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FEATURES OF THE INTRODUCTION INTO IN VITRO CULTURE
AND MICROPROPAGATION OF PAULOWNIA TOMENTOSA

Abstract. Paulownia sp. are tall and fast-growing perennial plants that grow faster than all woody plants in the
world. In many countries, Paulownia sp. are used as a raw material in bioenergy, furniture industry, landscape
gardening and technologies for phytoremediation. In this study for the first time in Kazakhstan, conditions of
Paulownia tomentosa (P. tomentosa) in vitro cultivation and propagation have been optimized, also the factors
influencing the morphogenetic activity of primary explants have been studied. Along with the adaptation potential of
Paulownia tomentosa microclones to the ex situ conditions, laboratory standing order for microclonal reproduction
have been evaluated.

For sterilization of P. tomentosa explants are recommended to use 50% domestos and 0.1% merthiolate.
Hormone-free WPM medium was considered as the most optimal for the in vitro propagation. Infrared light is highly
recommended for P. fomentosa microclones adaptation, due to its ability to stimulate the formation plants
aboveground biomass and root system.

For Kazakhstan, the research of this type of tree crops is a relevant, new and promising direction. The
development of microclonal propagation of Paulownia tomentosa will accelerate the process of introduction of
Paulownia in our Republic.

Keywords: Paulownia tomentosa, sterilization, micropropagation, nutrient medium, clones, ex situ adaptation,
infrared light.

Introduction. Paulownia (Adam's tree) is a perennial (height up to 15-20 meters) and fast-growing
deciduous plant with large leaves (20-50 cm) and attractive scented inflorescences, the plant belongs to the
Scrophulariaceae family. Paulownia sp. growth rate surpasses the woody plants all over the world. The
annual growth rate is more than 1.5 m [1, 2].

Such countries as China, Japan, Brazil, Europe, and the United States distribute Paulownia as a
valuable garden-park crop. In addition, Paulownia is used as a raw material in bioenergy, as an effective
way to mitigate the climate changes, as a good glucose feed in livestock racing and even as a phytoagent
in contaminated soil phytoremediation process [3-5].

Current economic, social, and ecological conditions are crucially important for the rare or endangered
plants preservation and biodiversity problems, initiated by the habitats loss and anthropogenic activities.
Nowadays, the plant micropropagation technique based on the cell and tissue culture methods has been
evolved in a wide commercial application [6].

Major biotechnology companies apply the method not only for mass production of planting material
but in the breeding process, obtaining new hybrids and cultivars over a much shorter period. The clonal
micropropagation allows getting healthy, virus-free planting material, whereas, the multiplication factor
rate reaches 10°-10 plants per year within a short time. It is several thousand times more compared to the
traditional method of vegetative propagation [7, 8] . Moreover, plantation production is relevant within the
context in view of increasing demands for commercial wood, and population of genetically aligned trees
can be accessed through clonal micropropagation. Thus, accurate prediction of the plantations
development dynamics can become real [9, 10].
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The high demand for planting material in the domestic and international markets for landscape
gardening and bioenergy led to the building effective ways of micropropagation of Paulownia sp. for the
rapid and mass distribution. Over the past several decades, numerous laboratories researched the
Paulownia sp. aiming to expand the technology for microclonal reproduction, study the organogenesis
processes, and evolve the protocols for genetic transformation [11-14].

Furthermore, for Kazakhstan, the study of the Paulownia species is a relevant and promising
direction. Currently, in the Southern regions of Kazakhstan researches on the Paulownia tomentosa
(P. tomentosa) introduction has begun. In 2019, about 37,000 P. tomentosa seedlings were successfully
planted in the Saryagash district of the South Kazakhstan region. Nowadays, pilot projects are being
constructed to adapt P. tomentosa to the climatic conditions of the Mangistau region, by the request of the
International Center for Green Technologies and Investment Projects.

Considering the economic importance, as well as the current and potential future of the using
Paulownia sp., the development of biotechnological approaches to the crop propagation are based on the
application of micropropagation technology, which will help to accelerate the Paulownia introduction in
our Republic.

Research goal. Studying the features and optimization conditions of microclonal reproduction of
P. tomentosa in order to obtain high-quality planting material.

