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Abstract. The influence of various growth regulators on strawberry 
varieties' micro-shoots regeneration of Russian and foreign selection 
Bereginya, Tsaritsa, Urozhaynaya CGL, Frida, Asia, Kimberly, Honeoye, 
Marmolada has been established. The experiment involved micro-plants 
regenerated in in vitro culture. At the proliferation stage, 6-BAP, 
thidiazuron, kinetin, mival, succinic acid were added to the nutrient medium 
in specified concentrations to select the optimal growth regulator. The 
maximum response to the induction of additional shoots was obtained in 
explants cultivated on the control medium of Murashige and Skoog 
supplemented with 6-BAP. The positive effect of kinetin, thidiazuron, mival, 
succinic acid on the process of root formation was noted, which can 
accelerate the production of rooted plants ex vitro. 

1 Introduction 
In vitro micro-reproduction is the most popular technology for mass commercial production 
of valuable plant genotypes [1]. Apical dominance is removed under the action of cytokinins; 
the initiation of axillary buds and shoots is activated. In the process of micro-propagation, 
each culture imposes certain requirements on phytohormones and their concentrations. 
Cytokinins play a central role in the hormonal regulation of plant growth and development 
processes. Plants have an effective system for maintaining the endogenous level of 
biologically active forms of cytokinins. At the same time, the introduction of exogenous 
cytokinins into nutrient media causes the development of both the apical meristem and the 
micro-shoots' conglomerate [2-3].  

The growth and development of plants in nature are controlled by endogenous growth 
regulators operating at very low concentrations [4]. Synthetic exogenous growth regulators 
used in in vitro culture often surpass natural compounds in their biological activity and 
effectiveness [5-6]. 

The most important factors affecting the effectiveness of introducing in vitro strawberry 
varieties into culture are the types of growth regulators used [7]. Cytokinin 6-
benzylaminopurine (BAP) is most often used in the micro-reproduction of garden 
strawberries [8; 9]. In the experiments of K.A. Quiroz et al. [10], the use of BAP in nutrient 
media increased the average reproduction rate of strawberries to 3-6 shoots per plant. At the 
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stage of strawberry proliferation, the most effective BAP amount in the medium was 1.0 mg/l 
[11]. In the research by H.K.S. Madumali and co-authors [12], successful regeneration of 
strawberry shoots of the Sweet Charlie variety was observed on a Murashige–Skoog (MS) 
base medium containing 0.5 mg/l BAP. 

Currently, thidiazuron (TDZ) is widely used in tissue culture manifesting itself as auxin 
or cytokinin [13]. The addition of 6-benzylaminopurine (BAP) and thidiazuron affects the 
induction of microshoots to a greater extent [14]. The TDZ effect on the organogenesis 
induction in the culture of strawberry meristems has been studied on a limited number of 
varieties [10; 15].  

Kinetin (6-furfurylaminopurin) induces cell proliferation and organogenesis of buds and 
shoots [16]. 

According to V.I. Demenko et al., the optimal ratio of exogenous growth regulators in the 
nutrient medium is very important for the industrial application of microclonal reproduction. 
All abnormal phenomena observed in plants in vitro are associated with changes in the 
content and activity of endogenous hormones. The microclonal reproduction effectiveness of 
garden plants depends on the regenerative capacity and can be increased by enhancing the 
growth of explant, reducing the vitrification of plants in vitro [17]. 

The genotype has a significant effect on the morphogenetic potential of cultured tissues 
[18]. Continuous improvement of the technology is required due to the changing assortment 
of garden strawberries, the genotypic features of which are not yet known when grown in 
vitro [19]. The establishment and growth of explants depends not only on the salt composition 
of the nutrient medium, but also on growth regulators - mainly cytokines and auxins. The 
effect of growth regulators is determined by their ability to penetrate plant cells. It is often 
difficult to choose the optimal ratio due to the quality diversity of explants. Therefore, it is 
necessary to search for other growth regulators that promote the formation of adventitious 
shoots [17]. Positive results were obtained with the introduction of organosilicon compounds 
into the nutrient medium, which showed an auxin-like effect [20]. Succinic acid is used at 
the stages of micro-reproduction, rhizogenesis, and adaptation of plants to ex vitro conditions 
[21]. In the experiments of L. L. Buntsevich et al. [22], the stimulating effect of succinic acid 
on drawn micro-shoots of Stanley plum varieties in vitro, their leafage, a decrease in the level 
of tissue vitrification, leaf chlorosis, a positive effect on the effectiveness of rhizogenesis and 
shoots' rooting was found; it makes it possible to accelerate the production of rooted plants. 

