
hectares of perennial plantings of fruit and berry crops 
were laid, of which 66 % were intensive orchards [1].

Berry production requires high costs and includes 
the costs of planting, tending care before and during 
fruiting, organization of harvesting and sale of prod-
ucts. To increase the profitability of berry crop cultiva-
tion, it is necessary to modernize technologies [2]. 

Most pathogens, pests and diseases spread mainly 
with planting material. It is known that the quality of 
seedlings highly affects the future state of plantations 
and their productivity [3].

It is impossible to obtain healthy planting material 
propagating berry crops by traditional methods.  In vitro 
culture technology alone or together with other meth-
ods of healing (thermo-, chemotherapy) contributes to 
achieving high elimination of viruses, bacterial and fun-
gal diseases and obtaining more regenerating plants [4].

The plants obtained by this method are character-
ized by increased frost resistance, enhanced formation 
of basal shoots, branch buds, high yield (1.5–4 times 
more), and the seedlings themselves have a higher root-
ing ability and development of the root system [3; 5].

Currant is a popular and valuable berry crop due to 
high concentrations of biologically active substances, 
antioxidants, vitamins, sugars and mineral components. 
It can be propagated by traditional methods – softwood 
and hardwood cuttings, layering, bush division and 
grafting. But these methods cannot provide a high rate 
of expansion of currant plantings. The use of in vitro 
culture technology is more promising, with the help 
of which it is possible to obtain a genetically homoge-
neous and healthy material [6]. 

Microclonal reproduction is studied taking into ac-
count the biological characteristics of the cultivar, so 
the issue of improving the technique of in vitro culture 
remains relevant, in particular for currants.

The purpose of this study was to generalize the lit-
erature data on the technology of microclonal repro-
duction of Ribes spp. representatives.

Methods
The main research method was a comparative anal-

ysis of the scientific publications of domestic and for-
eign experts mainly over the last 20 years on the use of 
growth regulators in the in vitro culture, selection of 
conditions for introduction, micropropagation and ad-
aptation of berry crops in vivo.

Results
Cultivation of plants in vitro is currently a popu-

lar method of plant reproduction, since it is possible to 
solve a number of tasks:©
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− improving the quality of planting material: the 
increase of genetic homogeneity and cropping power;

− getting healthy plants from viral, bacterial, fungal 
diseases and pests through the use of meristem culture 
in vitro;

− a large number of the resulting planting material 
with shorter production terms; 

− the possibility of year-round production of plants 
and their release by a certain date; 

− long-term deposition of mericlones without con-
tact with the external environment;

− exchange of plant material with other organiza-
tions without the risk of infecting it with quarantine 
facilities [7].

In breeding, the method of microclonal reproduc-
tion makes it easier to create new forms and varieties: 
the time for releasing valuable genotypes is reduced, 
the genotypes of parental forms are preserved and the 
duration of the breeding process is shortened. To date, 
both in Russia and abroad, the list of species and variet-
ies, to which the method of culture of isolated tissues is 
being applied, is gradually expanding [7].

According to the degree of involvement in breed-
ing, V. S. Shevelukha and co-authors divided the in vi-
tro tissue culture method into two groups:

1.Technologies that supplement breeding: in vitro 
fertilization (overcoming progamous incompatibility); 
cultivation of ovules and immature hybrid embryos 
(overcoming postgamous incompatibility); cultivation 
of anthers and microspores with subsequent production 
of haploids; cryopreservation of isolated cells, tissues 
and organs; microclonal reproduction of remote hy-
brids.

2. Production of new forms and varieties, separate 
from traditional breeding methods: cell selection using 
callus cells; somatic hybridization (fusion of isolated 
protoplasts and production of non-generic hybrids); ap-
plication of genetic engineering technology [8]. 

To obtain and cultivate remote hybrids, the follow-
ing in vitro culture methods are used: in vitro fertiliza-
tion, embryoculture, microclonal reproduction of valu-
able hybrids, haploid production in vitro, cryopreserva-
tion [8].

The process of microclonal reproduction usually 
consists of several stages:

1. Preliminary stage: disinfection of the initial plant 
material taken in the optimal phase of development for 
introduction into culture.

2. Introduction to in vitro culture: organization of 
favorable conditions for explant cultivation on nutrient 
medium.

3. Proper microclonal reproduction: stimulating the 
development of lateral buds by removing apical domi-
nance; micro propagation by cuttings of shoots that 
have retained apical dominance.

4. Extension of micro-shoots and rhizogenesis.
5. Transfer of test tube plants to ex vitro conditions, 

adaptation to non-sterile conditions and transplanting 
into the greenhouse [9; 10]. 

