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Optimisation of the Protocol for Sterilising Explants
of Some Deciduous Woody Plants in Culture in vitro
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Abstract. One of the methods of obtaining planting material for deciduous woody plants, in particular,
common ash (Fraxinus excelsior L.), large-leaved linden (Tilia platyphyllos Scop.), and the silver birch (Betula
pendula Roth) is micropropagation. Explant asepsis — prerequisite for microclonal plant reproduction. For
the most part, chemical sterilisation with liquid substances is used for this purpose. The decontamination
regime is influenced by a number of factors, in particular, the genotype of the plant. The purpose of the
study is to optimise the explant sterilisation protocol of F. excelsior, T. platyphyllos, and B. pendula for
micropropagation. For the study, 20-30 cm parts of shoots isolated from a 12-year-old T. platyphyllos, 10-year-
old B. pendula, and a 15-year-old F. excelsior were used in February-March 2021 Plant material was cultured
according to the generally accepted method on an MS nutrient medium (Murashige & Skoog, 1962). MS
Excel software tools were used to process the research data, the average, and its main error were calculated.
Univariate analysis of variance (ANOVA) was performed to analyse the effect of explant sterilisation mode
on asepsis. The expediency of keeping plant material for a day in fungicidal preparations, in particular,
in 0.1% “Samshit” solution, is shown — F. excelsior and 0.3% Fundazol solution — T. platyphyllos and B.
pendula. The protocol of sterilisation of experimental plants (efficiency over 50%) is optimised by using a
step method using 70% ethyl alcohol, 1.0% and 2.0% AgNO,, and 2.5% and 5.0% NaClO. It was identified
that the effect of the sterilisation regime of experimental plants on asepsis is statistically substantial at the
level of 5%. A MS nutrient medium with the addition of 0.25 mg*]"! kinetin and 2.0 g*l ! activated carbon
was used to initiate explants. Further research is aimed at developing a protocol for the direct regeneration
of plant microshoots of F. excelsior, T. platyphyllos, and B. pendula by the action of the components of the
nutrient medium in vitro
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Introduction

Obtaining high-quality planting material for
deciduous woody plants, in particular, common ash
(Fraxinus excelsior L.), large-leaved linden (Tilia
platyphyllos Scop.), and the silver birch (Betula
pendula Roth), is an urgent task for the forestry and
gardening industry of Ukraine. One of the methods of
obtainingplantswhilepreservingvaluablehereditary
properties is micropropagation. In contrast to
conventional reproduction methods, this method
allows obtaining healthy genetically homogeneous
plants throughout the year from a minimum amount
of donor material and substantially increases the
reproduction rate (Butenko, 1964; Lutova, 2003;
Smith, 2012). One of the most important conditions
for micropropagation is the preparation of plant
material for introduction into the conditions in
vitro, in particular, the selection of an effective
sterilisation protocol (Kalinin et al., 1980; Kataeva
& Butenko, 1983). The result of micropropagation
depends on sterilisation as the first stage.
Therewith, it is necessary to select the appropriate
sterilising substances, their concentration and
exposure to holding, which effectively neutralise
the biota, do not damage plant tissues, and allow
obtaining high viability in the conditions of in vitro.

Currently, chemical sterilisation with liquid
substances, less often gaseous substances, and
physical reagents (ultrasound, ultraviolet radiation)
are used to achieve asepsis of explants (Butenko,
1964; Kalinin et al., 1980; Kataeva & Butenko,
1983). Analysis of studies shows that the most
common is chemical sterilisation with substances

containing active chlorine (sodium/calcium
hypochlorite, chloramine, bleach lime), hydrargium
(Sulema, ethylmercurchloride, thimerosal),

oxygen (hydrogen peroxide), silver (silver nitrate),
alcohols (Shabanova & Mashkina, 2015; Lebedev
& Shestibratov, 2016; Podhaietsky et al., 2016;
Shakhov et al., 2018, 2019). Antibiotics are used
to neutralise the endogenous biota of objects, but
they are characterised by a selective spectrum of
action (Butenko, 1964). Biocides are also used, in
particular, PPM (Plant Preservative Mixture™)
(Podhaietsky et al., 2016). In particular, the authors
of Lebedev & Shestibratov (2016) sterilised the parts
of the escape from 2-3 buds isolated from 60-year-
old plus F. excelsior trees, in 0.1% mercury chloride
for 6 minutes, followed by three-time washing with
sterile distilled water. Plant material was cultured on

