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Introduction

The most common forest-forming gymnosperm species
in Ukraine are the following four species: common pine
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PROSPECTS FOR GENETIC RESOURCES REPRODUCTION
OF THE MAIN FOREST-FORMING GYMNOSPERM SPECIES
IN UKRAINE BY BREEDING IN VITRO

Effective breeding of the main forest-forming gymnosperm species of Ukraine (Pinus sylvestris L., La-
rix decidua Mill., Abies alba Mill. And Risea abies (L.) Karsten), which are of significant value for Fo-
restry and Landscape Architecture, is a very important task. The solution to this task may be the use of mo-
dern methods of reproduction, namely in vitro micro-cloning. Decontamination of explants was conducted
applying the following sterilizing agents in different concentrations and in different combinations: tap wa-
ter (H,O) with a detergent; Medical ethanol (C,HsOH); sodium hypochlorite (NaClO); silver nitrate (Ag-
NOs). To prevent internal infections, a 0.1% "Imaninum" antibiotic was applied. To initiate explants, the
following nutrient media were used: Murashige and Skoog (MS), Risser and White (RW) and Litvay (LM),
which were modified with phytohormones: 2,4-D; NAA; IBA and BAP. Rooting of the obtained clones
was performed on 1/2 MS and 1/2 LM media, supplemented with auxin (2,4-D; NAA IAA and the IBA).
Adaptation of clones to ex vitro conditions was exercised in the sod soil and sand (1: 1) and sod soil with
peat and sand (1: 1: 1). The following sterilization results were observed in: Pinus sylvestris L. — 98, Larix
decidua Mill. — 96 Abies alba Mill. — 98 and Risea abies (L.) Karsten — 97 % of aseptic explants. The pro-
per selection of nutrient medium resulted in high initiation of: Pinus sylvestris L. — 92, Larix decidua Mill.
— 95 Abies alba Mill. — 94 and Risea abies (L.) Karsten — 95%. The importance of the auxin and cytokinin
presence in the medium at this stage should be noted. Rhizogenesis results of the study species are as
follows: Pinus sylvestris L. — 86, Larix decidua Mill. — 91 Abies alba Mill. — 93 and Risea abies (L.)
Karsten — 89%. It is established that injection of IAA to the medium is necessary, since the number of ro-
oted clones was only increasing during all scenarios. The largest number of adapted clones was observed
on the substrate of sod soil with peat and sand, except for the plant-regenerants of Larix decidua, where the
substrate of the sod soil and sand had given a better result. Application of in vitro breeding for the study
species is very promising, since satisfactory results were obtained at all stages. A further study of cultivati-
on phase is necessary, since it will enable to determine the rate and stage of adaptation to in vivo conditi-
ons.

Keywords: forest-forming species; breeding; in vitro; explant; decontamination; initiation; rhizogene-
sis; adaptation.

a type-forming and climatic admixture which, by its pro-
ductivity, is not inferior to spruce (Golubets, Gavrusevych
& Zahaykevych, 1988); fir spruce (Picea abies (L.)
Karsten) is widely used in forest cultivation within the area

(Pinus sylvestris L.), which forms over 30 % of forests in
our country and is characterized by high frost hardiness,
drought-resistance, relative nonexactingness to soil fertility
and resistance to urban conditions (Butenko, 1964; Kohno,
et al., 2001; Lisovyj, 2016); European larch (Larix decidua
Mill.) has been the object of forest culture practice in Ukra-
ine more than 200 years, which,when introduced into artifi-
cial forest plantations, is able to more quickly generate lar-
ge timber resources and in the future can become a signifi-
cant reserve for increasing productivity of our forests
(Gavrylyuk, Guz & Lisovyj, 2013a, 2013b; Debrynyuk,
1993; Debrynyuk & Belelya, 2012; Debrynyuk, 2014;
Debrynyuk, 2010); silver fir (4bies alba Mill.) is a valuable
native species in Ukraine, which acts in the Carpathians as