The effect of the introduction timing and size of 
explants on the development of micro-shoots. The 
result of the introduction of Ribes spp. representatives 
into the culture in vitro depends mainly on the quality 
of the source material and on the phase of plant devel-
opment during the isolation of explants. Annual shoots 
are suitable for introduction. Usually, both dormant 
buds taken at the end of winter / early spring and young 
tops of shoots in the active growth phase (May – June) 
are used [4; 11–13]. If adult plants serve as the starting 
material, necrosis of explant tissues and phenolic oxi-
dation may increase, which, according to the authors’ 
assumptions, is associated with the physiological age 
of the original plant. However, in experiments with 
golden currant, there are no significant differences in 
the reproduction coefficient of materials taken from ju-
venile and adult sources [14].

The size of the explant affects the rate of micro-
reproduction. Larger explants reduce the time of ob-
taining a full-fledged plant; however, this option is 
only suitable for taking plant material from a virus-free 
plantation [12].

According to the reports of M. J. S. Cárdenas 
(2016), the size of the explant affects its survival and 
small sizes (2–3 mm) are not optimal for high survival 
of meristems on the medium. The use of explants with 
a height of 6–10 mm contributes to the preservation of 
above 50 % of meristems in vitro, and this has been 
confirmed by other authors [13; 15]. C. G. Manole and 
co-authors took Ribes rubrum explants with a size of 
3–5 mm, which allowed them to obtain viable micro-
plants and study the relationship between the height of 
sprouts and the concentration of sucrose in the nutrient 
medium [16].

There is a difference in the growth rates of plants 
from the meristems of apical and axillary buds [12] and 
this is associated with inhibition of the growth of axil-
lary buds due to the dominant influence of the leading 
shoot [17]. 

Phenolic oxidation and ways to fight it. When 
buds and micro-shoots are injured during in vitro cul-
ture and transplants, phenolic compounds are oxidized 
due to the release of toxic substances. Phenolic oxi-
dation visually looks like darkening of the tissue and 
nutrient medium and physiologically it interferes with 
the normal course of growth processes. In this regard, 
G. P. Atroschenko [18] recommends pretreatment of 
currant explants with a solution of a mixture of anti-
oxidants (ascorbic acid, EDTA), as well as treatment 
with these substances before separating conglomerates 
and transferring them to a new medium of antioxidants. 
Buds can also be immersed for 30 minutes in an an-
tioxidant mixture of citric and ascorbic acids (0.1 g/l 
of each acid) [13]. For black currant, S. A. Matushkin 
recommends pre-washing explants in ascorbic acid 
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(20.0 mg/l) and transplanting them to a nutrient me-
dium with its content. This procedure will not only re-
duce the negative effect of phenols on growth, but will 
also increase the regenerative capacity by 20.0–-44.4 % 
[19]. In experiments with golden currant, glutathione 
(200 mg/l) had a positive effect). This antioxidant con-
tributed to an increase in the reproduction coefficient 
of ‘Valentine’ from 3.9 to 6.8 pcs/explant. The authors 
noted the manifestation of varietal specificity of the re-
action to glutathione [14]. 

Disinfection of the initial plant material and se-
lection of a sterilizing agent. Disinfection of the start-
ing material is an important step before introduction 
into culture, since pathogenic microflora ‒ bacteria, 
fungi and their spores remain on the surface of plant 
tissues. Before sterilizing explants, they are washed 
with running water for 30–45 minutes [12]. Also, 
washing is carried out with the addition of detergents. 
M. J. S. Cárdenas [13] recommends keeping buds be-
fore sterilization in a mixture of fungicidal-bactericidal 
solution (captan 2.7 g/l + streptomycin 0.5 g/l + beno-
myl 1.8 g/l) for 12 hours in a shaker to disinfect the 
explants completely.

The sterilizing agent should neutralize the micro-
flora without damage to plant tissues [9]. The steriliza-
tion time is regulated depending on the concentration, 
type of sterilizing agent and type of the explant. Plants 
grown in the field are recommended to be sterilized 
twice with a 24-hour interval. According to the degree 
of disinfecting effect, sterilizers can be conditionally 
divided into groups: with strong, medium and weak 
disinfecting effect.

The group with a strong disinfecting effect includes 
compounds containing mercury: sulema (mercury 
chloride (II)), diacid, mercury nitric acid and silver 
nitric acid. The group with an average disinfecting ef-
fect includes chlorine-containing compounds: sodium 
and potassium hypochlorites, chloramine and chloride 
lime. Hydrogen peroxide and potassium permanganate 
have oxidizing properties and belong to the group with 
a weak disinfecting effect [20].