 Since the morphogenetic potential of cultivated tissues largely depends on the genotype, 
the development of an effective and reproducible regeneration system under the influence of 
various growth regulators under in vitro conditions for the studied strawberry varieties is an 
urgent task [18].  

Research objective: to develop a successfully reproducible in vitro regeneration protocol 
for a group of important commercial strawberry genotypes. 

2 Materials and methods 
The objects of research were the most popular industrial varieties of strawberries. The studies 
were conducted according to generally accepted methods [23-25].  The stage of the actual in 
vitro micropropagation consisted of 4 passages. In each passage, strawberry conglomerates 
were divided into separate micro-plants and were then planted on a fresh nutrient medium. 
For cultivation, MS nutrient medium [26] was used with the addition of 0.8 mg/l (BAP); 2.0 
mg/l kinetin; 0.2 mg/l thidiazuron (TDZ); 10.0 mg/l mival; 4.0 mg/l succinic acid. Growth 
regulators were introduced into the nutrient medium. The interval between passages was 4 
weeks. 

 Cultivation conditions: temperature 23-25 ° C, 16-hour photoperiod of 16/8 hours, 
illumination – 2.0-3.0 thousand lux. 
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The following indicators were considered: the number of micro-rosettes formed per 
explant, shoot height, the percentage of plants with roots, the number of roots per explant. 
All rosettes from one test tube were considered to determine the multiplication coefficient. 
Its value was defined as the average value for four passages. 

Statistical processing of experimental data was carried out according to the method by 
B.A. Dospekhov [27] and using the Microsoft Excel 2016 computer program.  

The influence degree of the genotype and growth regulators on the morphometric 
parameters of strawberries in vitro was evaluated using the indicator's coefficient of variation 
(CV). The value of CV ≤ 10% is a weak variability of the indicator, 10% ≤ CV≤ 20% – 
average, CV over 20% – high. 

3 Research results 
To improve the quality of strawberry shoot formation at the multiplication stage, various 
growth regulators were introduced into the MS nutrient medium: 6-BAP, kinetin, 
thidiazuron, mival, succinic acid. The maximum response to the induction of additional 
shoots was obtained in explants cultivated on a control medium of Murashige and Skoog 
supplemented with 6-BAP (0.8 mg/l) (Table 1).  

Table 1. Influence of growth regulators on the multiplication coefficient of strawberry varieties, 
pcs./explant. 

Variety 
(Factor A) 

Growth regulators (Factor B) 
LSD05 by 
factor A 

6-BAP 
(control) kinetin TDZ mival succinic 

acid 
Frida 2.6 ± 0.4 1.2 ± 0.1 1.8 ± 0.5 1.4 ± 0.2 1.3 ± 0.2 0,7 
Bereginya 3.2 ± 0.5 1.4 ± 0.2 1.4 ± 0.2 1.3 ± 0.1 1.3 ± 0.2 0,4 
Kimberly 3.2 ± 0.4 2.6 ± 0.3 2.6 ± 0.4 1.5 ± 0.1 1.6 ± 0.2 1,1 
Asia 3.7 ± 0.4 2.0 ± 0.4 3.2 ± 0.4 1.4 ± 0.2 1.4 ± 0.2 1,1 
Honeoye 3.1 ± 0.4 1.7 ± 0.3 1.9 ± 0.3 1.1 ± 0.2 1.4 ± 0.2 0,7 
Tsaritsa 3.2 ± 0.5 1.3 ± 0.2 1.7 ± 0.3 1.3 ± 0.1 1.3 ± 0.2 0,6 
Urozhaynaya 
CGL 5.3 ± 0.8 1.3 ± 0.4 1.4 ± 0.2 1.5 ± 0.4 1.2 ± 0.1 1,1 

Marmolada 2.6 ± 0.4 1.1 ± 0.1 1.3 ± 0.4 1.5 ± 0.1 1.2 ± 0.2 0,3 
LSD05 by 
factor B 1,1 0,5 0,8 0,5 0,5  

With its application, the largest number of newly formed micro-rosettes was noted in all 
genotypes. BAP was more active than other growth regulators in removing apical dominance 
and stimulating the formation of additional shoots. From the second passage, an undesirable 
vitrification phenomenon of plant tissues of individual plants was observed, which can be 
explained by the constant presence of high BAP concentrations. Such rosettes were not 
suitable for further reproduction, which disrupted the technological in vitro cycle. The 
research results show that regeneration strongly depended on the genotype. Sequential 
cultivation of strawberries for four passages showed that the variety Urozhaynaya CGL in 
vitro has the greatest shoot formation (up to 5.3 pcs./explant). 