an MS nutrient medium (Murashige & Skoog, 1962)
with the addition of BAP (6-benzylaminopurine)
and IAA (B-indolyl-3-acetic acid). Two-stage
sterilisation was used to increase the percentage
of sterilisation efficiency (Skalovd et al., 2012).
Authors Payamnour et al. (2014) optimised the
shoot sterilisation protocol of T. platyphyllos using
soapy water to neutralise surface contamination
and pre-sterilisation, which consisted of holding
in a solution of 600 mg*l! ascorbic acid, 4.0 g*I!
fungicide “Captan”, 5.0% commercial solution of
NaOCl (5.0% Cl) (20 min). The plant material was
then washed under running water. A solution of
600 mg*1! was used for sterilisation of ascorbic acid
and 10% NaOCI (5 min). For sterilisation of plant
seeds of Betula spp. 1.0% hydrogen peroxide (H,0,)
(48 h) at T=+4°C, followed by exposure at 30.0%
H202 (15 min) and washing in sterile distilled water
(Gaidamashvili et al., 2015). Authors Shabanova &
Mashkina (2015) conducted sterilisation of hybrid
explants Populus L. considering the isolation
season. In particular, shoots isolated in winter were
pretreated under non-sterile conditions in 2.0%
“Domestos” (10 min), then in a mixture of solutions
of 0.025% merthiolate (10 min) and 7.0% “Bilyzna”
(10 min); the exposure of explants isolated in
summer was 7 minutes. Effective for sinus buds of
Populus maximowiczii Henrywas holdingin 70% ethyl
alcohol (1 min), followed by transfer to NaClO (2%
active chlorine) (10-18 min) (Kdrkonen et al., 2011).
Other researchers (Delgadillo-Diaz et al., 2013)
developed an effective mode for sterilising explants
of Quercus spp. with the use of 70% ethyl alcohol
and 5.25% sodium hypochlorite. A 0.1% solution
of merthiolate or mercury bichloride (Shakhov et
al., 2019) / 12,0 % H,0, / NaClO with 95.2% active
chlorine (Shakhov et al., 2018) was used for cherry
explants isolated from the apical and lateral buds
of annual shoots in March. Therewith, a number of
authors note that the mode of explant sterilisation
depends on a number of factors, in particular, the
donor genotype, physiological state, age and type
of explant, and the isolation season (Butenko, 1964;
Karkonen et al., 2011; Payamnour et al., 2014;
Podhaietskyi et al., 2016; Shakhov et al.,2018,2019).

Thepurposeofthestudyistooptimisetheexplant
sterilisation protocol of F. excelsior, T. platyphyllos
and B. pendula for micropropagation. The study
provided for solving the following tasks: 1) determine
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the effective mode of decontamination of explants in
non-sterile conditions; 2) select sterilising substances
and determine their optimal concentration, and
exposure in sterile conditions; 3) select an effective
nutrient medium at the in vitro initiation stage.

Materials and Methods

For the study, 20-30 cm parts of shoots isolated from
a 12-year-old T. platyphyllos, 10-year-old B. pendu-
la, and a 15-year-old F. excelsior in February-March
2021 were used. Commercial fungicides were used
to reduce the percentage of contamination of plant
material under non-sterile conditions: 0.3% Fun-
dazol and 0.1% Samshit (100 g*I"1 cresoximethyl +
200 g*I'! diphenoconazole). Shoots were treated by
spraying/holding for a day / were not treated with
fungicides (control). Sterilisation of plant material
(4-8 cm fragments) consisted in holding (15-20 min)
in a soapy solution (with the addition of a few drops
of Tween-80 detergent), stirring constantly, wash-
ing in running water (15-20 min), rinsing in distilled
water, immersion in 70% ethyl alcohol, sterilisation
in solutions, and subsequent three-time washing in
sterile distilled water (5-6 minutes in each serving).
2.5% and 5.0% NaClO, 1.0% and 2.0% AgNO, were
used as sterilising agents. At the stage of introduc-
tion to culture in vitro an MS nutrient medium was
used. The nutrient media was supplemented with
100 mg*1I"! mesoinositol, 0.25 mg*I'! kinetin, 30 g*1*!
sucrose, 2.0 g*I'! activated carbon, and 7.0-7.3 g*I!
microbiological agar. The acidity index of the medi-
um (pH) was adjusted to the level of 5.7-5.9.

