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Introduction
Micropropagation is widely used to obtain a 

healthy genetically homogeneous planting ma-
terial for berry plants, in particular, strawber-
ries (Fragaria vesca L.) to create high-quality 
plant nurseries [1–9]. Traditional plant propa-
gation in a vegetative way spreads viral, bacte-
rial and fungal microbiota. In addition, such 
reproduction makes it impossible to obtain 
healthy plants and does not always meet the 
modern requirements of consumers [4, 5].

The final stage of micropropagation is the 
adaptation of regenerant plants to environ-
mental conditions (indoor and outdoor). Ac-
cording to the research results, when in vitro 

plants are transferred to non-sterile conditions 
of a closed ground, a significant percentage of 
their mortality is recorded [1, 3, 10, 11]. In the 
case of replanting, the plants are subjected to 
a sharp change in the relative humidity. Plants 
are especially sensitive to dehydration imme-
diately after opening the culture tubes, which 
is associated with many anatomical features: 
thin cuticle, which contains little wax and wax-
like substances; a small amount of mechanical 
tissues with thin leaves; poorly developed vas-
cular bundles; limited stomata function [1, 12].

In vitro plant water loss occurs mainly 
through stomata, which do not function for 
10–14 days after replaning [13]. Many plant 
species require gradual changes in environ-
mental conditions to avoid dehydration. In par-
ticular, for Fragaria ananassa Duch (‘Nikte’) 
regenerants two-stage adaptation, consisted of 
a previous 20-day acclimatization at 25 ± 1 °C 
and 60% relative humidity (RH), followed by 
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holding in a greenhouse under a protective 
mesh with a 75% degree shading and watering 
three times a week with nutrient solution, was 
effective (Hoagland & Arnon, 1950). At the 
first stage of adaptation, the plants replanted 
in a mixture of peat, perlite, and vermiculite 
(1: 1: 1) were covered on top with transparent 
1.0 liter plastic containers. Under such condi-
tions, plant survival was 91.9% [4].

Providing appropriate levels of plant nutri-
tion – mineral, air and water regimes, and 
compliance with a gradual change in tempera-
ture and relative humidity of the air is impor-
tant during the adaptation of regenerat plants 
to environmental conditions [1]. The authors 
recommend to adapt the 4-week-old regenerant 
plants of the strawberry cultivar ‘Alba’ ob-
tained on the MS nutrient medium (Murashige 
& Skoog, 1962) [14] with 0.25–0.35 mg ∙ l-1 BA 
(6-benzylaminopurine). The indicated BA con-
centrations did not cause anomalies and en-
sured the production of plants genetically iden-
tical to donors. The regenerants were planted 
in 100 ml containers in a substrate of peat 
(80%) and perlite (20%), followed by 40-day 
acclimatization in a greenhouse [15].

The condition of the root system is of great 
importance for the plants adaptation [10]; the 
place of roots laying affects the viability of 
rooted plants in vitro [2]. To prevent dehydra-
tion of regenerants, it is recommended to spray 
them with a 50% solution of glycerin in diethyl 
ether [16].

The duration and effectiveness of regenerant 
plants adaptation is determined by a number 
of factors, in particular, the characteristics of 
the genotype, therefore, a separate protocol is 
developed for each variety. In the previous 
publication [17], the regenerative capacity of 
strawberry plants in vitro tissues on a nutrient 
medium according to the MS prescription was 
indicated and regenerants were obtained. 

The aim of the study was to develop an op-
timal protocol for the adaptation of regener-
ated plants of F. vesca cultivars to in vivo con-
ditions.

Materials and methods
In vitro plants of ‘Ruiana’ and ‘Zhovte Dyvo’ 

strawberry varieties were obtained using bio-
technological methods (in vitro plant tissue 
culture, microclonal reproduction) by various 
types of in vitro morphogenesis (activation of 
growth of existing meristem explants and di-
rect morphogenesis). For the research, we 
used 30–35 day old regenerant plants obtained 
on modified MS nutrient (Fig. 1 a, b) accor-
ding to the generally accepted method [12]. 