of its natural distribution (Golubets, 1978; Pravdin, 1975).
There is evidence of high productivity of spruce stands
outside the ranges of spruce natural distribution, where, un-
der optimal conditions of growth, spruce is a sufficiently
fast-growing and highly productive species and is able to
accumulate significant volumes of wood for relatively short
periods of time (Debrynyuk, 1995; Pokhylchenko, 2011). It
is worth mentioning that all the above-mentioned species,
without exception, are characterized by significant genetic
polymorphism and, therefore, are promising in terms of
landscape gardening (Gavrylyuk, Guz & Lisovyj, 2013a,
2013¢c; Gozhan, Guz & Grechanyk, 2012; Kohno, et al.,
2001; Lisovyj, 2016; Lisovyj, Guz & Kanteruk, 2012;
Lisovyj, 2013; Shlapak & Nebikov, 2011).
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Taking into account the above-mentioned characteristics
of the study species, in particular, their importance for fo-
restry and landscaping in Ukraine, we can conclude that it
is relevant and necessary to improve modern methods of
production of valuable-breeding planting material that can
provide for reproduction of specific genotypes (plus trees,
ornamental varieties, etc.). A solution to the problem could
be microcloanal reproduction in vitro which has the
following advantages: high coefficient of reproduction;
plants sanitation: removal of viruses and pathogenic micro-
organisms; acceleration of selection process; propagation of
plants which hardly or do not propagate at all by other met-
hods; renovation of old species individuals, etc. (Butenko,
1986; Butenko, 1964; Butenko, 1986; Musiyenko & Panyu-
ta, 2005). Some scientists hold to the idea that micro- clo-
ning provides a possibility of accelerating the rate of peren-
nials reproduction by 3-4 times (Bugara & Bugara, 2003;
Butenko, 1986; Katayeva & Butenko, 1983).

Thus, the research object are genetic resources of the
main forest-forming gymnospermspecies of Ukraine obta-
ined by in vitro reproduction, while the subject of research
are the processes of microclonal reproduction that enable the
production of planting material of the study species.

Literature review

To the study of prospects for applying method of tissue
culture for reproduction of study species is devoted a num-
ber of works both foreign and Ukrainian scientists. In parti-
cular, V. V. Shlapak and M. V. Nebikov (2011 investigated
the peculiarities of seed propagation of common pine in vit-
ro conditions (Shlapak & Nebikov, 2011).For callusogenesis
of common pine, I. P. Filippova (2010) recommends to use
as explants germinating seedlings and mature zygotic
embryos passaged onto the medium S MS, modified by ad-
dition of 2,4-D (2 mg/l) and 6-BA (1 mg/l) (Filipova, 2010).
U. Andersone and G. Ievinsh (2002, 2008) investigated the
effects of harvesting season and cold storage of buds for
explants harvesting on their morphogenesis and pH of the
nutrient medium at microcloning of common pine (Anderso-
ne, n.d.; Andersone, 2008; Becwar, Noland & Wyckoff,
1989). V. G. Lebedev and K. A. Shestibratov (2011) develo-
ped a method for microclonal reproduction of the study spe-
cies of two-week-old germinating seedlings, which include
buds induction, multiplication, rooting and adaptation of the
obtained clones (Lebedev & Shestibratov, 2011).

For microclonal reproduction of European larch, J. Zi-
auka and S. Kuusienn (2006) used as explants small seg-
ments of young shoots with auxiliary buds taken from 40-
year-old trees. It was found that abscisic acid negatively af-
fected the organogenesis of vegetative buds. Auxins also
suppressed the growth of explants on the 25th day of obser-
vation, but on the 75th day there was again a tendency for
developing shoots. The most positive effect of cytokinins
was observed in explants cultivated in the darkness (Ziauka
& Kuusienl, 2006). V. Chalupa (2004) investigated the
influence of the explants source, parent tree age, the com-
position of the nutrient medium and phytohormones on the
breeding of European larch in conditions in vitro. The ro-
oting variability of regenerant plants varied among clones
within 47-83 % (Chalupa, 2004). A. M. Diner et al (1986)
used as explants juvenile tissue from young seedlings as
well as European larch seeds, the initiation of which was
carried out within two weeks in the BLG medium with ad-
ding cytokinin (BA). In a 16-week time of cultivation, sho-

ots were formed (more than 1 cm), some of which were ro-
oted (Diner, Strickler & Karnovsky, 1986).