Materials and methods. Explants sterilization. Stem segments 2-3 cm long with one axillary bud
were used as explants for introduction into in vitro culture. At the first step of sterilization, the segments
were kept in a soapy solution (7 min), then washed three times with distilled water (2 min). Further work
was carried out in a laminar box by treating explants with different sterilizing agents such as Whiteness,
Merthiolate, and Domestos in various concentrations. Sterilization options are shown in Table 1. After
sterilization, the explants were washed three times in the sterile distilled water (5 min), placed on a sterile
filter paper, and planted on a nutrient media.

Micropropagation. For the cultivating of the P. tomentosa explants, were used Variety of the nutrient
media with different combinations and concentrations of phytohormones (benzylaminopurine [BAP],
indolyl-3-butyric acid [IBA], indole-3-acetic acid [IAA], 2,4-dichlorophenoxyacetic acid [2,4-D], and
gibberellic acid [GA]) were used for the P. fomentosa explants cultivation. However, to induce the
morphogenesis, explants were cultivated in the WPM medium without growth regulators for 28 days. The
obtained shoots were separated from the primary maternal explant and independently cultivated again to
the freshly prepared medium during the 4 passages.

The shoots were developed from buds within 2-4 weeks and separated from the explant after 4 weeks
of cultivation.

Among the shoots, the largest ones were selected, with a well-developed leaf blade with a length of
1.5 — 2.5 cm. Shoots were divided into single-node segments which were subcultured in fresh WPM
medium without growth regulators for 10-12 days for the root formation.

The selected explants were cultured under 16-hours photoperiod, fluorescent illumination, and at the
temperature of 22-24°C. The explants viability, growth and development were assessed weekly. The
experiments were carried out in 3-4 replications. One replication contained 60 explants.

Microshoots adaptation to ex situ conditions. Adjustment of microshoots to ex sifu conditions was
carried out by placing rooted 10-14 days shoots in containers with universal soil, where peat was a
dominant component. Rooted shoots were cultivated under 24-26°C and high humidity conditions.
Planting was carried out by placing one plant per container (250 g). Before planting into the soil
regenerated plants were 2-3 cm in height with intensely colorful leaves and developed root system.
Therefore, to successful adaptation in open ground conditions, regenerated plants with at least 1 cm root
length were selected.

Regenerated root clones with a small amount of nutrient medium were planted in the containers filled
by moist soil mixture, then closed on top via plastic caps. White fluorescent lamps WL-40 (white light)
and fluorescent lamps FL-40-4 (predominance of radiation in the red spectral region) were used to
investigate the illumination conditions impact to the adaptation of regenerated plants. The white lamps
illumination intensity was 6000 lux, infrared - 3000 lux. To produce a greenhouse effect, some of the
plants were grown 7 days under infrared illumination, and then after visual checking their viability plants
were transferred to illumination with the former light. The rest of the plants were grown only under white
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light. Monitoring of the plant adaptation to open ground conditions was carried out weekly. The survival
rate was assessed according to the following parameters: plant height, leaves quantity, leaf length and
width. The experiment was carried out in three replications. In a number of works had been shown that
lighting conditions were of great importance for the adaptation of tree and shrub species [15].

Watering of the regenerants was carried out as the soil dries up. Spraying of vegetative mass was
carried out in the morning and in the evening. Depending on the survival rate of the clones, the plastic
caps were removed after 7-14 days.

Results and discussion. Object sterilization. The sterilizing agents selection for introduction of the
explants under in vitro conditions is one of the most difficult steps in micropropagation. At this stage, it is
necessary to select both the concentration of sterilizing substances and the exposure time in the sterilizing
solution.

Merthiolate at the concentrations of 0.1%, 1%, 15%, 20%; Whiteness and Domestos were used as
sterilizing agents. Domestos was used in two concentrations: undiluted solution (100%) and diluted 1:2
(50%), Whiteness - only undiluted. The exposure time for all sterilizing agents was 5-15 minutes. There
was found that the explants greatest survival rate (100%) was observed under 0.1% merthiolate for 5 and
15 minutes, and 50% -100% domestos for 5 minutes. At the same time, the most well-developed shoots
were formed after explants sterilization with 0.1% merthiolate for 5 minutes. However, increasing the
merthiolate concentration up to 1% sharply reduced the number of surviving explants to 20%. An increase
in the exposure time up to 10 and 15 minutes with both 50% and 100% domestos reduced the survival rate
of explants by 80%, 20% and 86%, 40%, respectively (table 1).

