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Abstract. European white elm (Ulmus laevis Pall.) tissue in vitro is a donor material for obtaining cultures with stable
resistance to pathologies of infectious origin, namely to Dutch elm disease. To solve this problem, it is necessary to
develop an effective protocol for the regeneration of U. laevis in vitro. The purpose of this study is to investigate the effect of
chloramine concentrations on the mycobiota of U. laevis plant tissues for propagation in vitro. 10-15 cm parts of shoots from
25-year-old U. laevis were used as plant material. The study was conducted in the autumn of 2021. Microshoots previously
sterilized with chloramine (1.0%, 2.5%, 5.0%, 10.0%) for 10 min were cultivated on a solid nutrient medium according to
the WPM recipe (McCown & Lloyd, 1981) with the addition of 0.2 mg-1"' 2 - iP (6-(y,y- Dimethylallylamino)purine) and
2.0 g1-1of activated carbon. For microbiological analysis, sterilised plant material was cultured by accumulation in Petri
dishes with a nutrient medium (sour potato agar) in a thermostat without lighting at +26 + 1°C and a relative humidity of
68 * 2%. Methods of biotechnological, mycological, and statistical research were employed in this study. Over 95% of the
samples were found to be infected with microscopic fungi of the genus Mucor Fresen., Penicillium Link, Chaetomium Kunze
and Trichoderma Pers. The effect of preparation concentration on the total number of infected explants is statistically
insignificant at 5%. It was found that 5.0% preparation is effective for neutralising mycobiota of the genus Chaetomium
and Trichoderma; 10.0% - for neutralising Penicillium mycobiota. If the concentration of chloramine increases, the
intensity of infection of explants with mycobiota of various genera decreases. As a result of the research, a small amount
of aseptic cultures were obtained from the shoots of U. laevis isolated in autumn. This study is relevant for biologists,
biotechnologists, microbiologists, and biological scientists
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Introduction

European white elm (Ulmus laevis Pall.) is a valuable for-
est, decorative, soil protecting, forest improvement,

ulmi Melin & Nannf. (Ceratocystis ulmi) and Ophiostoma
novo-ulmi with the conidial stage of Graphium ulmi,

honey-bearing, medicinal, and fodder plant. Medicinal
features of the plant are conditioned upon the presence
of valuable biologically active substances that have anti-
microbial properties [1-3]. EIms are successfully used in
settlement gardening and landscape design. According to
the results of forest pathology examinations, plants are
damaged by pests, namely the winter moth, the clouded
magpie, the elm leaf miner, and Exaereta ulmi [4]. Currently,
the Dutch elm disease (DED), which causes mass drying
of European and Asian species, is particularly dangerous.
The causative agent of the DED is sac fungi Ophiostoma
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which spread in the vessels, obstruct the flow of water,
and cause the death of individual branches or the tree in
general. The disease is mainly spread by bark beetles or
insects (Scolytus scolytus F., Scolytus multistriatus Marsh.,
Scolytus pygmaeus F.) [4; 5]. However, many researchers
have established that infectious vascular pathogens are not
the main cause of the mass disease of oaks and other decid-
uous plants, their spread as a consequence or a secondary
phenomenon [6; 7]. Furthermore, there is no consensus on
pathogenicity of Ophiostoma. In a normal state, species of the
Ophiostoma genus vegetate as saprophytes in dry branches of
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the crown, but in conditions of increased air in the vessels,
they change to a parasitic state [6]. Therefore, the root cause
of the mass drying out of Ulmus is still debatable.

During the decades of spread of DED in Europe and
North America, various recommendations have been pro-
posed and tested to prevent the drying out of these spe-
cies and to minimize damage to forest and urban planta-
tions (use of systemic insecticides by injection into wood
or vessels, pruning of branches with the first symptoms
of the disease, treatment of felled trees with insecticides
and sanitation treatment). However, the proposed methods
are currently ineffective. Innovative in vitro technologies,
in contrast to conventional methods, allow obtaining ar-
tificial hybrids/somaclonal variants/mutants with disease
resistance using protoplast culture, cell selection, and ge-
netic engineering [8-10]. This strategy can only be initiated
after the establishment of efficient plant regeneration pro-
tocols from Ulmus tissues [11].