Plants were removed from test tubes with twee-
zers, the root system was washed from the re-
mains of the nutrient medium in tap water, fol-
lowed by transfer to 0.001% KMnO

4
 (up to                 

1 min). The plants were planted in 0.33 L
plastic containers, 1 pc. into a mixture of coco-
nut substrate and perlite (3: 1). Regenerants 
were fed once every 30 days with a solution of 
macro- and micro-salts according to MS. 
Plants were kept in conditions of high RH 
(85–90%) for 3–5 days, 6–8 days and 10–14 
days. RH was determined using a digital 
thermo-hygrometer. To maintain given condi-
tions, containers with plants were covered 
with transparent plastic containers (Fig. 1 c). 
The high RH was reduced to 60–70% gradu-
ally by artificial ventilation. Plants were 
sprayed with water when signs of wilting ap-
peared. Plants were grown in an adaptation 
room under Osram Fluora phytolamps (ligh-
ting 3.0–4.0 CLA, 16-h photoperiod) at a tem-
perature of 21 ± 2 °C. Plant survival was 
recorded after the appearance of new leaves 
(22–30 days of adaptation).

To increase the number of rooted plants, 
the root system before planting in the soil 
mixture was kept for 25–30 min in a solution 
of auxins (1.0 mg ∙ L-1 3-IAA (β-indolyl-3-
acetic acid), 1.0 mg ∙ L-1 NAA (α-naphthylacetic 
acid), 1.0 mg ∙ L-1 BCI (3-indolylbutyric acid). 
To prevent wilting, the leaves were daily 
sprayed with 30% glycerin solution. Plants 
that grew in the usual adaptation mode (not 
treated auxin and glycerin).

The experimental data were processed using 
the MS Excel software. The repeatability of 
each variant of the experiment was 5-fold (10–
20 plants were used in the experiment). The 
studies were carried out in the research labo-
ratory of plant biotechnology, Plant Biotech-
nology Laboratory of SS of NULES of Ukraine 
“BFRS” during 2019–2020.

Results
It was found that the duration of exposure 

of regenerants in conditions of high RH sig-
nificantly influenced the proportion of viable 
plants (Tables 1, 2).

Table 1
The efficiency of F. vesca regenerant plants adaptation 

to indoor conditions on the 30th day of cultivation

Variety
The share of adapted plants with different duration 

of cultivation in conditions of high RH, %
3–5 6–8 10–14

‘Ruiana’ – 25.2 ± 1.8* 47.6 ± 2.5
‘Zhovte Dyvo’ – 34.6 ± 1.6 60.0 ± 1.7

* Mean ± standard error.
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Plants exposure in conditions of high RH for 
3–5 days caused their death on 7–10 days of 
cultivation. The proportion of viable plants can 
be reliably increased in the case of an increase 

Table 2
Results of one-way analysis of variance

Analysis of variance
Source of variation SS df MS F P-value Fcrit.

Between groups 1254.4 1 1254.4 53.3787234 8.33966E-05 5.317655072
In the middle of groups 188 8 23,5 – – –

Total 1442.4 9 – – – –

Note. SS – sum of squares; df – number of degrees of freedom; MS – dispersion; F – the 
calculated value of the Fisher criterion; P-values – calculated value of minimum significance; 
F

crit.
 – the critical value of the Fisher criterion.

in the duration of plants exposure from 6–8 
days to 10–14 days. Under these conditions, the 
effectiveness of adaptation was: ‘Ruiana’ – 
47.6 ± 2.5%, ‘Zhovte Dyvo’ – 60.0 ± 1.7%.

Fig. 1. The sequence of stages of in vitro F. vesca plants adaptation to open field conditions: 
a) 30-day-old regenerated plants ‘Ruiana’ on a MS nutrient medium; b) Fragaria plants in the culture room; 

c) regenerants in conditions of high relative humidity under a plastic canopy; d) plants adapted to indoor conditions;
e) and f) container culture of ‘Zhovte Dyvo’ and ‘Ruiana’ varieties in open field conditions

à)à)

d)d)

b)b)

e)e)

c)c)

f)f)

The effectiveness of gradual adaptation of in 
vitro strawberries to open field conditions was 
studied by a group of authors [4] and was con-
sistent with the results of our research.