Thus, the investigation of P. fomentosa sterilization showed that the most suitable sterilizing agents
for introduction of P. tomentosa into in vitro culture are 0.1% merthiolate, 50% and 100% domestos. This
study is an important stage to research the possibility of introduction into in vitro the culture and
technology development for micropropagation of P. tomentosa.

Table 1 - The explants survival rates under different sterilizing agents, concentrations and time exposure

Sterilizing agent  |Concentrat Time Total number| Number of Number of sterile Survival rates
ion, % exposition, of explants, infected regenerated explants, of explants,
min. pcs. explants, pcs. pcs. %
Merthiolate 0,1 5 60 0 60 100
10 60 10 50 83
15 60 0 60 100
1 5 60 0 12 20
10 60 0 15 25
15 60 0 0 -
15 5 60 15 0 -
10 60 5 0 -
15 60 6 0 -
20 5 60 5 0 -
10 60 6 0 -
15 60 6 0 -
Domestos 50 5 60 0 60 100
10 60 5 48 80
15 60 1 13 20
100 5 60 0 60 100
10 60 4 52 86
15 60 0 24 40
Whiteness 100 5 60 9 20 33
10 60 7 10 16
15 60 30 - -

Optimization of micropropagation conditions for P. tomentosa. Woody Plant Medium (WPM) and
Murashige Skoog (MS) were used for the explants cultivation. Seven different media with different
phytohormones combinations and concentrations were studied aiming the optimization of the hormonal
composition: benzylaminopurine (BAP), indolylbutyric acid (IBA), indoleacetic acid (IAA),
a-naphthylacetic acid (NAA), 2,4-dichlorophenoxyacetic acid (2,4-D), and gibberellic acid (GA).
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Also, in the experiment various explants isolated from mother tree were used. It was determined that
the leaves segments had a high ability to callusogenesis. The appearance of a dense green callus was noted
on all tested media variants containing phytohormones, on the 18" day of cultivation.

For inducing organogenesis, dense callus was passaged on a medium for regeneration with the
addition of 0.1 mg L™ BAP, 0.2 mg L™ NAA, and 0.1 mg L™ GA. However, the callus cultivation during
one month did not give the positive results, the callus grew without visible signs of differentiation, also
necrosis was observed.

More successful in vitro induction of morphogenesis was the using of nodal shoot segments with
axillary buds. Shoots regrowth and the additional buds’ establishment in the explants were observed after
3 weeks of cultivation on inducing medium with 0.1 mg L' BAP and 0.4 mg L™ IAA.

The axillary buds’ morphogenetic activity was researched cultivating them on WPM and MS medium
without growth regulators for 28 days. There was found that active bud growth and shoot emergence were
observed only on WPM medium. Nevertheless, growth processes of explants cultivated on MS medium
were less intense. Additionally, after 2 weeks of the cultivation on the MS medium, necrotic processes
were noted in the buds’ lower part, while after 2-3 months of the cultivation on the MS medium mass
death of explants was detected. Only isolated buds formed 1-2 cm long shoots, which soon turned yellow
and necrotic (figure 1). The obtained shoots were separated from the primary maternal explant and
independently cultivated again on a freshly prepared medium during 4 passages.

The data shows that within the P. tomentosa introduction into in vitro culture, due to the mineral
composition, WPM medium is a most optimal and promotes the direct plant regeneration, thus, WPM is
the most favorable for microclonal reproduction.

Subsequently, shoot development took place in the newly formed buds (within 2-4 weeks). After
4 weeks of cultivation, the grown shoots were separated from the main explant. Among the shoots, there
were selected by the most complete species traits (green leaves, high growth) those ones which reached
1.5-2.5 cm in height and had a well-developed leaf blade.

It is important to point out that there was observed a formation of a powerful root system of
P. tomentosa under in vitro conditions. Already on the 3™ day of cultivation, there was seen the formation
0f 0.5-0.6 cm long roots. During the following four weeks, the length of the roots reached about 3 cm.

Furthermore, to get high-quality healthy planting material, the shoots were divided into single-node
segments and subcultured on a fresh WPM medium without growth regulators for 10-15 days for root
formation.

Regeneration of Paulownia tomentosa microshoots in culture
in vitro
90
80
70
60
50
40
30
20 15

8
10 - 1 ga 0 0

Infected Necrose Number of Survival rate
regenerated %

80

I =~
o

64

Number of shoots pcs.

u WPM MS

Figure 1 - Influence of the nutrient media composition
on the P. tomentosa microshoots regeneration in in vitro culture
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Adaptation of P. tomentosa microclones to open ground conditions. A majority of P. tomentosa
microplants grown under LF40-4 lamps with a predominance of radiation in the red part of the spectrum
developed better (figure 2). Resulting from the observation of the growth dynamics of regenerated plants
in open ground, plants grown first 7 days under infrared illumination easily adapted to non-sterile
conditions and better acclimatized. It was confirmed by more intensive growth.