Various compounds are used as a sterilizer for cur-
rants. For Ribes spp. the protocol “Micropropagation 
of Rubus and Ribes spp.” recommends rinsing the 
buds in 70% alcohol for 1 min and then in 10–12 % 
calcium hypochlorite solution for 10–12 minutes. If 
the tops of annual softwood shoots are treated, alcohol 
treatment should be avoided and the tips of the shoots 
should be washed in a solution of calcium hypochlorite 
of the same concentration, but within 5 minutes [12]. 
M. J. S. Cárdenas [13] used a combination of 70 % eth-
anol (5 seconds) and 1% sodium hypochlorite solution 
(10 minutes) for disinfection of three Ribes represen-
tatives. Contamination of explants varied from 16 to 
44 % depending on the type of plant. Chlorine−based 
disinfectants – 0.3 % solution of HMI UNI S and 1 % 
solution of HMI Tabidez-56 proved to be optimal for 

washing buds, and alternate treatment with them made 
it possible to achieve 100 % pure culture. However, the 
explants did not develop for a long time after that, and 
in some cases died [21]. In experiments with golden 
currant, 70 % ethanol (3–5 seconds) and 0.1% solution 
of sulema (mercury (II) chloride) (20 minutes) were 
used for buds sterilization followed by 4-fold washing 
with sterile distilled water [14]. An increase in the ex-
posure of 0.1 % sulema from 1 minute to 7 minutes 
in combination with treatments with 70 % ethanol and 
0.2 % benlate led to a decrease in the number of in-
fected explants (from 50 % in ‘Fertodi Piros’ to 10 % 
in ‘Nenaglyadnaya’) and an increase in the number of 
viable explants [4]. Mercury (II) chloride at a concen-
tration of 0.15 % with the addition of a wetting agent 
(Tween-20) (immersion for 1 min.) reduced the level of 
contamination of the medium to an average of 25.7 %, 
while no darkening of explants or the medium caused 
by the oxidation of phenolic substances was observed 
[15]. The application of 0.1 % merthiolate solution (3 
minutes) for explant treatment reduced the proportion 
of contamination to 13.2–64 % [22]. Hydrogen perox-
ide is used as a sterilizer for fruit crops in various con-
centrations from 3 to 30 % [4; 23; 24]. Silver nitrate 
(0.1 %) is used as a sterilizer not only for disinfection 
of buds, but also seeds [20; 25]. 

Experience in the use of nutrient media on Ribes 
plants and their modification at the stage of intro-
duction and micro reproduction. The composition 
of the culture medium significantly affects the success 
of microclonal reproduction. Murashige – Skoog (MS) 
medium is more often used for the culture of currant 
cells, while changing the salt composition depending 
on the stage of cultivation: introduction, reproduc-
tion and rooting of micro-shoots [12; 26]. There are 
also works using McCown medium for woody plants 
(WPM), characterized by a lower content of macro-
nutrients [27]. However, it turned out to be unsuit-
able for ‘Detvan’, ‘Vitan’ and ‘Rote Hellandische’ at 
the stage of micro-propagation of the tops of shoots. 
The plants had symptoms of yellowing or chlorosis. 
‘Rotte Holländische’ had a higher multiplication coef-
ficient (2.1 pcs/exp) on MS medium with a BAP con-
tent of 1.0 mg/l and 2.0 mg/l than on WPM medium 
with the same BAP concentrations [15]. In addition to 
Murashige – Skoog and McCown media, it is possible 
to use macro- and microsols for the introduction of red 
currant explants according to the Anderson, Lee and de 
Fossard media [4; 28]. Most of the valuable fruit and 
berry crops studied in the work (honeysuckle, aronia, 
raspberry, blackberry, currant, gooseberry, actinidia, 
blueberry) showed better results of the reproduction 
coefficient on the nutrient medium QL compared with 
MS [29; 30]. The positive effect of the QL nutrient me-
dium was noted in the experiments with gooseberries: 
the reproduction coefficient increased by 1.3–1.8 times 
compared to the Murashige – Skoog medium [31]. In 
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addition to the above-mentioned culture media, DKW 
(Driver – Kuniyuki Walnut medium) was tested for Ri-
bes horasanicum, however, it was less effective than 
Murashige – Skoog [32].