The purpose of the study is to figure out the effect
of chloramine concentrations on the mycobiota of U. laevis
plant tissues for microclonal propagation. Tasks: 1) to find
the total proportion of infected explants under the action
of chloramine concentrations; 2) to find the mycobiota of
the samples under study and the intensity of infection;
3) to investigate the effect of chloramine concentrations on
the mycobiota. The originality of this study lies in the iden-
tification of mycobiota of shoots isolated in autumn from
a 25-year-old U. laevis, after sterilisation with chloramine.

Literature Review

The important value of Ulmus plants predetermined sev-
eral biotechnological scientific studies [12-14]. It was
found that the combination of Ulmus davidiana and Cornus
officinalis extracts has an inhibitory effect on osteoporotic
bone loss and contains biologically active substances;
Ulmus pumila plants have antimicrobial properties against
Escherichia coli, Proteus vulgaris, Klebsiella pneumoniae,
and Enterobacter cloacae [1-3]. It was proved that the use
of stem fungal endophytes from the Cystobasidiomycetes,
Eurotiomycetes, and Dothideomycetes classes stimulates
the induction of the protective metabolism of Ulmus minor
plants to pathogens [10]. Aseptic elms in vitro are used for
microclonal propagation, reintroduction of elite germ-
plasm, creation of plant banks and long-term cryopreser-
vation [5; 9; 11].

Asepsis of explants — is a prerequisite for micro-
clonal propagation of plants. At the stage of obtaining
an aseptic culture, it is important to choose the correct
sterilisation mode. Currently, a wide range of sterilis-
ing substances is used to obtain aseptic culture of woody
plants [15; 16]. One of the most common is chemical ster-
ilisation with substances containing active chlorine. In dif-
ferent years, the culture of Ulmus in vitro was investigated
by many scientists [17-19]. The authors of [14] disinfected
nodal segments with buds of Ulmus americana L. plants in
70% ethanol (1 min), washed with sterile water (3 min),
surface-sterilised in 15% commercial bleach (5.5% sodium
hypochlorite) with the addition of Tween- 20 (2-3 drops,
10 min) followed by washing three times with sterile wa-
ter. The study was conducted from April to September. An-
other group of scientists [5] sterilised buds of U. laevis and
Ulmus glabra Huds. plants with the following regimes: 70%

ethanol (10 min) followed by exposure to 10% hydrogen
peroxide (3 h) / 70% ethanol (20 min) / hydrogen peroxide
with constant stirring (10 min). PPM (Plant Preservative
Mixture™), antibiotics, and sodium hypochlorite were also
used. After sterilisation, the buds were kept on a filter with
100 mg-1"! 1-vinyl-2-pyrrolidone (PVP, Polyvidone). For the
use of sodium hypochlorite in early summer, the research-
ers obtained an aseptic culture from the tops of shoots of
Ulmus procera Salisb. [17]. Researchers [20] observed the
prominent efficiency of regeneration of U. glabra plants
due to the effects of meta-Topolin (6-(3-hydroxybenzyl-
amino)purine) in the nutrient medium. MS [21], WPM [22],
and DKW [23] media with the addition of antibiotics were
used for the proliferation of microshoots. Dormant buds
collected in February were washed with running water and
sterilised in 0.1% NaClO, (10 min), followed by immersion
in 0.01% HgCl, and rinsed three times in sterile distilled
water [19]. Other researchers sterilised seeds collected
from two Ulmus parvifolia ‘Pathfinder’ lines, P-6 and P-10,
in 15% Clorox with 15 drops of Tween 20 for 15 min fol-
lowed by rinsing in sterile distilled water. Under such ster-
ilisation conditions, 100% of aseptic viable explants were
obtained. Plant material was cultivated on DKW nutrient
medium with 3% sucrose, 1.0 mg-1-! thiamine, 0.5 mg-1*!
pyridoxine, 0.5 mg-1"! nicotinic acid, 100 mg-1"! inositol,
0.1 mg-1"' 1 BA (6-benzylaminopurine) and 0.2% Phytogel,
the pH was adjusted to the level of 5.8 [9].

At the same time, studies have found that the sterilisa-
tion mode of Ulmus plant material depends on several factors.
Therefore, the right type of explant is selected experimen-
tally, considering morphological and physiological features.