According to the results of I. V. Kny azeva’s 
research [10], the degree of plants rooting is 
of great importance in adapting plants to 
non-sterile conditions, which in turn directly 
affects their survival rate. At the same time, 
it is important to maintain an optimal water 
balance, so glycerin was used to prevent de-
hydration. The characteristics of strawberry 
varieties growth with the use of auxins (IVC, 
NOC and IMC) with daily application of 30% 
glycerin solution as a foliar spray are given in 
table 3.

Exposure of regenerants root systems in a 
solution of auxins followed by daily application 
of 30% glycerin solution as a foliar spray sig-
nificantly increased plant survival in relation 
to control, which is consistent with the results 
of other authors studies [16]. Under these con-
ditions, the emergence of new photosynthetic 
leaves on the 22nd day with characteristic pig-
mentation was recorded. In general, the pro-
portion of viable plants is significantly higher 
in the variety ‘Zhovte Dyvo’ than in ‘Ruiana’. 
The difference in the rates of plant survival in 
different varieties was statistically significant 
(F

rated.
 = 116.0360; F

crit.
 = 5.3177; F

rated.
> F

crit.
).  

It was found that plants of ‘Zhovte dyvo’ varie-
ty were characterized by active growth. In par-
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ticular, on the 30th day of adaptation they 
were 6.0 ± 0.4 cm long (Fig. 1 d), while in 
‘Ruiana’ – 4.6 ± 0.2 cm.

In the summer-autumn period, the container 
culture of plants was kept for 8–9 hours in open 
ground conditions with subsequent transfer to 
the adaptation room (Fig. 1 e). Under such adap-
tation conditions, the regenerants began to 
bloom on 8th–10th week. The beginning of 
fruiting in the ‘Zhovte Dyvo’ plants was recor-
ded on 12th–13th week of cultivation, which is a 
week earlier than in ‘Ruiana’. The regenerants 
adapted to indoor conditions had pigmentation 
characteristic of the species, without signs of 
chlorosis and vitrification (Fig. 1 f). The fruits 
of the regenerated plants had identical to the 
donors color, aroma and taste characteristics.

Conclusions 
An optimal protocol for in vitro adaptation of 

F. vesca plants to in vivo conditions were develo-
ped and viable plants were obtained. It was 
found that the duration of regenerant plants 
exposure under conditions of high relative hu-
midity significantly influenced the effective-
ness of adaptation. The largest share of plants 
adapted to indoor conditions was obtained by 
holding under conditions of 85–90% RH for 
10–14 days on a mixture of coconut substrate 
and perlite: ‘Ruiana’ – 47.6 ± 2.5%, ‘Zhovte 
Dyvo’ – 60.0 ± 1.7%. In the case of soaking the 
root system in auxin for 25–30 minutes, fol-
lowed by daily spraying of the leaves with a 
solution of 30% glycerin, plant survival was 
more than 70%. Further research will be aimed 
at studying the growth and development of                
F. vesca plant varieties in open field conditions.
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vitro. Ïåðñïåêòèâè ðîçâèòêó ë³ñîâîãî òà ñàäîâî-ïàðêî-
âîãî ãîñïîäàðñòâà : ìàòåð. Ì³æíàð. íàóê.-ïðàêò. êîíô.                            
(ì. Óìàíü, 3–4 æîâòíÿ 2019 ð.). Óìàíü, 2019. Ñ. 48–52.