The addition of kinetin and TDZ to the nutrient medium did not significantly affect the 
formation of additional shoots in most of the strawberry varieties under study. Exception 
were Asia and Kimberly varieties; for those, the use of kinetin and TDZ at the stage of active 
reproduction can be recommended. The reproduction coefficient of the Asia variety averaged 
to 2.0 (kinetin) and 3.2 (TDZ) pcs./exp., Kimberly variety - 2.6 pcs./exp. Studies by Fatemeh 
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et al. [15] confirm that strawberry varieties with different genetic backgrounds can give 
different reactions to regeneration after TDZ application. 

At the same time, the formed shoots turned into normal mature plants; the general 
condition of strawberry in vitro micro-rosettes improved. Active formation of young roots 
was observed. The plants were strong, dark green, and had at least 5-6 leaves. Vitrification 
of plant tissues was absent. 

The effect of mival and succinic acid synthetic growth regulators on the reproduction 
coefficient was minimal and did not exceed 1.6 pcs./explant. However, their positive effect 
on the root formation process was noted, which can accelerate the production of rooted plants 
ex vitro, bypassing the in vitro rooting stage according to generally accepted technology.  

Statistical results' processing of growth regulators' application on the reproduction 
coefficient showed the reliability of differences in factor B only when using kinetin (F f 
=11.0F t =6.9). 

According to factor A, the reliability of differences was noted in all the studied varieties 
(F fF t) 

The height of regenerating plants varied significantly across the experimental options, 
which is associated with the constant new buds' set and different ages of the micro-plants 
formed (Table 2).    

Table 2. The effect of growth regulators on the height of strawberry varieties' micro-plants, mm 

Variety 
(Factor A) 

Growth regulators (Factor B) LSD05 by 
factor A 6-BAP 

(control) 
kinetin TDZ mival succinic 

acid 
Frida 6.0 ± 0.5 10.3 ± 

0.8 
8.5 ± 0.7 8.1 ± 0.7 9.5 ± 0.9 2,1 

Bereginya 11.1 ± 0.7 9.2 ± 0.9 9.4 ± 0.6 7.5 ± 0.9 9.6 ± 0.9 2,4 
Kimberly 5.7 ± 0.2 6.4 ± 0.8 5.5 ± 0.4 7.9 ± 0.6 7.5 ± 0.5 0,9 
Asia 9.1 ± 0.4 6.7 ± 0.6 5.9 ± 0.4 6.6 ± 0.5 7.7 ± 0.6 0,9 
Honeoye 6.1 ± 0.4 7.9 ± 0.9 6.9 ± 0.5 8.3 ± 0.7 9.1 ± 0.8 1,1 
Tsaritsa 9.0 ± 0.7 8.0 ± 0.6 6.5 ± 0.7 7.9 ± 0.5 8.3 ± 0.7 2,5 
Urozhaynaya 
CGL 

10.4 ± 0.5 11.0 ± 
0.9 

9.8 ± 0.8 8.3 ± 0.8 10.6 ± 0.9 1,9 

Marmolada 6.9 ± 0.6 6.3 ± 0.6 7.3 ± 0.6 7.6 ± 0.5 9.1 ± 0.9 2,0 
LSD05 by 
factor B 1,9 1,5 1,7 1,4 1,6  

In general, the plants in the option with succinic acid were characterized by the highest 
height indicators, which promotes the micro-shoots' drawing. As a weaker cytokinin, kinetin 
also caused shoots' elongation. This property can be used to increase the proportion of 
strawberry plants in vitro suitable for rooting.  

The addition of growth regulators had various effects on plant height depending on the 
genotype. The maximum growth in all experimental options was observed in the 
Urozhaynaya CGL variety. The height of Asia, Bereginya, Tsaritsa varieties' plants did not 
exceed the control for all treatment options. 

Statistical results' processing of the growth regulators' application on the height of micro-
shoots showed the reliability of differences in factor B when using 6-BAP (F f=10.3F t=6.9), 
kinetin (F f=12.8F t=6.9) and TDZ (F f=7.9F t=6.9). 

According to factor A, the reliability of differences was noted in varieties Asia (F f=16.0F 
t=6.9)., Kimberly (F f=16.0F t=6.9)., Honeoye (F f=9.0F t=6.9). 