K. Nawrot-Chorabik (2008) was using as explants me-
gagametophytes, zygotic embryos and fir needles to get
embryogeneous callus. The best results were obtained on
the nutrient medium SH, and the highest percentage of ste-
rilized explants was obtained using the solution of 10 %
NaOCl (Nawrot-Chorabik, 2008). As described in the work
by K. Szczygiel and J. Kowalczyk (2001), mature embryos
were cultivated in different nutrient media for the somatic
embryogenesis Abies alba Mill.,. The induction frequency
of embryos was 1.0-29.4 %. Germination of somatic
embryos was at the level of 69-79 % (Szczygiel & Ko-
walczyk, 2001). J. Krajnakova et al. (2013) studied the
influence of the parent tree, the harvesting period and the
cryoprotection of fir explants on their micropropagation
ability. Initiation frequency was observed from 1.7 to
16.6 %. The embryogenic cultures were saved for 6 years,
after that 4 of the 12 embryogenic cell lines were viable,
and embryo regeneration was observed from two lines
(Krajtbkovb, Bertolini & Gemery, 2013).

A number of works by M. M. Guz, R. M. Grechanyk
and M. Ya. Gozhan (2012-2015) are devoted to microclo-
ning of some species and cultivars of the genus Picea. The
success rate of sterilization of the study taxons was 66.7 %.
In 26.7-46.7 % of explants, there were noted an adventiti-
ous shoots formation, and rhizogenesis occurred in 46.7-
70.0 % of clones (Gozhan, 2014; Gozhan & Lisovyj, 2015;
Grechanyk, Gozhan & Guz, 2012). K. Szczygie et al.
(2007) conducted a study on somatic embryogenesis of se-
veral coniferous taxons, including fir spruce, using seeds of
different geographical origin. The best development of
embryogenic callus was observed using zygotic embryos as
explants (23-31 %) (Szczygie, Hazubska-Przyby & Bo-
jarczuk, 2007). M. R. Becwar et al. (1989) conducted a
study of three stages of regeneration of fir spruce trees
using seeds as explants. In the experiments, only 3 % of im-
mature embryos developed to the stage of cotyledons. In
general, viable plants were obtained from 29 % of somatic
embryos (Becwar, Noland & Wyckoff, 1989). L. H. Mo
and S. von Arnold (1991) obtained embryogenetic structu-
res in vitro from zygotic embryos of Picea abies, which we-
re cultivated in a nutrient medium of 9.0 mM 2.4-D and
4.4 mM BA. On average, 39 % explants formed embryonic
structures. The proliferation of these structures was noted in
10-15 % cases. It has been established that the age of the
initial explants did not affect the experimental results (Mo
& von Arnold, 1991).

Analysing literary sources, we can conclud that there is
a need to improve the methods of reproduction of study
species by microcloning, in particular, by activating the
growth of the axillary meristems, which excludes the possi-
bility of mutations and provides reproduction of clones with
a genetically identical genotype.

Material and methods

The studies on in vitro reproduction of the study species
were carried out in the laboratory of tissue culture at the Fo-
restry and Forest Selection Department of UNFU according
to generally accepted methods in biotechnology (Butenko,
1986; Butenko, 1964; Katayeva & Butenko, 1983) using
necessary special equipment.

In general, the whole micropropagation process con-
sisted of the following main stages: choosing the donor-
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plant and obtaining the explants; sterilization of initial
explants, initiation of explants growth, rhizogenesis of obta-
ined mericlones and adaptation of rooted plants. Lateral and
terminal vegetative buds were used as initial explants,
which were taken from young plants of investigated species
that were grown from seeds (5-7 years old).