Ìåòà. Àäàïòàö³ÿ ðîñëèí-ðåãåíåðàíò³â äî óìîâ äîâê³ë-
ëÿ – çàêëþ÷íèé åòàï ì³êðîêëîíàëüíîãî ðîçìíîæåííÿ. 
Çà äàíèìè íèçêè àâòîð³â, ïðè ïåðåíåñåí³ ðîñëèí in vitro 
â íåñòåðèëüí³ óìîâè çàêðèòîãî ´ðóíòó ô³êñóþòü çíà÷-
íèé â³äñîòîê â³äïàäó. Ó ïîïåðåäí³é ïóáë³êàö³¿ äîñë³-
äæåíî ðåãåíåðàö³éíó çäàòí³ñòü òêàíèí ðîñëèí ñóíèö³ 
(Fragaria vesca L.) in vitro íà æèâèëüíîìó ñåðåäîâèù³ MS òà 
îäåðæàíî ðåãåíåðàíòè (×îðíîáðîâ Î. Þ., 2019). Ìåòà äîñë³ä-
æåííÿ – ðîçðîáëåííÿ îïòèìàëüíîãî ïðîòîêîëó àäàïòà-
ö³¿ ðîñëèí-ðåãåíåðàíò³â ñîðò³â F. vesca äî óìîâ in vivo. 
Ìåòîäè. Äëÿ äîñë³äæåíü âèêîðèñòîâóâàëè ðîñëèíè ñóíè-
ö³ ñîðò³â ‘Ðóÿíà’ ³ ‘Æîâòå äèâî’ ³ç öèêëîì êóëüòèâóâàííÿ 
in vitro 30–35 ä³á. Ðîñëèíè âèñàäæóâàëè â ïëàñòèêîâ³ 
êîíòåéíåðè (îá’ºì – 0,33 ë) ïî 1 øò. ó ñóì³ø êîêîñîâîãî 
ñóáñòðàòó òà ïåðë³òó (3:1). Ðîñëèíè âèòðèìóâàëè â óìîâàõ 
âèñîêî¿ â³äíîñíî¿ âîëîãîñò³ ïîâ³òðÿ (85–90%) óïðîäîâæ 
3–5 ä³á, 6–8 ä³á ³ 10–14 ä³á. Äîñë³äæåííÿ ïðîâîäèëè â 
íàóêîâî-äîñë³äí³é ëàáîðàòîð³¿ á³îòåõíîëîã³¿ ðîñëèí ÂÏ 
ÍÓÁ³Ï Óêðà¿íè «Áîÿðñüêà ËÄÑ» óïðîäîâæ 2019–2020 ðð. 
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Ðåçóëüòàòè. Òðèâàë³ñòü âèòðèìóâàííÿ ðîñëèí-ðåãåíåðàí-
ò³â F. vesca â óìîâàõ âèñîêî¿ ÂÂÏ äîñòîâ³ðíî âïëèâàëà íà 
åôåêòèâí³ñòü àäàïòàö³¿. Çà âèòðèìóâàííÿ óïðîäîâæ 10–
14 ä³á ÷àñòêà àäàïòîâàíèõ äî óìîâ çàêðèòîãî ´ðóíòó ðîñ-
ëèí ñòàíîâèëà äëÿ ñîðòó ‘Ðóÿíà’ 47,6 ± 2,5% ³ 60,0 ± 1,7% 
äëÿ ñîðòó ‘Æîâòå äèâî’. Çíà÷íó ïðèæèâëþâàí³ñòü ðîñëèí 
(ïîíàä 70%) îäåðæàíî çà óìîâ ïîïåðåäíüîãî âèòðèìó-
âàííÿ êîðåíåâî¿ ñèñòåìè â ðîç÷èí³ àóêñèí³â óïðîäîâæ 
25–30 õâ ³ç ùîäåííèì îáïðèñêóâàííÿì ëèñòê³â 30%-ì 
ãë³öåðèíîì. Àäàïòîâàí³ äî óìîâ çàêðèòîãî ´ðóíòó ðåãåíå-
ðàíòè ìàëè õàðàêòåðíó äëÿ ñîðòó ï³ãìåíòàö³þ, áåç îçíàê 
õëîðîçó òà â³òðèô³êàö³¿. Âèñíîâêè. Ðîçðîáëåíî îïòè-
ìàëüíèé ïðîòîêîë àäàïòàö³¿ ñîðò³â F. vesca in vitro äî óìîâ 
in vivo òà îäåðæàíî æèòòºçäàòí³ ðîñëèíè. Ïîäàëüø³ äîñë³-
äæåííÿ áóäóòü ñïðÿìîâàí³ íà âèâ÷åííÿ ðîñòó é ðîçâèòêó 
ðîñëèí-ðåãåíåðàíò³â F. vesca â óìîâàõ â³äêðèòîãî ´ðóíòó.

Êëþ÷îâ³ ñëîâà: ñóíèöÿ ë³ñîâà; êóëüòóðà in vitro; 
ì³êðîêëîíàëüíå ðîçìíîæåííÿ; àêë³ìàòèçàö³ÿ ex vitro; 
ïðèæèâëþâàí³ñòü ðîñëèí. 
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