The plant material was cultivated according
to the generally accepted method in a light room at
a temperature of 24+1°C and illumination of 2.0-

3.0 klx with 16-hour photoperiod and relative hu-
midity of 70-75%. Biotechnological methods were
used, in particular, micropropagation using the
culture of plant shoot fragments in vitro (Butenko,
1964; Kalinin et al., 1980; Kataeva & Butenko, 1983;
Smith, 2012). The repeatability of experiments is
fourfold. MS Excel software tools were used to pro-
cess the research data, the average, and its main er-
ror were calculated. Univariate analysis of variance
(ANOVA) was performed to analyse the effect of ex-
plant sterilisation mode on asepsis. The following
abbreviations were used in the results: F - calculat-
ed value of the Fischer criterion; F_, - critical value
of the Fischer criterion. The study was conducted in
the research laboratory of plant biotechnology of
the National University of Life and Environmental
Sciences of Ukraine “Boyars’ka LDS” in 2021.

Results and Discussion

Explant asepsis — prerequisite for microclonal plant
reproduction. One of the most common sterilising
agents for the production of aseptic woody plant
cultures is NaClO (Kéarkonen et al., 2011; Delga-
dillo-Diaz et al., 2013; Payamnour et al., 2014;
Shabanova & Mashkina, 2015). Therewith, the diffi-
culty of obtaining a substantial proportion of aseptic
material of woody plants is due to morpho-physio-
logical features, so by analogy with other research-
ers, (Skalova et al., 2012; Payamnour et al., 2014;
Gaidamashvili et al., 2015) two-stage sterilisation
was used. Results of the authors’ research (Butenko,
1964; Payamnour et al., 2014) indicate the feasibili-
ty of using fungicides for pre-sterilisation. Action of
fungicides and sterilising substances (ethyl alcohol,
NaClO, AgNO3) for explants are shown in Table 1.

Table 1. Efficiency of sterilisation of fragments of shoots of experimental plants in the conditions of in vitro

'g Explant sterilisation
o Species Fungicide (pre-sterilisation) | Basic sterilisation mode efficiency (mean * standard
§ error). %
1 . — — 70% ethyl alcohol (1-2 min). 27.5%3.0
2 . spraying 0.1% “Samshit 5% NaClO (10 min) followed 52.3%4.3
F. excelsior . - J
3 soaking in 0.1% Samshit (24 by transfer to 2.0% AgNO, 70.3£2.8
hours) (9-10 min) o
4 - 70% ethyl alcohol (1-2 min). 29.3#2.2
5 spraying 0.3% “Fundazol” 5% NaClO (6-7 min) followed 31.3%1.5
T. platyphyllos e o = b P 2.0% AeNO
6 soaking in 0.3% “Fundazol y transter to 2.0% AgNO, 65.042.6
(24 hours) (9-10 min) e
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Table 2, Continued

% Explant sterilisation

o Species Fungicide (pre-sterilisation) | Basic sterilisation mode efficiency (mean # standard
(3] o

> error). %

7 - 22.0+3.4

70% ethyl alcohol (1-2
8 B pendula spraying 0.3% “Fundazol” min). 2.5% NaClO (5-6 min) 57.3£2.2
P — - — followed by transfer to 1.0%
9 soaking in 0.3% “Fundazol AgNO, (5-6 min) 58.541.9
(24 hours)

On day 4, the growth of biota (fungi/bacte-
ria) at the base of the explant on the surface of the
nutrient medium was recorded. This was caused by
insufficient aseptic intake during surface sterilisa-

tion of plant material (Buckley & Reed, 1994). It was
visually established that the basis of contaminants
was fungi (over 80 %, Fig. 1, c bacteriosis occurred
occasionally (up to 20 %).

Figure 1. Results of explant sterilisation:
aseptic explants of F. excelsior (a) and T. platyphyllos (b); infected with fungal mycelium B. pendula (c);
viable micro-shoots in vitro F. excelsior (d), T. platyphyllos (e), B. pendula (f)

It is known that to minimise the toxic effects
of sterilising agents and reduce the proportion of
non-viable plants, their concentration and expo-
sure should be minimal (Kalinin et al., 1980; Ka-
taeva & Butenko, 1983). Responses of woody plant
explants to decontamination regimes differed,

which is due to morpho-physiological features
of genotypes. According to the results of univar-
iate analysis of variance (ANOVA), the effect of
the sterilisation regime of experimental plants on
asepsis is statistically substantial at the level of 5%
(F>F ., P<0.05) (Table 2).