All the activities were carried out in maximum sterile
conditions (Grechanyk, Guz & Oleksiychenko, 2011; Shla-
pak & Nebikov, 2011). Therefore, all the surfaces of the la-
boratory facilities and equipment were treated with a 96 %
ethanol, and before each experiment, the premises were
being sterilized for 1.5-2.0 hours using ultraviolet bacterici-
dal lamps. The instruments were disinfected by dry heating
in a drying chamber at a temperature of 160-180 °C (1.0-
1.5 hours), and before each manipulation with the explants
passage, they were treated with a 96 % ethanol and flamed.

Decontamination of the plant material was carried out
with the following sterilizing agents of different concentra-
tions and in their various combinations: water (H,O) with
detergent, medical ethyl spirit (C;HsOH), sodium hypochlo-
ride (NaClO), silver nitrate (AgNO;). To remove the used
reagents, the explants were thoroughly rinsed three times
with sterile distilled water after using them. To prevent in-
ternal infections, a 0.1 % aqueous solution of the antibiotic
"Imaninum" was used. Each initial explant was treated with
this substance directly before the passage. After sterilizati-
on, the explants were passaged into nuantrient medium
following the prescription of Murashige and Skoog (MS)
without phytohormones and monitored for 10-15 days.

For the stage of explants initiation, three basic nutrient
media were used according to the prescriptions: Murashige

and Skoog medium (MS), Risser and White medium (RW)
and Litvay medium (LM), which were modified with the
following phytohormones: 2,4-D; NAA; IBA and BA in
different combinations and concentrations (Butenko, 1964;
Lisovyj, Guz & Kanteruk, 2012; Lisovyj, 2013; Musiyenko
& Panyuta, 2005). The rooting process of the obtained clo-
nes was carried out in MS and LM media with twice redu-
ced concentration of mineral salts which were supplemen-
ted only by auxins (2,4-D, NAA, IAA and IBA) that stimu-
late root formation.

The cultivation of explants at all stages of microcloning
was carried out in a cultural room at a temperature of 20-
22 °C, at a relative humidity of 30-35 % and during a 16-
hour photoperiod (2.8-3.0 kLx).

The adaptation of regenerant plants to conditions ex viz-
ro was carried out in soddy soil with sand and peat (1:1:1)
which were sterilized at a temperature about 90 °C for
1.5 hours, with substrates preliminary treated with a 0.5 %
potassium manganese. The clones were placed into control-
led conditions with initial air humidity of 95-100 % and a
temperature of 22" °C. The adaptation was carried out
gradually over 30-35 days, reducing the air humidity by
5*! 9% and the temperature by 0.5°"! °C every 5 days.

Results and discussion.

Observations on the results of decontamination of the
initial explants were carried out within 10-15 days. After
that, they were classified into the following categories: con-
taminated (infected); necrotic (damaged by chemical
agents); aseptic (sterile) (Table 1, Figure 1).

Table 1. Results of explants decontamination of the investigated species

Wood L Received explants, %
No. . Decontamination scheme - - -
species Contaminated | Necrotic| Aseptic
. C,H;sOH (96 %; 10 sec.) + running H,O with detergent + NaClO B
I [P sylvestris (20 %; 5 min.) + CH:OH (70 %; 10 sec.) + AgNO (0,2 %; 5 min.) 2 98,0
. C,H;sOH (70 %; 10 sec.) + running H,O with detergent + NaClO B
2 | L. decidua (50 %; 5 min.) + CH:OH (70 %; 10 sec.) + AgNO (0,2 %; 10 min.) 4 96,0
3 A alba C,H;sOH (50; % 10 sec.) + running H,O with detergent + NaClO ) 5 98.0
) (10 %; 7 min.) + C,HsOH (50 %; 10 sec.) + AgNO; (0,1 %; 10 min.) ’
4 P. abics C,H;sOH (96 %; 5 sec.) + running H,O with detergent + NaClO (30 %; 7 min.) 1 5 97.0
’ + C,HsOH (70 %; 5 sec.) + AgNO5 (0,1 %; 7 min.) ’

b)|
Figure 1. Contaminated explant of European larch (a); Aceptic explant of common pine (b)

In Table 1, presented are sterilization schemes, the use
of which provided the largest number of aseptic viable
explants.