Vitamins included in the composition of the me-
dium are important for the full development of plants, 
since vitamins perform various key roles in metabolism 
(participation in carbohydrate metabolism; as part of 
energy carriers and activators of phosphoric, carbohy-
drate and fat metabolism; as part of transaminases; as 
a component of redox reactions). The following vita-
min concentrations are used more often for fruit plants: 
B1 (thiamine), PP (nicotinic acid), B6 (pyridoxine), H 
(biotin) in concentrations of 0.1–05 mg/l, С (ascorbic 
acid) – 1.0‒3.0 mg/l, mesoinosite – 10–100 mg/l; gly-
cine content varies from 1.0 to 8.0 mg/l [33]. In the 
studies of N. V. Kukharchik, the following quantitative 
content of vitamins for red currant is found: B1 – 0.1 
and 10 mg/l, B6 – 0.5 and 10 mg/l, PP – 0.5 and 5 mg/l, 
ascorbic acid – 10 mg/l, mesoinosite – 100 mg/l. Gly-
cine content − 2.0 mg/l [4]. For black currant at the 
rooting stage, mineral and vitamin complex “Compli-
vit” (2.0 mg/l) was added to the medium to enhance 
growth [22]. 

Culture tubes are incubated for 3–4 weeks at a temper-
ature of 22–24 °C with a photoperiod of 16/8 hours [12].

Various growth regulators which are growth and de-
velopment activators (cytokinins, auxins, gibberellins, 
etc.) are introduced into the media. Their qualitative 
and quantitative ratios depend on the objectives of the 
study and micro-reproduction stage: for proliferation at 
the stages of reproduction, for the induction of rhizo-
genesis at the stages of micro-shoots rooting or for the 
induction of callus formation [33]. Also, the choice of a 
growth regulator is influenced by the genotype, the rate 
of reproduction of shoots, the height of shoots and the 
frequency of genetic variations. Higher concentrations 
of cytokinin usually cause the proliferation of shoots, 
but developed shoots have a smaller size and may have 
signs of hyperhydration [34]. There is also a possibil-
ity to detect changes in plant morphology, slowdown 
of the process of laying and development of axillary 
meristems, as well as reducing the ability of shoots to 
rhizogenesis is possible. Due to these undesirable phe-
nomena, the use of the lowest concentrations of cytoki-
nin, which can provide the maximum available rate of 
micropropagation, or the alternation of culture media 
with high and low growth regulator content will make it 
possible to avoid the toxic effects of cytokinins because 
of their constant presence in the nutrient medium. [35].

Benzylaminopurine (benzyladenine, 6- BАP, BАP) 
is the most commonly used inducer of shoot formation. 
The range of BAP concentrations in studies can reach 
20 microns [14]. To introduce red currant meristems 
into the culture in vitro, the authors recommend a com-
bination of benzylaminopurine 2.0 mg/l, indolyl-3-bu-
tyric acid (IBA) 0.5 mg/l and gibberellic acid (GA) 0.1 

mg/l [12]. For red currant at the stage of introducing, 
the BAP content in the medium is recommended to be 
kept at 0.2 mg/l, which is significantly lower than for 
black currant − 0.5 mg/l [4].

At the stage of micro-reproduction proper, there are 
more references in the literature to the use of benzyl-
aminopurine, and its concentrations vary from 0.4 to 
1.0 mg/l.

E. Dziedzic and J. Jagła [12] after 3–4 weeks trans-
ferred micro-shoots to MS medium enriched with 
1.0 mg/l BAP and 0.1 mg/l IBA. Another combination 
with benzylaminopurine was also successful: MS me-
dium was supplemented with 1.0 mg/l BAP, 100 mg/l 
inositol and 2.0 mg/l glycine at pH 5.8 [15].

In the study of M. J. S. Cárdenas [13], a different spe-
cies reaction to the composition of the medium in vitro 
was noted. The most suitable conditions for the vegeta-
tive development of red currant explants were created 
by a nutrient medium according to Murashige – Skoog 
supplemented with 0.1 mg/l gibberellic acid (GA), 
0.5 mg/l BAP, 0.05 mg/l or 0.1 mg/l 1-naphthaleneace-
tic acid (NAA). For black currant and gooseberry, on 
the contrary, such a composition of growth regulators 
was not suitable: for black currant, MS medium with 
0.1 mg/ l gibberellic acid (GA) with or without growth 
regulators did not have a strong effect on the morpho-
genesis of the explant, and for gooseberry, the presence 
of only one hormone, gibberellic acid, stimulated the 
laying of additional buds [13]. Thus, the choice of the 
type and combination of growth regulators will depend 
on the genotype selected for micro-propagation. 