Materials and Methods

For research, the authors used 10-15 cm parts of shoots
isolated from 25-year-old U. laevis in the autumn of 2021.
As explants, 1.0-1.2 cm parts of shoots with one bud were
used. Sterilisation of plant material involved exposure to
a soapy solution with a few drops of Tween-80 (20 min),
washing in tap water (10-12 min), rinsing in distilled water,
immersion in 70% ethanol (2-3 min), sterilisation in chlo-
ramine solutions (1.0%, 2.5%, 5.0%, 10.0%) for 10 min and
subsequent three-time washing in sterile distilled water
(5-6 min each). The content of active chlorine in chlora-
mine is > 26 mg-1"%. At the stage of introduction into in vitro
culture, nutrient medium was used according to WPM pre-
scription. 100 mg-1! of inositol, 0.2 mg-I'! of 2 — iP (6-(y,y-
Dimethylallylamino)purine), 2.0 g-1"! of activated carbon,
30 g'I'! of sucrose and 7.0-7.3 g-1"! of microbiological agar
were added to the nutrient media. The acidity index of the
medium (pH) was adjusted to 5.6. The total share of infected
explants (%) was determined on the 10™ day of cultivation
(the ratio of the amount of infected plant material to the
total amount introduced is expressed as a percentage).
Biotechnological methods were applied, namely microclo-
nal reproduction using the culture of fragments of plant
shoots in vitro [24-26].

For microbiological analysis, sterilised explants
(Fig. 1a) were cultured according to the accumulation
method in Petri dishes with acidic potato agar [27], 5 pieces
in each. The plant material was cultured in a thermostat
without lighting at +26 + 1°C and a relative humidity of
68 £ 2%. The samples were examined under a KONUS
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BIOREX-3 microscope according to the method adopted in
mycological studies [28]. The genus of isolated fungi was
figured out according to a generally recognised identifier [29].
The intensity of infection of samples after sterilisation was
investigated on the 7™ day of cultivation according to DSTU
7127:2009 [27]. MS Excel software tools were used to process
the research data. The results are presented as M = m (M is the
arithmetic mean, m is the standard error). One-way analysis of
variance (ANOVA) was performed to analyse the influence of
chloramine concentrations on the infection of explants. The
study was conducted in the Plant Biotechnology Laboratory
of the Separate Subdivision of the National University of
Life and Environmental Sciences of Ukraine “Boyarka Forest
Research Station” and in the State Organisation “Ukrainian
Forest Breeding Centre” (SO “UFBC”).

Results and Discussion

Using all experimental concentrations of chloramine for
10 days, significant mycoses were detected in explants
of U. laevis (over 95% infection) cultivated on a modi-
fied nutrient medium for WPM tree species. Low asep-
sis, according to the authors, is caused by insufficient
techniques during surface sterilisation of plant material,
which is consistent with the results of other studies by
other authors [30].

To stimulate the growth and development of micro-
scopic fungi, sour potato agar was used as a nutrient medium
in the experiment. Studies on the 2nd day of cultivation re-
corded the growth of mycobiota near the top of the U. laevis
explant on the surface of the nutrient medium after using
1.0% chloramine (Fig. 1b).

Figure 1. Plant material of U. laevis in vitro on a nutrient medium: a) fragments of shoots as explants on the first day
of cultivation (1 cm line); b) infected explants on the second day (arrows show the mycobiota);
¢), d) general appearance of infection of explants for 10 days using 5.0% chloramine

In case of 5.0% and 10.0% concentrations, infection
was observed somewhat later (on 4-5 days). On day 10, over

95% of tissue contamination was recorded using all experi-
mental concentrations of chloramine (Fig. 1c, d; Table 1, 2).

Table 1. Results of sterilisation of microshoots of U. laevis plants using chloramine in vitro, %

Chloramine X Intensity of explant infection with mycobiota*, %
No. | o centration Total proportion of R :
seq. o ) infected explants, % Mucor Penicillium Chaetomium Trichoderma Pers
% Fresen. Link Kunze :
1 1.0% 97.4+1.9 Strong Weak Single Single
2 2.5% 96.4* 1.6 Strong Weak Single Single
3 5.0% 95.6 1.7 Strong Single - -
4 10.0 % 95.8+1.0 Single - - -