The conducted studies made it possible to conclude that
it is necessary first to treat explants (all without exception)
with ethanol.Otherwise, a significant number of contamina-

ted explants was observed, as in the case of removal
of some chemical agents from the scheme. At the same time
the application of high concentration sterilizers triggered
the appearance of necrotic vegetative material (Figure 1).

Monitoring the process of explants initiation was carried
out during a period of 45-50 days. After that, initiated were
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considered those that increased their linear size in three or
more times (Table 2, Figure 2).

Table 2. Results of explants initiation of investigated species

Wood Initiated
No . Composition of nutrient medium  |explants,
species o
| P. MS +2,4-D (0,2 mg/l) + NAA 9.0
sylvestris (0,5 mg/l) + BA (0,1 mg/1) ’
. MS +2,4-D (0,1 mg/l) + IBA
2 |L. decidua (0.3 mg/l) + BA (0.2 mg/l) 95,0
LM + NAA (0,2 mg/l) + IBA
3| A alba (0.3 mg/l) + BA (0,1 mg/l) 94,0
. LM +2,4-D (0,3 mg/l) + NAA
4 | P. abies (0.1 mg/l) + BA (0,1 mg/l) 95,0

Figure 2. Initiated explants: a) common pine; b) fir spruce

The data presented in Table 2 indicates that the correct
selection of the optimum nutrient medium is capable to pro-
vide sufficient high rates of initiation of the investigated
species, in particular: 92.2 % for common pine; European
Larch — 95.0 %j; silver fir — 94.0 %, and fir spruce — 95.0 %.
It should be noted that there is a need for auxins and cytoki-
nins to be present in the nutrient medium.

For rooting of initiated shoots, they were passaged into
1/2 MS and 1/2 LM nutrient medium, since RW medium
did not produce positive results in previous studies (Table
3, Figure 3).

Having conducted experiments on rhizogenesis of the
study gymnosperm species, it could be conclude that it is
necessary that nutrient medium should include phytohor-
mone IAA, which in all variants increased the number of

clones that formed the roots. Transferring of obtained clo-
nes into conditions ex vitro is an important step on which
the final result of microclonal reproduction depends.

Table 3. Results of explants rhizogenesis
of investigated species

No s\;)\:a(():(i)gs Composition of nutrient medium rg(’)‘tli’rllagf’lt‘;)

1 | P. sylvestris 12MS + N(Al:% ggg/ﬁng/l ) TIAA 86,0
172 MS +1AA (0,1 mg/l) + IBA

2 | Lodecidua {578 404D 03 men) +1a4| 010

(0,1 mg/l) + IAA (0,2 mg/l)

1/2 MS +2,4-D (0,5 mg/l) + [AA

3 A. alba (0,5 mg/l) 93,0
. 1/2 LM +2,4-D (0,2 mg/l) + IBA

4 P. abies (0.2 mg/l) + TAA (0,1 mg/l) 89,0

' iy
Toridh.
Tt
by = - wl
Figure 3. Rooted explants: a) European Larch; b) silver fir

The adaptation of plants-regenerants was carried out un-
der controlled conditions of the culture room. After a 35-day
time, records were kept of visually viable plants (Table 4).

Table 4. Results of adaptation of investigated clones
to ex vitro conditions
Adapted clones, %

No. trat - .
© Substra P. sylvestris L.' de A. alba|P. abies
cidua
1 | Soddy soil + sand 48,0 90,0 | 54,0 | 62,0
o |Soddysoil #sand 1 g9 o | 670 | 870 | 88,0
peat

The obtained results indicate that a greater number of
adapted clones of the study species was observed on
substrate No. 2 (soddy soil + sand + peat), with the excepti-
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on of plant-regenerants of European larch, where the first
experimental version (soddy soil + sand) was the best.