In the experiments with red currant, MS medium 
with a mineral composition of 1/2 concentration and a 
BAP content of 0.4 mg/l, IBA of 0.02 mg/l and GA of 
0.2 mg/l allowed to obtain more high shoots with green 
leaves and a high degree of density [11]. For the re-
production of black currant, the optimal concentration 
of BAP cytokinin was 0.5–1.0 mg/l (reproduction coef-
ficient 3.0–12.6 pcs/exp) [19]. At the same time, it is 
not necessary to exclude the influence of the genotype: 
experiments confirm that reproduction depends not 
only on the concentration of cytokinins in the medium, 
but also on the individual reaction of the cultivar. The 
authors suggest that this is due to the genetic control 
of the metabolism of various auxins and cytokinins in 
plant tissue [15].

In addition to BAP, the growth regulator ‘Cytodef’ 
shows its effectiveness among cytokinins. An active 
ingredient of this growth regulator is N-(1,2,4-triazol-
4-yl)-N’-phenylureas.  Under stress, ‘Cytodef’ in-
creases resistance to lack of moisture, provides stable 
synthesis of chlorophyll and stable operation of the 
photosynthetic apparatus at low temperatures, acceler-
ates the accumulation of sugars [36]. Thus, the cultivars 
‘Shedraya’ and ‘Jonkheer Van Tets’ on MS nutrient me-
dium with the content of ‘Cytodef’ at concentrations of 
0.5 and 1.0 mg/l acquired an increase in the number and 
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total length of shoots by 1.5–2.0 times, in comparison 
with BAP at the same concentrations [37].  

Thidiazuron (TDZ) and forchlorfenuron (CPPU) 
are also derivatives of diphenylurea. In experiments 
with cultivars of gooseberry Russkiy and Severnyy 
Kapitan and honeysuckle Berel, the effects of these 
drugs and BAP were compared. The survival rate was 
higher in the presence of TDZ and CPPU (94.5–100 % 
vs. 85 % in gooseberries and 22 % in honeysuckle with 
BAP). Larger plants were formed on medium with the 
addition of BAP (up to 11.3 mm in gooseberries and 30 
mm in honeysuckle). According to the reproduction co-
efficient, forchlorfenuron was more effective on goose-
berries (up to 10.2 pcs/exp), while BAP (6.3 pcs/exp) 
was more effective on honeysuckle [38].

At the stage of blackcurrant proliferation, a high 
reproduction coefficient was noted – 4.7–7.6 pcs/exp. 
when kinetin 2.5 mg/l was added to the medium [19]. 

Gibberellic acid (GA3) can have a positive effect on 
the cultivation of shoots: it promotes elongation and 
development of shoots and reduces the formation of 
callus [11]. In particular, in experiments with golden 
currant, its stimulating effect on the length of shoots 
was noted (they increased by 2 times) with the simul-
taneous presence of 5 microns of BAP and GA3 in the 
medium. This approach is also applied to black currants 
and blackberries, as the authors note [14]. For red cur-
rant, GA was used at a concentration of 0.1–0.2 mg/l 
[11–13]. 

When signs of chlorosis are detected, micro-shoots 
are transferred to a medium with doubled content of 
iron chelate [12].

The total period of red currant cultivation in the 
form of actively growing culture at the stage of micro-
propagation proper is 7–9 passages (about 9 months), 
after which the shoots either stop multiplying or turn 
brown-yellow and die [15]. A decrease in the reproduc-
tion rate of Ribes uva-crispa L. after the 4th passage 
on MS medium with 1.0 microns of BAP was shown, 
and for a number of black currant varieties, on the con-
trary, the level of BAP 0.5–2.0 mg/l was satisfactory for 
the induction of shoots and further reproduction. When 
propagating in vitro, red currant turned out to be a dif-
ficult crop, for which only the short-term maintenance 
of varieties is possible, but not the sustainable develop-
ment on an industrial scale [15].

To lengthen the shoots of black currant, it is recom-
mended to reduce the concentration of BAP in the me-
dium to 0.2 mg/l or add adenine sulfate (50 mg/l) or GA 
(0.3 and 0.4 mg/l) to BAP (1.0 mg/l). It is possible to 
cultivate regenerants without hormones, as well as with 
putting 5.0 mg/l kinetin into the medium [19].