*Note: Sporadic — up to 5% of infection, weak — up to 25%, medium — up to 50%, and strong — over 50%
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Table 2. Final results of univariate analysis of variance

Variance analysis

Variation source SS df MS F e F i
Between groups 9.8 3 3.2667 0.26081 0.8526 3.2389
In the middle of groups 200.4 16 12.525
Total 210.2 19

value of the Fischer criterion; P

value

where « is the level of reliability; SS is the sum of squares; df is the number of degrees of freedom; MS is the variances; F is the calculated
is the calculated value of the minimum significance; F

is the critical value of the Fischer criterion

crit”

Morphological and physiological features of plant
material isolated in the autumn period are one of the rea-
sons for the significant intensity of infection, which is con-
sistent with studies by other authors [14]. At the same time,
according to the data of some researchers [7], it is shown
that in autumn, the number of cases of release of potentially
dangerous fungi, namely Ceratocystis sp. from samples of
Quercus robur L. increases, compared to the summer period.

As aresult of mycological analysis, microscopic fungi
belonging to the Zygomycota and Ascomycota divisions
were found. A mycobiota belonging to four genera Mucor
Fresen., Penicillium Link, Chaetomium Kunze, Trichoderma
Pers. was isolated from the chloramine-sterilised plant
material of U. laevis. A group of researchers [7] isolated
129 species of microscopic fungi of various taxonomic
groups in samples of different organs of control and drying
out Q. robur, namely genera were present and identified by
the authors in the microshoots of U. laevis. It was also found
that the species composition of fungi differed slightly from
that on roots, bark, and wood of Q. robur [7]. Pathogenic fungi
of the genus Ophiostoma were not recorded in the samples of
U. laevis under study.

The authors of this paper, unlike other research-
ers [9; 14; 17], did not obtain enough aseptic explants when
using a chlorine-containing preparation. Thus, other re-
searchers have shown the expediency of using sodium hy-
pochlorite for introducing microshoots of U. americana [14]
and U. procera [17] in the spring and summer period. Ac-
cording to research results, it is advisable to use 15% Clorox
with 15 drops of Tween 20 for 15 minutes to sterilise Ulmus
parvifolia “Pathfinder” [9]. The difference in results, accord-
ing to the authors, is caused by the different period of iso-
lation and the type of plant material. According to ANOVA
results, the effect of 1.0-10.0% chloramine on total explant
infection is statistically insignificant at a 5% level (F <F__ ,
P<0.05). At the same time, it was found that the intensity

of infection with exogenous mycobiota of different genera
differed. Microscopic fungi of the genus Chaetomium and
Trichoderma were effectively neutralised using 5.0% and
10.0% chloramine; using 10% — Penicillium. The presence
of Mucor mycobiota was observed on the explants under
different sterilisation variants. Its increased intensity of in-
fection was recorded on plant material treated with 1.0% and
5% preparation. It was found that in case of an increase in the
chloramine concentration (from 1.0% to 10%), the intensity
of infection decreased (from strong to sporadic).

Conclusions

The total share of infected explants of U. laevis isolated in
the autumn period after exposure to 1.0-10.0% chloramine
was over 95%. Among them, microscopic fungi of the genus
Mucor Fresen., Penicillium Link, Chaetomium Kunze, Trich-
oderma Pers. were found. Chloramine acted on the corre-
sponding mycobiota of U. laevis plant shoots. It was found
that 5.0% preparation is effective for neutralising mycobiota
of the genera Chaetomium and Trichoderma; 10.0% — for
neutralising Penicillium mycobiota. By using experimental
concentrations of chloramine, the presence of Mucor my-
coses was recorded. In case of an increase in the chlora-
mine concentration (from 1.0% to 10%), the intensity of in-
fection decreases (for Mucor — from strong to sporadic). The
effect of 1.0-10.0% chloramine on total explant contamina-
tion is statistically insignificant at the 5% level. As a result
of the research, a small amount of aseptic cultures were ob-
tained from the plant shoots of U. laevis isolated in autumn.
Further studies are aimed at establishing the best mode of
introduction of U. laevis plants for microclonal propagation.
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CKpuHIHT Aii x;TopaMiHy Ha MiK0o06ioTy TKauuH pocimH Ulmus Laevis Pall. in vitro

Oxkcana IOpiiBHa YopHoOpoB, Onekcanap MukosarioBuu MelbHUK,
Anaronin IBanoBuu Kapnyk