Conclusions

Analysing the results of experimental investigation gi-
ves grounds to assert the perspectiveness of using the in vit-
ro propagation method for the most widespread forest-for-
ming species in Ukraine, since the obtained results are sa-
tisfactory at all stages: decontamination — 96.0-98.0 %; ini-
tiation — 92.0-95.0 %); rhizogenesis — 86.0-93.0 % and adap-
tation to the ex vitro conditions — 87.0-90.0 % for the cor-
responding tree species.

However, in order to make a final decision on the appli-
cation of this method of vegetative propagation in the prac-
tice of forest-culture production, it is necessary to conduct
additionally an investigation on the stage of shoots multipli-
cation, which will enable to determine the reproduction co-
efficient of the source plant material for each particular spe-
cies, and the stage of adaptation of obtained clones to in-vi-
vo conditions.
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M. M. Jlicoguii, M. M. I'y3b

Hayionanenuii nicomexniunuii ynieepcumem Yxpainu, m. Jlveie, Yxpaina

INEPCIIEKTHBMU BIATBOPEHHA T’EHETUYHUX PECYPCIB I'OJIOBHUX JIICOTBIPHUX
r'OJIOHACIHHMX MOPI/I YKPATHA PO3MHOKEHHSAM IN VITRO

[IpoBexeHo oruIsix Ta aHANI3 TITEPATYPHUX JDKEPEII, sIKi CTOCYIOTHCSI PO3MHOKEHHSI TOJIOBHIX XBOMHUX JIICOTBIPHUX IOpPiJ YKpa-
{HM B YMOBAX in Vifro, Ha OCHOBI 9OTO 3p00JICHO BUCHOBOK Ta OOIPYHTOBAHO JOLLIBGHICTH IPOBEICHHS 3aIIAHOBAHUX JOCIIKCHB.
HaBeneHo KOpoTKy JiCiBHIYY XapaKTEpPHUCTUKY Ta TOCIIOAAPCHKY I[iHHICTh HaHMOMMpeHIMMX BUAIB: Pinus sylvestris L., Picea abies
(L.) Karsten., Abies alba Mill., Larix decidua Mill., sx 06'ektiB mocmimkeHb. [logano geTanpHy XapaKTepUCTHKY 3aCTOCOBAHOI METO-
JIIKH TIPOBEICHHS €KCIIEPUMEHTAIBHHUX JOCIIPKEHD 3 MiKPOKJIOHAIBHOTO PO3MHOXKEHHS JOCIIKYBAaHUX BHIIB: CIOCOON CTepHIIi3a-
1i1 71abopaTOpPHUX MPUMIIIEHb Ta HOTPiOHOrO 00JIAAHAHHS; MepelliK XIMIYHUX areHTiB WIS IPOBEACHHS CTYIIHYACTOI JIeKOHTaMiHa-
i1 eKCIUIaHTIB; CKIa] MOAU(iKOBaHNX (iTOrOPMOHAMH KUBIIBHHUX CEPEIOBUI IUIS iHImiaIii Ta yKOPIHEHHS OTPUMAHUX POCIIHH-
pereHepaHTiB B yMOBaX in Vitro; yMOBH KylIbTUBYBAHHS €KCIUIAHTIB; CX€My IIPOBEICHHS afanTallii KIOHIB 10 yMOB ex vitro. Excre-
PUMEHTAJIBHO BCTAHOBJICHO: HEOOXIAHICTH MEPIIOUeproBoro 00pobiTKy eKCIUIAHTIB €TaHOJIOM JUIS BCiX 0e3 BHHATKY IOpix Ha eTarti
JIeKOHTaMiHamii; BHECEHHS 0 CKIAIy >KUBIJIBHOTO CEpPEOBHINA SK AyKCHHIB, TaK 1 IMTOKIHIHIB Ha eTami iHimiamii; MO3UTHBHMI
BIUTUB KOHKPETHHX (hiTOrOPMOHIB Ha YKOPIHEHHS POCIHH-PETCHEPAHTIB. Y3arabHEeHO Ta IPOAHATI30BaHO OTPUMAHI Pe3yIIbTaTH.