Rhizogenesis and selection of growth regulators 
for Ribes spp. At the rooting stage, the amounts of salts 
and carbohydrates are usually reduced, cytokinins are 
excluded and auxins are added [35]. The development 
of the root system in vitro is determined primarily by 

the genotype: the predisposition of shoots to rooting. 
The composition of the nutrient medium has a great in-
fluence on rooting, i. e. micro- and macroelements at all 
stages of micro-reproduction, the source and concen-
tration of carbohydrates, the consistency of the medi-
um, the proportion in the medium and the combination 
of phytohormones and the direction of their action on 
the explant, the degree of development of the regener-
ant itself, etc. However, auxins have a leading influence 
on the rooting process and without them this process is 
practically impossible [10]. 

For hard-to-root genotypes of red currant, a two-
stage procedure is used to increase the rate of appear-
ance and development of roots. Before rooting, the 
shoots are transferred first to a medium with a high 
content of auxin until the roots appear (about 10–11 
days), and then transplanted to a medium without phy-
tohormones to lengthen the roots [12]. Other research-
ers transfer the shoots to MS medium with a small con-
centration of BAP (up to 1.0–2.0 microns) and cultivate 
them for 7–10 days. By virtue of this method, the num-
ber of explants suitable for rooting increases by up to 
80 % and the negative impact of the accumulation of 
these growth regulators on rhizogenesis decreases [14]. 

E. Dziedzic and J. Jagła [12] use Murashige – Skoog 
medium containing IBA of 1.0 mg/l (2.0 mg/l for hard-
to-root genotypes) as the mineral basis of the medium 
at the stage of rhizogenesis. The concentration of IBA 
of 1 mg/l contributes to the rooting of up to 70 % of 
black currant plants during adaptation in autumn (in 
September). By the end of the growing season, the 
shoots have a developed root system, 5–7 leaves and 
reach a height of 15–20 cm [21]. In experiments with 
golden currant at the rooting stage, researchers used ½ 
of the MS mineral base supplemented with IBA auxin 
with a concentration of 2.0 microns, since with a higher 
concentration (5.0 microns and 10.0 microns), active 
callus formation is noted, preventing the development 
of roots. The exception was the Valentine variety, in 
which the number of shoots with roots increased with a 
high content of auxin [14]. In the work of C. G. Manole 
and co-authors [11], the medium for rooting red currant 
contained 1/5 of the MS macronutrients with the ad-
dition of BAP 0.01 mg/l. The shoots were first grown 
in the darkness for 5 days, then transferred to the light 
for a period of 3 weeks, later the process of root for-
mation became less intense. The most suitable medium 
for rooting black currant shoots was Quorin, Lepoivre 
without the addition of hormones with half content of 
macronutrients [19]. 

The use of another auxin, naphthaleneacetic acid 
(NAA), in the experiments with golden currant was 
ineffective, since even in low concentrations it caused 
callusogenesis in the basal part of micro-shoots, and 
the formation of single roots was recorded only in one 
cultivar ‘Valentina’. Such undesirable effects when us-
ing NAA were noted earlier in experiments with goose-
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berries [14]. In the experiments of M. J. S. Cárdenas 
[13], the combined content of 0.1 mg/l NAA and 0.5 
mg/l BAP in the medium had an inhibitory effect on 
the laying of shoots without a positive effect on their 
length, which contradicts the work of other scientists 
who showed that the decrease in BAP from 1.0 mg/l to 
0.5 and 0.25 mg/l led to an increase in growth and the 
number of shoots.

Some researchers note the positive effect of indolyl-
3-acetic acid (IAA) on the process of root formation 
[6; 39; 40]. IAA is the most common and basic natu-
ral auxin; according to the degree of compliance with 
the auxin receptor, it prevails over other compounds. 
The addition of this auxin to the nutrient medium in 
comparison with IBA and NAA had a stimulating ef-
fect on golden currant shoots greater in strength and 
quality [14]. However, in experiments with the rooting 
of black currant micro shoots, the growth and devel-
opment of roots on media containing IAA was worse 
than on media containing IBA: the roots acquired an 
unnatural thickness, lateral roots were not formed and 
callus growth, reducing the quality of planting material, 
was observed [10]. 

Physiological prerequisites for the difficulties of 
adapting mericlones to non-sterile conditions and 
working out how to achieve them. One of the most 
difficult processes is the adaptation of regenerating 
plants to ex vitro conditions. It is at this stage that large 
losses of plants occur during microclonal reproduction 
on an industrial scale [41]. Cessation of growth, leaf 
loss and death are observed in plants, when transplant-
ed into non-sterile conditions. These phenomena are 
caused, first of all, by the weak control of transpiration 
by micro-plants themselves and the heterotrophic way 
of nutrition [42].