Bimokpemenuit migpo3ain HarioHaabHOTo yHiBepcuTeTy 6iopecypciB i TpupoaoKOPUCTYBAHHS
VKpainu «bosipcbKa j1icoBa JOC/IiJHA CTAHILisT»
08150, Bys. JlicomocmigHa, 12, m. Bosipka, YkpaiHa

Anotauis. Tkanuuu B’a3y magkoro (Ulmus laevis Pall.) in vitro — moHOpHMIT MaTepias [JisT OfiepskaHHS KYJIbTYP 3i CTiliKO0
Pe3UCTEeHCTHICTIO [0 MaTOoJIOTi i iH(hEeKI[iTHOTO TOXOKEeHHS, 30KpeMa JI0 roJIaHAChKOI XBOpobu. 17151 BUpilieHH 11iel 3amaui
Heo6XimHO po3pobuTH edeKTUBHMI TPOTOKON pereHepariii U. laevis in vitro. JIocTimkeHHs Iii KOHIIEHTpAIIill XJopamMiHy Ha
MiKo6ioTy TKaHuH pociuH U. laevis mjist pO3MHOKEHHSI B YMOBax in vitro — Merta JOCTimKeHHS. SIK pPOCIMHHMIT MaTepian
BuKopucToByBa/mm 10—15 c¢m vactuHm maroHiB i3 25-piunoro U. laevis. ocmigkeHHS BUKOHyBasu BoceHu 2021 poky.
Mikpormaronu, IornepeaHbo MpocTepuiizoBaHi xmopaminom (1.0 %, 2.5 %, 5.0 %, 10.0 %) ynpomosxk 10 XB, KyJbTUBYBaIN
Ha TBEpIOMY XMBMIbHOMY cepenoBuini 3a mpormicom WPM (McCown & Lloyd, 1981) 3 ngogaBanusm 0.2 mrr! 2 — ill
(N-i3onenTeninaminomypyut) ta 2.0 r~1! akTMBOBAHOrO BYTi/UIsA. s MiKpoO6iolOriuHOro aHamizy MpocTepuii3oBaHMii
POCIMHHUIA MaTepias KyJIbTUBYBaJIX METOAOM HAKOMWYEHHS Yy vamkax IleTpi 3 >KMBWIbHUM cepemoBUIeM (KUCTUI
KapTOIUISTHUIA arap) y TepMmocTaTi 6e3 OCBiT/IEHHS 3a TeMriepaTypy +26 + 1 °C Ta BimHOCHOI BOJIOTOCTi MOBITPs 68 + 2 %.
BUKOPUCTOBYBaAIM METOAM GiOTEXHOMOTIUHMX, MiKOJIOTIUHMX Ta CTATUCTUYHUX AOCTIIKeHb. BusiBieHo moHam 95 % 3paskiB
iHbikoBaHMX MiKpocKomiyHMMY rpubamu poxy Mucor Fresen., Penicillium Link, Chaetomium Kunze ta Trichoderma Pers.
BriuB KOHIEHTpaLlii IpenapaTy Ha 3arajbHy KiJbKicTh iHGIKOBaHMX €KCIUIAHTATIB CTAaTMCTMYHO He3HAUyLIuit Ha 5 %
piBHi. YcraHoBeHO, mo 5.0 % mnpemapaT edeKTMBHUIT AJis HeliTpanizauii Mikobiotu pomy Chaetomium i Trichoderma
10.0 % — Penicillium. Y pa3i 3pocTaHHSI KOHLIEHTPALlii XJIopaMiHy 3MeHIIYEThCS iHTeHCUMBHICTD iH(DIKYBaHHS €KCIUIAaHTATiB
MiK0O6iOTOI0 pi3HUX POfiB. Y pe3ynbTaTi IMPOBeIeHMX MOCTiIKeHb i3 maroHiB U. laevis, i301bOBaHMX BOCEHM, OfepPsKaIN
aCenTUYHI KyJIbTypM Y He3HAUHil KilbKocTi. MaTtepias cTtaTTi akTyaJbHMi1 AJis 6iosoriB, 6i0TexHOIOriB, MiKpo6ionoriB Ta
HAayKOBIIiB 6iosoriuHoro rmpodinto
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