In addition, infrared light had a positive effect on the growth of the P. tomentosa aboveground
biomass. Whereas, the quantity of formed leaves was slightly lower under the white light, leaves greatly
varied in length and width (figure 3). The leaves length and width of plants grown under infrared light
were on average twice larger (4.3 cm and 4.9 cm, respectively) (table 2).

The root length measuring after 4 weeks of P. tomentosa cultivation in open ground conditions
demonstrated the root length increasing by 4 times. The root length before planting in open ground ranged
between 3.5 cm and 3.8 cm, while after 4 weeks — between 12.5 cm and 12.8 cm.

a) b)

Figure 2 - Influence of light conditions on the P. fomentosa microclones growth
in open ground conditions during 4 weeks
a) Infrared light; b) White light

7
6 I 58
5,6
g 5
Q
%4
2
23
5
) 3 T
1 =
0 - w T
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Duration of cultivation in the open ground conditions
——— white light
infrared light

Figure 3 - Growth dynamic of P. tomentosa grown under different light conditions
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Therefore, the P. tomentosa microclones adaptation to open ground conditions showed a high
coefficient of plant survival. The number of surviving plants under white light was no more than 50%, and
under infrared light - 92%.

Table 2 - Influence of illumination on the growth of P. fomentosa aboveground biomass in ex situ conditions

Planting time Leaves quantity, pcs Leaf length, cm Leaf width, cm
White light Infrared light White light Infrared light White light Infrared light
1 month 5,1+14 6,5+1,3 2,1+1,1 43+1,3 2,5+ 1,0 49+1,3
2 month 50+2,2 62+1,5 35+1,5 50+ 1,6 3,1+1,5 49+1,6

Accordingly, the conducted studies allowed us to create a protocol for P. fomerntosa micropropagation
(figure 4). Using the protocol, we can get 66 healthy, viable P. tomentosa microclones within a month
(from 1 shoot — approximately 11-15 pcs). These microclones are adapted to the open ground conditions
and can be used, for instance, in various landscaping programs.

Sterilization Introduction and
« 1. 50% domestos reproduction in culture Ex situ adaptation Adapted adult plants
« 2. 0.1% merthiolate mn vitro (-about 6 month)

« for 5-10 min.

Figure 4 - Protocol for P. tomentosa micropropagation

Conclusion. Throughout the study, the features of P. tomentosa microclonal reproduction and the
most optimal conditions for its introduction and reproduction in in vitro culture were established. Thus,
the most effective sterilizing agents for disinfection are 50% of domestos and 0.1% of merthiolate. Also,
the P. tomentosa explants showed a high regenerative capacity in a hormone-free WPM medium. When
acclimatizing P. tomentosa microclones to open ground conditions, the use of infrared light to stimulate
the formation of the plants aboveground biomass and the root system is highly recommended. The
survival rate of microclones under infrared light was 92%.

P. A. Typranosa'?, 2. JI. [ikanraanna™,
. A. lllazenosa’, A. U. Kansiruna', I, K. Kamunbi6aesa'”’

YK ampl reHeTHKA KaHE [UTOOTHS MHCTUTYTHI, AJIMaThI Kanacel, Kazaxcran
2 On-Dapabu aTEIHIAFH Ka3aK WITTHIK YHUBEPCUTETI, AJIMaThI Kanacel, Kasakcran

IN VITRO JAKBUIBIH EHI'I3Y ) KOHE PAULOWNIA TOMENTOSA ©CIMJAII'THIH
MHUKPOKJIOHAJIJIbI KOBEIOIHIH 3EPTTEY EPEKIIEJIKTEPI

AnHotanus. Paulownia sp - OHiK XOHE Te3 O©CETIH KOIDKBUIIABIK ©CIMIIKTED, OJlap dJIeMICTi Ke3 KeJITeH aFalll
eciMIikTepiHe KaparaHia Te3 ecemi. OcbIiFaH OailyIaHBICTBI ANIEMHIH KemnTereH enaepinne Paulownia sp GuosHepre-
TUKana, xkwuha3 eHJipiciHAe, JaHMMAPTHIK KeTaIJaHIbIPyla JKOHE JlaCTaHFaH TOIBIPAKTHI (PUTOpEMenuanusiay
TEXHOJIOTUSICBIH/IA IHMKI3AT PETiHAe KOJIIAHBLIA/IbL.