For better survival of plants in new conditions, it 
is necessary to prepare them to overcome stress. First 
of all, water stress negatively affects regenerants, lead-
ing to dehydration of tissues and damage to membranes 
[43]. 

Carbohydrates are added to the nutrient medium at 
all stages of micro-reproduction, since plants in vitro 
are only heterotrophic. Chlorophyll of plants in vitro 
is not fully capable of photosynthesis due to the low 
content of carbon dioxide in the vessels. The ability to 
photoautotropy in vitro will vary depending on the type 
of vessel coating, light intensity, sucrose content in the 
medium. After transplantation into ex vitro conditions, 
plants do not have time to adapt to photoautotropy 
due to carbon-fixing enzymes that do not work at full 
strength [44; 45]. 

The leaves of plants from test tubes are able to ab-
sorb CO2 4‒5 times less in comparison with already 
adapted plants, which is not enough for the needs of 
the respiration process in photosynthesis products [46; 
47]. In this regard, before transferring plants to non-
sterile conditions, many scientists recommend to grow 

test tube plants for 2 weeks at a light level of 10000 
lux [48]. 

The adaptation technology includes the selection of 
the substrate and optimal conditions: illumination, pho-
toperiod, air and substrate humidity and temperature 
regime. Some authors recommend adhering to the fol-
lowing parameters: gentle illumination, active growth 
temperature (20 °C), high relative humidity – about 
95–99 % before the formation of a new leaflet in non-
sterile conditions and good aeration [49]. 

The essence of adaptation is to maintain high hu-
midity in the ground part of the plant and to reduce it 
systematically. Plants are more often adapted in green-
house conditions, where high humidity is created. The 
humidity can be achieved by using artificial fog instal-
lations, a wet awning, an individual plastic coating and 
a “smog” system. Artificial fog allows monitoring the 
humidity level of the air, but it leads to a decrease in the 
nutrient content in plants, overwetting of the substrate 
and creating conditions for the development of fungal 
diseases [50]. A. B. Burgutin [51] proposed a method in 
which it is possible to exclude the use of a fog-forming 
installation during the adaptation of grapes. To do this, 
it is necessary to remove the plugs from those test tubes 
in which the shoots occupied the entire height of the 
container, and leave the plants open for 1.5–2 weeks. 
After these weeks, the plants should be transplanted to-
gether with agar into the soil with the stem deepening 
into the substrate. 

A wet awning in comparison with fog accelerates 
the adaptation of plants and stimulates their growth 
more. However, when using it, it is difficult to control 
the temperature and the required humidity at a particu-
lar stage [52].

At the stage of adaptation, plastic food containers 
with a volume of 0.5 liters with a lid are used. Half of 
their volume is filled with soil composition, a couple 
of plants are planted and hermetically covered with a 
lid. For a period of 3–4 weeks, containers are placed 
under lamps with a capacity of 4000–5000 lux with-
out the need for watering and additional care. After the 
time has elapsed, holes with an area of 0.5–1.0 cm2 are 
made in the lid to reduce humidity, and after a week the 
lids are completely removed. When using this adapta-
tion technique on cherry and plum plants, the yield was 
70–90 % [53].  

An alternative option is the use of hydroponic in-
stallations that contribute to the growth of the height of 
shoots, the number of leaves, the number and length of 
roots by the end of the acclimatization period in non–
sterile conditions [14].

In most works, adaptation occurs in the soil sub-
strate. Mixtures of 2–4 components (soil, sand, peat, 
zeolite, vermiculite, humus, etc.), ionite substrates 
(Cion, Bione, etc.) are most often used as a substrate 
[49].  
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Researchers recommend transferring rooted red 
currant shoots previously washed in water from agar 
separately to the mixture of soil and perlite 2 : 1 [12]. 
The high survival rate of currants is also noted on sub-
strates: coconut (96 %), peat + sand (94 %), and turf 
(90 %) [54]. When evaluating the results of adaptation 
of regenerating R. Meyeri plants to ex vitro conditions, 
a mixture of peat and sand (3 : 1) contributed to the sur-
vival rate of 60 % of plants; a mixture of peat, soil and 
sand (2 : 2 : 1) contributed to the survival rate of 70 % 
plants [42]. Black currant seedlings showed high sur-
vival rate (90–95 %) on peat and peat substrates with 
the addition of perlite in a ratio of 3 : 1 [55].