crit.?
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Table 2. Final results of univariate dispersion analysis for experimental plant tissues in vitro

F. excelsior
Soqrcg of s df MS F P-value i
variation o
Between 3731 2 1865.3333 39.2014 3.6077 4.2565
groups
T. platyphyllos
Between 3228 2 1614.0833 89.9489 1.1248 4.2565
groups
B. pendula
Between 3435 2 1717.5833 65.5705 4.3106 4.2565
groups
where: df — number of degrees of freedom; MS - variances; F — calculated value of the Fischer criterion;
P-value - calculated value of the minimum substantiality; F_ - critical value of the Fischer criterion

The experimental results showed the feasibil-
ity of keeping plant material in fungicide solutions
and using step-by-step sterilisation, which is con-
sistent with the data of other authors (Skalova et
al., 2012; Payamnour et al., 2014; Gaidamashvili et
al., 2015). Effective sterilisation of plant shoot frag-
ments of B. pendula was achieved by using step-by-
step sterilisation (70% ethyl alcohol — 1-2 min, 2.5%
NaClO and 1.0% AgNO, - 6-7 min) with prelimi-
nary exposure for a day in 0.3% Fundazol solution
to obtain 58.5%¥1.9% asepsis (Fig. 1, f). The highest
percentage of efficiency (65.0 = 2.6 %) for explants
of T. platyphyllos was obtained in the case of using
70% ethyl alcohol (1-2 min), 5.0% NaClO (6-7 min)
and 2.0% AgNO, (9-10 min) and pre-holding in 0.3%
Fundazol solution (Fig. 1, b).

For effective neutralisation of exogenous bi-
ota F. excelsior (70.3£2.8 %), it is advisable to apply
an asepsis regime that provided for the use of 70%
ethyl alcohol (1-2 min), 2.0% AgNO,, and 5.0% NaC-
10 (9-10 min) with preliminary exposure for a day in
0.1% “Samshit” solution (Fig. 1, a). On 30-50 of cul-
tivation, viable microshoots with characteristic pig-
mentation without signs of vitrification and necro-
tisation were obtained on an MS nutrient medium
with the addition of 0.25 mg*I'! kinetin and 2.0 g*I'!
activated carbon (Fig. 1, d, e, f).

Conclusions

Protocol for sterilisation of plant shoot fragments
of F. excelsior, T. platyphyllos, and B. pendula, iso-
lated in February-March was optimised, and asep-
tic viable microshoots in vitro were obtained. The
expediency of keeping plant material in fungicides
for a day (0.1% Samshit solution) is shown. — F. ex-
celsior; 0.3% solution of “Fundazol” — T. platyphyl-
los, B. pendula) and the use of step-by-step sterili-
sation using ethyl alcohol, AGNO, and NaClO. It was
identified that the effect of the sterilisation regime
of experimental plants on asepsis is statistically
substantial at the level of 5%. It is advisable to use
the following protocols (with preliminary exposure
in a fungicide solution and 70% ethyl alcohol for
1-2 min): 1) 2.5% NaClO (6-7 min) and 1.0% AgNO,
(6-7 min) - for B. pendula; 2) 5,0% NaClO (6-7 min)
and 2.0% AgNO, (9-10 min) - for T. platyphyllos;
3) 2,0 % AgNO, and 5.0% NaClO (9-10 min) - for
F. excelsior to obtain a substantial amount of aseptic
viable microshoots (over 50%). An MS nutrient me-
dium with the addition of 0.25 mg*I! kinetin and
2.0 g*1'! activated carbon is applied to initiate ex-
plants. Further research is aimed at developing a
protocol for the direct regeneration of microshoots
under the action of components of the nutrient
medium in vitro.
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OnTuMmi3allist MPOTOKOIY CTEepWIi3allii eKCIVIaHTaTiB
IesIKUX JIMCTSIHUX JepPeBHUX POCIVH Y KYJIbTYPI in vitro

Oxkcana IOpiiBHa YopHo6poB, Onena E. TkauoBa

HarmioHanpHMit yHiBepcuTeT 6iopecypciB i mpMpomoKopucTyBaHHS YKpaiHu
03041, Byn. T'epoiB O6oponu, 15, m. Kuis, Ykpaina