Kymbic Paulownia tomentosa-Hbl in Vitro AaKbULIAPbIHA SHTI3Y JKaFjalllapblH OHTAWIAHIBIPYFa, AJFAIIKbI
SKCIUTAHTTAPABIH MOP(OTCHETHKANBIK OEJICEHIUIITIHE dcep €TeTiH (aKTOpIapAbl 3epTTeyTe JKOHE MUKPOKIOHAAp-
IBIH AIIBIK JKep JKaraaiinapbiHa Oedlimaernyine apHanras. Paulownia tomentosa —HbI SKCTPAKOPIIOPAIIbIbI JaKbUIBIHA
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EHTi3y MeH, KeOeHTyHiH OHTainbl marmainapel OenrimeHni. CTepuimzanus YIIH €H THIMII 3apapchi3IaHabIp-
FeimTap 5-10 MUHYTTBIK dKcrozunmsiceinga 50% nomectoc xone 0,1% mepTtronar Gosbin TadbuIABL. JKyprizinren
3epTTeyNepaiH HOTHKECIHAEC KBICKa Mep3iMe cay, camaibl OTHIPFBI3y MAaTepHalbIH allyFa MYMKIHIIK OepeTiH
Paulownia tomentosa-HbIH MUKPOKJIOHAJIABI KOOCIOIHE apHaIIFaH 3epTXaHAJIBIK epeKeriep jKacaabl.

Kasakcran ymriH, aram JaKpUITAPBIHBIH OCHI TYPIH 3€pPTTEy ©3€KTi, KaHA JKOHE MEPCHEKTHBTI OarbIT OOIBIIT
TabbUTaTBl. MUKPOKIOHAIBIB K60SI0 TEXHOIOTHUSACHH KOJAAaHy HerisiHne, Paulownia tomentosa ecipyHiH OHOTEX-
HOJIOTHSUIBIK, TOCUIIEPiH a3ipaey, 6i31iH Pecrny0nrkana eHrisy npoLeciH xenenaere.

Tyiiin ce3nep: Paulownia tomentosa, 3apapchi3laHIIbIpy, MUKPOKIIOHAIIB/IBI KOO0, KOPEKTI 0pTa, KIOHIap, eX
situ OeitiMmeny, HHPPAKBI3bLT KAPHIK.

P. A. TypranoBa 123 1. Il;plca}lra.mmal’2 R
9. A. l.l.la)leHOBal, A. U. Kal‘[BITl/IHal, I'. K. Kammbi6aeBa'”

1I/IHCTHTyT o0111el reHeTHKH M IuTonoruu, Anmarsl, Kazaxcran
Ka3axCKuil HAMOHATBHBIN yHHBepcuTeT uM. anb-Dapadu, Anmarsl, Kazaxcran

OCOBEHHOCTHU BBEJEHUSA B KYJBTYPY IN VITRO
1 MUKPOKJIOHAJIBHOT' O PASMHOKEHUS PAULOWNIA TOMENTOSA

AnHoTtanusi. TexHOJIOTHS MHKPOKJIOHAJIBHOTO Pa3MHOMKEHUS! PAaCTEHHH aKTHBHO pa3BHBAETCS B HACTOsIIEE
BpeMs M HAXOAUT IIUPOKOE KOMMEPUECKOE IIPUMEHEHHUE JUIS MTOJyYEeHHs KaueCTBEHHOTO MOCaI0YHOT0 MaTepHraia u
YCKOPEHHOTO DPa3MHOXEHUsI LIEHHBIX BHJOB M COPTOB JIPEBECHBIX pacTeHui. Paulownia sp — MHOTroJeTHHE
BBICOKOPOCTIBIE W OBICTPOPACTYIIHE PACTEHHS, TEMIBI POCTa KOTOPBIX ONEPEKAIOT BCE CYIIECTBYIOIIHME B MHpPE
JIpeBEeCHBIE KYJIBTYphl. B CBA3W C 3THM BO MHOTHX CTpaHax mupax Paulownia sp WCTONB3yeTcsl KaK CBHIPhE B
OmosHepreTHKe, MEOSIEHONW MPOMBINUICHHOCTH, B JIAHAIMA(QTHOM O3€JICHEHHH M TEXHOJOTHAX (UTOpEeMeIHaIlui
3arpsI3HEHHBIX 1TOYB. BBICOKHIT CITPOC Ha TIOCAI0YHBIA MaTeprajl Ha BHYTPEHHEM U MEXIYHApOIHOM PHIHKAaX BBI3BAJ
HEO0OXOIMMOCTh pa3paboTku AS((GHEKTHBHBIX TMPOTOKOIOB MHUKPOPA3MHOXKEHHS HJIsi OBICTPOTO W MacCOBOTO
pacnpoctpanenus Paulownia sp.