The phytosanitary condition of the substrate is very 
important in the adaptation of plants ex vitro. For ex-
ample, for grapes, the sterilization of sand with a solu-
tion of potassium permanganate had a significant im-
pact on the survival of plants. Treatments of the soil 
substrate with hot steam, 0.1 % solution of fungicides 
(Benlat, Euparen), antimicrobials with the addition of 
another fungicide (Terrazol) have proven effectiveness. 
However, there is an opinion that there is no signifi-
cant difference between the use of a sterilized and non-
sterilized substrate. For example, for the development 
of strawberries obtained in vitro, the best option was a 
non-sterile mixture of forest soil and sand (3 : 1) [56].

The ideal temperature for growing many types of 
plants, is +23…+25 °C. At the initial stage of adapta-
tion, exceeding and lowering of this factor will nega-
tively affect the further development of the plant. A sys-
tematic decrease in temperature to +15…+20 °C and 
an increase in the humidity of the substrate transfer the 
micro-plants to a state of prolonged dormancy with a 
low probability of getting out of it without the selec-
tion of special conditions [57]. The temperature in the 
range of +40…45 °C and above when planting plants in 
combination with high humidity in the adaptation room 
leads to a violation of the cellular structure of regener-
ants.

Illumination is one of the important factors influ-
encing the full development of the photosynthetic ap-
paratus of plants in vitro. In the culture rooms of bio-
technology laboratories, the lighting intensity is usu-
ally maintained at 3000‒3500 lux and the photoperiod 
is 16 hours a day / 8 hours a night. In the first weeks 
after planting plants in the ground, it is recommended 
to keep the light at the same level. On grape plants, the 
illumination in the climate chamber of 3000 lux at a 
temperature of +25…+27 °C showed 100 % efficiency 
and contributed to the development of the root system 
[58]. The lack of lighting suppressed the growth and 
development of plants, which led to plant death in 2–3 
weeks [59].

It is recommended to cover the planting of red cur-
rants with a transparent plastic film and maintain a con-
stant temperature of 20 ± 1 °C with a photoperiod of 
16/8 hours and a light intensity of 300 mmol·m–2c–1. 

After 5–6 days, the authors advise starting the harden-
ing of plants in a climatic box or greenhouse. In studies, 
they reduced humidity by removing the lid for an hour, 
gradually increased the acclimatization time to ex vitro 
conditions for 4 weeks. After 4 weeks, the plants were 
transferred to the greenhouse, and in the next 4 weeks, 
the plants were ready to move to field conditions [12].

Blackcurrant plants were kept in conditions of high 
humidity under the film for longer than two weeks, at 
a temperature of 22–26 °C, and only then they were 
gradually accustomed to a decrease in air humidity 
[55]. The increased humidity of the air did not cause 
an increase in the intensity of transpiration, which pro-
tected the plants against wilting. 

Now, special installations (climate chambers) are 
being developed to adapt test tube plants to non-sterile 
environmental conditions. Climate chambers are ca-
pable to keep the degree of aeration of the soil sub-
strate, humidity and air temperature in a given mode. 
The main task of the chamber is to mitigate the stress 
load of plants and ensure a smooth transition to culti-
vation in new conditions. At the Magarach Institute of 
the Russian Academy of Sciences (Yalta), the KBWF 
Binder 240 climate chamber is used. This chamber al-
lows simulating cultivation modes for different stag-
es of the technology of clonal micro-propagation of 
grapes and helps accelerate adaptation processes while 
maintaining relatively high viability of grape plants 
[60]. Prior to that, an adaptation mode was developed 
and tested there, which allows for partial lignification 
of grape shoots, which further increases the viability 
of plants during the adaptation and after the adaptation 
period [61].

Currently, there is a large range of chambers for the 
adaptation of plants in vitro, but they are all foreign-
made and quite expensive. In this regard, some domes-
tic research institutes are developing similar chambers 
and modes for cultivated plants, which is more cost-
effective to produce planting material.

Discussion and Conclusion
Due to the increase in demand for domestic prod-

ucts and state support for the development of their own 
farms, the number of studies aimed at modernizing ex-
isting technologies for growing plants is increasing. The 
researchers include more and more new growth regu-
lators, sterilizers in technological maps, and improve 
ways to adapt plants to non-sterile conditions in order 
to reduce plant losses. For currants in the early 2000s, 
there was little work on in vitro culture. Now there are 
much more of such work: there are protocols for mi-
croclonal reproduction, various recommendations for a 
greater yield of developed plants. Despite sometimes 
contradictory results, the idea of the success of using 
certain drugs for currants is expanding. Thanks to fur-
ther tests, the quality of planting material will increase, 
which should have a positive effect on the productivity 
of berry crops and the profitability of production.
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