The negative auxins' effect on the process of root formation was overcome using growth-
regulating substances that promote the establishment and growth of roots (Table 3).    
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Table 3. Influence of growth regulators on root formation of strawberry varieties' micro-plants in 
vitro, % 

Variety 6-BAP 
(control) 

kinetin TDZ mival succinic 
acid 

Frida 0 61 80 69 66 
Bereginya 14 66 45 61 75 
Kimberly 0 8 0 56 67 
Asia 21 44 29 63 79 
Honeoye 24 72 40 52 69 
Tsaritsa 11 47 21 24 59 
Urozhaynaya CGL 10 81 42 35 91 
Marmolada 10 31 56 35 74 

The percentage of rooting increased in all four treatment options compared to the control. 
The addition of kinetin, TDZ, mival, and succinic acid often enhanced root induction. The 
most significant effect on the formation and development of the strawberry root system was 
the use of succinic acid, the rootability increased 3-9 times compared to the control depending 
on the genotype. The use of mival also contributed to a significant increase in the proportion 
of plants with roots. These results are consistent with the conclusions of V.I. Demenko et al. 
[20]; they studied the effect of the organosilicon compound mival on the regenerative ability 
of strawberries in vitro and established its auxin effect. 

In the TDZ option, short strong roots were formed, vitrification was absent, plants were 
planted in the ground bypassing the rooting stage. There was no root formation in Kimberly 
variety plants.  

The addition of kinetin, TDZ, mival, and succinic acid to the nutrient media stimulated 
the formation of more roots than in the control option (Table 4). 

Table 4. The effect of growth regulators on the number of roots in micro-rosettes of strawberry 
varieties, pcs./explant. 

Variety (Factor 
A) 

Growth regulators (Factor B) 
LSD05 by factor A 6-BAP 

(control) kinetin TDZ mival succinic 
acid 

Frida 0 3.3 2.9 3.1 5.0 1,1 
Bereginya 2.3 3.7 2.7 3.0 4.6 1,1 
Kimberly 0 1.8 0 3.8 4.0 2.8 
Asia 1.1 2.6 2.3 3.2 3.6 0,9 
Honeoye 1.7 3.2 3.5 3.2 4.8 1,1 
Tsaritsa 1.5 3.1 2.3 3.5 3.2 1.3 
Urozhaynaya 
CGL 1.5 3.0 2.9 1.5 5.2 1,8 

Marmolada 1.7 3.5 1.9 2.6 3.8 2.2 
LSD05 by 
factor B 1,0 1.3 0,9 1,5 1.3  

The maximum number of roots per plant in all genotypes was observed on a nutrient 
medium with the addition of succinic acid - 3-5 times greater than in the control. The largest 
average number of roots per plant was formed by micro-plants of the varieties Urozhaynaya 
CGL and Frida (5.2 and 5.0 pcs./explant, respectively). 

Statistical results' processing of growth regulators' application on the number of roots 
showed the reliability of differences in factor B when using TDZ (F f=14.1F t =6.9). 
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According to factor A, the reliability of differences was noted in Asia varieties (F f=10.1F 
t=6.9), Urozhaynaya CGL (F f=7.6F t=6.9), Honeoye (F f=8.8Ft=6.9), Frida (F f=24.6F t=6.9), 
Bereginya (F f=9.5F t=6.9). 

4 Conclusion 
The highest multiplication coefficient for all varieties was obtained when exposed to 6-BAP. 
Sequential cultivation of strawberries for four passages showed that the variety Urozhaynaya 
CGL in vitro has the greatest shoot formation (up to 5.3 pcs./explant). The constant presence 
of high BAP concentrations in the nutrient medium caused vitrification of plant tissues, which 
disrupted the technological cycle and reduced the yield of plants.  

Kinetin and TDZ can be recommended for the multiplication of Kimberly and Asia 
varieties; the multiplication coefficient amounted to 2.6 and 2.0-3.2 pcs./explant, 
respectively. 

 The effect of mival and succinic acid synthetic growth regulators on the reproduction 
coefficient was minimal and did not exceed 1.6 pcs./explant.  The variety-specific reaction 
nature of the effect of growth regulators on the shoots' elongation was noted. The height of 
strawberries' micro-rosettes of the varieties Frida, Honeoye, Kimberly with the addition of 
succinic acid was 1.5 times higher (9.5; 7.5; 9.1 mm, respectively) compared to the control. 
The Asia variety had a lower height than in the control in all options.  

The positive effect of kinetin, TDZ, mical, and succinic acid on the root formation process 
was noted, which can accelerate the production of rooted plants ex vitro. The percentage of 
rooting increased in all four treatment options compared to the control. The maximum 
number of roots per plant in all genotypes was observed on a nutrient medium with the 
addition of succinic acid. The presented regeneration scheme of commercially important 
strawberry varieties with the use of growth regulators kinetin, TDZ, mival, succinic acid can 
be used in the mass production of seedlings in the in vitro system. 
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