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Purpose. The adaptation of regenerant plants to environmental conditions is the final stage of micropropagation.
According to a number of authors, when in vitro plants are transferred to in vivo non-sterile conditions, a significant
percentage of mortality is recorded. In a previous publication, the regenerative capacity of strawberry (Fragaria vesca L.)
in vitro tissues on MS culture medium (Murashige & Skoog, 1962) and a regenerants was obtained (Chornobrov 0. Yu., 2019).
The objective of the study is to develop an optimal protocol of acclimation of in vitro F. vesca plants to in vivo conditions.
Methods. Biotechnological and statistical methods of research were applied. For the research ‘Ruiana’ and ‘Zhovte Dyvo’
cultivars were used with in vitro cultivation cycle of 30-35 days. Prepared plants were planted in 0.33 L plastic containers,
one piece in a mixture of coconut substrate and perlite (3:1). Plants were kept under high relative humidity (85-90%)
conditions for 3-5 days, 6—-8 days and 10-14 days. The studies were carried out in the Plant Biotechnology Laboratory of
SS of NULES of Ukraine “BFRS” during 2019-2020. Results. The duration of Fragaria vesca regenerant plants exposure in
conditions of high relative humidity significantly affected adaptation efficiency. The proportion of ‘Ruiana” and ‘Zhovte
Dyvo’ plants adapted to the greenhouse conditions were 47.6 + 2.5% and 60.0 + 1.7%, respectively, when the plants were
kept for 10-14 days. A significant efficiency of plant adaptation (more than 70%) was obtained under condition of pre-
liminarily exposure the roots of the plants in an auxin solution for 25-30 minutes with daily application of 30% solution
of glycerine as foliar spray. The plants adapted to the greenhouse conditions had pigmentation characteristic of the
variety, without signs of chlorosis and vitrification. Conclusions. An optimal protocol for in vitro adaptation of F. vesca
cultivars to in vivo conditions was developed and viable plants were obtained. Further research will be aimed at studying
the growth and development of F. vesca regenerant plants in open ground.
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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
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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 - It 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].
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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, (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' 3-IAA (B-indolyl-3-
acetic acid), 1.0 mg - L' NAA (a-naphthylacetic
acid), 1.0 mg - L' 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

The share of adapted plants with different duration
Variety 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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Results of one-way analysis of variance

Table 2

Analysis of variance
Source of variation SS df| MS F P-value Feit.
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 .. —the critical value of the Fisher criterion.

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

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

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. Knyazeva’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.
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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
.., = 116.0360; F, = 5.38177; F_ et
Tt was found that plants of ‘Zhovte dyvo’ varie-
ty were characterized by active growth. In par-
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Table 3

Growth characteristics of F. vesca regenerant plants under conditions of closed ground, 30th day

Variet: Plant rooting under Tﬂgttt’)esgi:]c?lieqc?coli:\i\g Linear Plants Other signs
y greenhouse conditions, % P forn51/ati0n days growth**| pigmentation g
‘Ruiana’ 71.6 +2.7% 28-30 +++ green no signs (.’f chlorosis and
vitrification were found
‘Zhovte Dyvo’ 82.8+3.2 22-25 ++ - -

* Mean value + standard error;

** Linear growth: (+++) — active (more than 2.0 cm); (++) — medium (1.0-1.9 cm); (+) — weak (less than 0.9 cm); (=) — absent.

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 89 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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MeTa. ApanTalis poCNWH-pereHepaHTiB 40 YMOB JOBKi/-

Nf — 3aKNIOYHWI eTan MiKpOKNOHANbHOMO PO3MHOMKEHHS.
3a LaHUMW HM3KW ABTOPiB, NPU NepPeHeceHi pocnuH in vitro

B

HECTEPUNbHI YMOBM 3aKpUTOr0 FpYHTY iKCyloTb 3Hau-

HUA BigcoTok Bignapy. Y nonepeawiit ny6nikauii gocni-
IXKEeHO pereHepaliilHy 3[aTHICTb TKAHUH POCAWH CYyHUUI
(Fragaria vesca L.) in vitro Ha XuBunbHOMY cepefioBuiLi MS Ta
ofiepxaHo pereHepaHTu (YopHobpos 0. H0.,2019). MeTa gocnig-
KEHHA — po3pobNieHHs ONTUMaNbHOrO NPOTOKOMY ajanTa-
Uil pocnuH-pereHepaHTiB COpTiB F. vesca fo yMOB in vivo.
MeToau. [Ins focnigeHb BUKOPUCTOBYBANN POCIUHU CYHN-
ui copriB ‘PyaHa’ i HosTe gMBO’ i3 UMKNOM KyNbTUBYBAHHSA
in vitro 30-35 pi6. PocnuHu BUCagXyBanu B NNacTUKOBI
KoHTeiiHepu (06'em — 0,33 1) mo 1 WT. y CyMill KOKOCOBOTO
cy6cTpaty Ta nepnity (3:1). PocnnHu BUTpUMyBanu B yMoBax
BUCOKOT BigHOCHOT BosiorocTi noBiTps (85-90%) ynponos
3-5 pi6, 6-8 pi6 i 10-14 gi6. [JocnigxeHHs npoBoauUnu B
HayKOBO-0CNiAHi Nnabopatopii 6ioTexHonorii pocaud B
HYBil Ykpainu «bospcoka JIAC» ynpoposx 2019-2020 pp.
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Pesynbratu. TpuBanicTb BUTPUMYBAHHA POCIUH-pereHepaH-
TiB F. vesca B ymoBax Bucokoi BBl focToBipHO BNAMBana Ha
eeKTUBHICTb aganTauii. 3a BUTpMMyBaHHA ynponosx 10—
14 pi6 YacTKa aganToBaHUX 4O YMOB 3aKPUTOrO FpyHTY poc-
JINH cTaHoBwUna ansa copty ‘PyaHa’ 47,6 + 2,5% i 60,0 + 1,7%
ans copty ‘HosTe AMBO’. 3HaUYHY NPUKUBAIOBAHICTb POCIUH
(noHap 70%) opepaHO 33 YMOB MonepeHbOro BUTPUMY-
BaHHA KOPEHeBOi CUCTEMM B PO3YMHI ayKCWMHIB yNpOAOBX
25-30 xB i3 WOAEHHUM OONPUCKYBAHHAM NUCTKIB 30%-M
rniuepuHoM. AfanToBaHi O YMOB 3aKpPUTOrO I'PYHTY pereHe-
PaHTU Manu xapaKTepHy Ans cOpTy nirmeHTauilo, 6e3 o3Hak
xnopo3y Ta BiTpudikauii. BUCHOBKKU. Po3pobneHo ontu-
ManbHWit NpoTOKON afanTauii copTis F. vesca in vitro Lo yMoB

in

VIVO Ta OJePKaHO XUTTE3AATHI pocauHu. Mogansbuwi gocni-

IXEeHHs OyAyTb CNPAMOBAHi Ha BUBYEHHS POCTY il PO3BUTKY
POCAUH-pereHepaHTiB F. vesca B yMOBax BiAKPUTOrO FpyHTY.

Knioyosi cnosa: cyHuys nicosa; Kyasmypa in Vvitro;

MIKPOKJIOHA/IbHE PO3MHOXEHHA; aKaimamu3ayis ex vitro;
NPUXUBIOBAHICMb POCIUH.
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