Knrouoei cnosa: nicotBipHa IOpo/a; POZMHOXKCHHS; i1 Vitro; €KCIUIAHT; TeKOHTaMIHAIIiS; 1HIIIallis; PU30TeHE3; aanTarlis.

H. H. JIucoeswiii, H. H. I'y3b

Hayuonanvhuiii necomexnuveckuil ynusepcumem Ykpaunul, 2. JIveos, Yrpauna

INNEPCIIEKTHUBbI BOCITPOU3BOACTBA TEHETUYECKHUX PECYPCOB I'V/IABHbBIX
JIECOOBPA3YIOIIIUX T'OJIOCEMEHHBIX ITIOPO/Jl YKPAUHBI PASMHOXKEHUEM IN VITRO

[IpoBexeH 0030p ¥ aHATN3 TUTEPATYPHBIX HCTOYHUKOB, KACAIOIINXCS PA3MHOMKEHUS TJIABHBIX XBOWHBIX JIECOOOPA3YIOIIIX ITOPOJ
VYKpauHBbI B YCIOBUSIX in Vitro, HA OCHOBE 4€ro CAENaH BBIBOJ M 00OCHOBAHA II€I€CO00Pa3HOCTh MPOBEICHNUS 3aIUIaHNPOBAHHBIX HIC-
cinenoBanuii. [IpuBenena kpaTkas XapaKTepHUCTHKA U XO3SIHCTBEHHAsI ICHHOCTH CIEAYIOINX BUIOB: Pinus sylvestris L., Larix decid-
ua Mill., Abies alba Mill., Picea abies (L.) Karsten., B kauecTBe 00BEKTOB HccineoBaHuid. [lonpobHO oxapakTepnu3oBaHa MPUMEHEH-
Hasi METOAMKA TPOBEICHNUS SKCIEPUMEHTAIBHBIX HCCIEIOBAHNH 0 MUKPOKIOHAIEHOMY PAa3MHOMKECHHUIO HCCIETyeMbBIX BUIOB: CIO-
COOBI CTepHIN3AIUK Ta00PaTOPHEIX ITOMEIICHUH B HEOOXOIMMOro 000pYyIOBaHHS; CIIHCOK XMMHUYECKUX arcHTOB JUIS IPOBEICHUS
CTYIEHYaTON JeKOHTAMHHAIMH HKCIUIAHTOB; COCTaB MOAU(DHUIMPOBAHHEIX (UTOrOPMOHAMHU IHTATEIBHBIX CPEX ISl WHUIMALUHA U
YKOPEHEHUS NOJTyIeHHBIX PacTeHHH-PETEHEPAHTOB B YCIOBHSX M Vitro; yCIOBUS KyJIbTHBHPOBAHUS YKCIUIAHTOB; CXEMY IIPOBEICHHUS
aJaNTalyy KJIOHOB K YCIIOBHSM eX Vifro. DKCIIEPUMEHTAIBHO YCTaHOBJICHO: HEOOXOANMOCTh ITepBOOUEepeIHON 00pabOTKH IKCIIIaH-
TOB 3TAHOJIOM JUIS BCeX 03 MCKIIIOUEHHS TIOPOJ Ha JTare AeKOHTAMHHAINN; BHECEHHE B COCTAB IMUTATEIBHOM Cpebl KaK ayKCHHOB,
TaK ¥ MUTOKUHMHOB Ha JTale WHHUIHAINHN; TOJIOKUTEIFHOE BINSHNE KOHKPETHBIX (PUTOrOPMOHOB HAa YKOPCHEHHE pacTeHHH-pereHe-
panToB. O600IIEHB! M IPOAHATM3UPOBAHBI TIOTYICHHBIC PE3YIbTaThI.

Kniouegwie cnoea: necoobpasyromas Nopoaa; pasMHOXKECHHUE; in Vitro; SKCIUIAHT; NEKOHTAMHUHAIWS, WHUIUALWS, PU30TCHE3;
aJanTanyst.
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