Pabora nocesiiieHa onTUMU3AIMY YCIIOBUI BBEJCHUS B KYIbTYPY in vitro Paulownia tomentosa, uccie10BaHUIO
(baKTOpOB, BIIUAIOIIUX Ha MOp(i)OFeHeTI/I'-IeCKyIO AKTUBHOCTb TICPBUYHBIX OKCIUIAHTOB, H3Y4YCHHUIO yCJ'lOBI/lﬁ
azafnTalii MUKPOKJIIOHOB K YCJIIOBHSAM OTKPBITOI'O TIpPYHTA. VYcranosinensl HanOoJjiee ONTHMAaIbHBIE ycioBus
BBEJICHUS U Pa3MHOXXEHHS B KYJIbTYpe in vitro paHHoro Bupa. s crepwimsanmu HaubOonee 3(QeKTUBHBIMU
crepuiu3yommMu areHtamu siBisitoress 50% pomectoc u 0,1% meptuonsat B skcnosuiuu 5-10 munyt. s
BBE/ICHUS B KYJIbBTYpY in vitro Paulownia tomentosa Hanboyiee ONTUMAIBHON 110 MHHEPAILHOMY COCTaBY SIBJISIETCS
cpema WPM, koTopast ciocoOCTBYeT IpsIMOH pereHepanuu pacteHuii. Hanbounpimas yactora pereHepanuy OTMeueHa
IpU KyJIbTHBUPOBAHMH B KAadeCTBE OHKCIUIAHTOB Y3JIOBBIX CETMEHTOB Io0Oera ¢ Ma3yIIHBIMH [OYKaMH Ha
OesropmonanpHOil cpene WPM. [lnsg amantanmu MHUKPOKIOHOB Paulownia tomentosa K YCIOBUSM OTKPBITOTO
TpyHTa PEKOMEHAYETCS HCIIOJIb30BaTh MH(PAKPACHBIH CBET, KOTOPBIH CTUMYIHPYeT (HOpMHUpOBaHHE HAI3EMHOMN
9acTH, KOPHEBOM CHCTEMBI PACTEHWH M BBICOKYIO BBDKHBAEMOCTh MHKPOKIOHOB (o 92%). B pesymnbrarte
MIPOBEJCHHBIX MCCIIEA0BaHUIT pa3paboTaH 1abopaTOpHbI perjaMeHT MUKPOKJIOHAJIBHOTO pa3MHOXeHus: Paulownia
tomentosa, KOTOPBII TO3BOJISIET 32 KOPOTKMH CPOK MOJydYaTh OOJBIIOE KOJIUYECTBO 310POBOr0, Ka4eCTBEHHOTO
MOCaZ0YHOT0 MaTepuaa.

Jns  Kazaxcrana wusydyeHHe MJaHHOTO BHJAA JIPEBECHBIX KYJIBTYp SBISETCS aKTyaJlbHbIM, HOBBIM U
MepCIIEKTUBHEIM HalpaBiieHreM. Pa3paboTka OHMOTEXHOJOIMYECKHX II0AXOA0B Uil pa3MHOXeHus Paulownia
tomentosa Ha OCHOBE WCIIOJb30BaHMS TEXHOJOIMH MMKPOKJIOHAJIBHOTO pPa3MHOXKEHHS OyaeT crocoOCTBOBATh
YCKOPEHHIO TIpoIiecca HHTPOAYKIIUH MTABIOBHUY B Haleil PecyOnuke.

KuaroueBsle cioBa: Paulownia tomentosa, CTepWIM3alNs, MUKPOKIOHAIBFHOE Pa3sMHOKEHHUE, MHTATEIbHAS
cpena, KJIIOHBI, alalTalus eX situ, MHppaKpacHBIi CBET.
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