AHoranisa. OgHUM i3 MeTO[iB OTpMMAaHHSI CaAMBHOTO MaTepiany JMUCTSHUX ITepeBHUX POCIMH, 30Kpema
siceHa 3BuuaitHoro (Fraxinus excelsior L.), iuniu mmmpokonuctoi (Tilia platyphyllos Scop.) Ta 6epe3u MOBUCIOI
(Betula pendula Roth), € MiKpOK/IOHaJIbHE PO3MHOKEHHS. ACEIITUMUYHICTh eKCIJIAHTaTiB — IepegymMoBa
MiKPOKJIOHAIbHOI'O PO3MHOKEHHS POCIMH. 3[1e61/IBIIIOTO [IJIS IIbOTO BUKOPUCTOBYIOTh XiMiUHY CTEPUITi3alliio
pigkumu peuoBuHaMu. Ha pexkum meKoHTaMiHaIlii BIUIMBA€ HM3Ka UMHHMKIB, 30KpeMa TeHOTUIT POCIMHN.
Meta mocimKeHHsS — ONMTMMIi3allisi MPOTOKOIY CTepuiisalii ekcrutanTtartiB F. excelsior, T. platyphyllos Ta
B. pendula pnst MiKpOKJIOHA/JIbHOTO PO3MHOKeHHS. [Ij1s1 mocyiiskeHb BUMKOpucTOoBYBaau 20-30 ¢cM 4acTUHU
MaroHiB, i3onboBaHi i3 12-piunoi T. platyphyllos, 10-piunoi B. pendula Ta 15-piuHoro F. excelsior y T1ioToOMYy-
6epesHi 2021 p. PotnHHMIT MaTepian KyIbTUMBYBA/IM 3a 3aTaJIbHOIPUITHATOI0 METOIMKOIO Ha SKUBUTbHOMY
cepemoBumi MS (Murashige & Skoog, 1962). [I;is1 ompaiioBaHHS JOCTITHUX MaHUX BUKOPUCTOBYBAIN
nporpaMHui 3aco6u MS Excel, po3paxoBaHO cepefgHE Ta OTO OCHOBHY IOMWMIKY. [l aHai3y BIUIMBY
PEeKMMY CcTepuisallii eKCIJIaHTaTiB Ha acelTUUHICTb NMPOBeIeHO OgHO(GAKTOPHMII JUCIepCiiiHmii aHasi3
(ANOVA). TToka3aHO AOIiIbHICTh BUTPUMYBAHHS POCIMHHOTO MaTepiaay YIpomOBK q06M y QyHTiMIHUX
npernaparax, 3okpemay 0,1 % posunni «Camiut» — F. excelsior Ta 0,3 % po3unHi «dyHnmazon» — T. platyphyllos
i B. pendula. OnTMi3oBaHO MTPOTOKOJ CTepuIIi3aliii JocaimHMX pocanH (eekTUBHICTb moHas 50 %) nuisixom
BMKOPMCTAHHS CTYIIIHUACTOro €r1oco0y i3 sacrocyBanHam 70 % erumosoro crnupry, 1,0 % i 2,0 % AgNO, Ta
2,5 % i 5,0 % NaClO. YcraHOBJIEHO, IO BIUIMB PEXUMY CTEPMIIisallii JOCTiITHMUX POCIMH Ha acCelTUYHICThb
€ CTAaTUCTMYHO 3HAUyIIMM Ha piBHi 5 %. [ng i”imiamii ekcIutaHTaTiB BMKOPUCTOBYBAIM JKUBUJIbHE
cepemoBuiie 3a mpornyucom MS i3 gomaBaHHsaMm 0,25 mr-n1! KiHetuHy i 2,0 r-1! aKTMBOBAHOTO BYTI/IJIS.
IMoganbiri MOCTIIKEHHS CIIPSIMOBaHI Ha pPO3pPO6GIEHHS MPOTOKONY MpSIMOi pereHeparrii MiKpoIaroHiB
pocnuH F. excelsior, T. platyphyllos Ta B. pendula 3a [iii KOMITOHEHTIB KMBWJIBHOTO CepeloBUIla in Vitro

KnrouoBi c1oBa: KynbTypa TKaHWH POCINH in vitro, Fraxinus excelsior L., Tilia platyphyllos Scop., Betula
pendula Roth, acenTuuHicTb, eKCIUIAHTATH, pereHepailis, >KMBUJIbHE CepemoOBMUINE, MiKPOKIOHA/IbHE
PO3MHOKEHHS

Vol. 12, No. 3, 2021 Ukrainian Journal of Forest and Wood Science 86



