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Development of effective technology of rare and endangered plant species mass reproduction in vitro
is one of the urgent nowadays tasks. Diantus hypanicus Andrz. of the Caryophyllaceae Juss. family
belongs to this group of plants. It is an endemic, narrow-localized species listed in the Red Book of
Ukraine, the European Red List and the Annex to the Berne Convention. Prospects for the conservation
of this species are associated with the study of its viability and require the development of effective repro-
duction methods.

Aim. The purpose of the experiment was to determine the effect of different growth regulators con-
centrations on the D. hypanicus explants regenerative capacity during in vitro propagation.

Methods. For the experiment the seed were used collected from plants of natural habitats and sown on
a hormone-free nutrient medium according to the recipe of Murashige and Skoog. For 12—-15 days,
4-6 cm long seedlings were obtained which were transferred to nutrient media modified with the content
of growth-regulating substances: BAP 0.5-2.0 mg/1, IBA 0.01 mg/l and TAA 0.1 mg/1.

Results. Initiation of adventitious buds with subsequent shoot formation was observed for
12-16 days. Each variant plants differed in number, growth activity and intensity, morphometric param-
eters. After 35—40 days from the explant introduction, conglomerates with well-developed leafy shoots
were formed. It was found that, when modifying nutrient media with growth regulators BAP, IBA, TAA
of different concentrations, D. hypanicus explants were actively undergoing regeneration processes of
different intensity.

Conclusions. It was proved that high ability to regenerate was the characteristic of explants cultured
on a nutrient medium modified by the addition of BAP — 0.5 mg/l and IAA — 0.1 mg/1, where, on aver-
age, 18 = 0.24 shoots of 2.42 = 0.17 cm long were formed with a net reproduction of 19.06 = 0.14. Shoots
with 8.0—5.0 pairs of leaves that reached 3.5—6.0 cm were selected and transferred to nutrient media for
rooting. Less developed shoots were planted on nutrient media for further reproduction. The next stage
of the study is aimed at modifying nutrient media to achieve explants rhizogenesis and obtain a large
number of plants necessary for the preservation of this endemic narrow-localized species in culture with
subsequent repatriation to natural places of growth.

Key words: caryophyllaceae; protection; conservation; in vitro culture; growth regulators; morpho-
genesis; net reproduction.

Among the environmental measures related
to the protection and conservation of rare and
endangered plant species, special attention
is paid to their introduction with subsequent
reintroduction into natural habitats,
which allows to harmoniously combine the
conservation of plant diversity in situ and
ex situ. Creating collections of these species in
scientific and botanical institutions makes it
possible to have a source for botanical, genetic,
environmental and other experimental studies,

as well as significantly expand the assortment
of useful plants, in particular decorative [1].
One of the urgent tasks in the field of
biodiversity conservation is the protection
of rare and endangered species of the family
Caryophyllaceae Juss. Plants in need of
protection and conservation include the
endemic, narrow-localized species Dianthus
hypanicus Andrz. listed in the Red Book of
Ukraine, the European Red List and the Annex
to the Berne Convention (Red Book of Ukraine,
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2009). The species has a world, national and
regional sozological status, is protected in the
National Nature Park “Bug Gard” and in a
number of landscape reserves of the Mykolaiv
region [2-8].

D. hypanicus is a perennial herbaceous
10-25 cm tall plant. It is propagated by seed
and vegetatively. In mature generative age,
due to the development of a large number
of shoots (sometimes up to 120 pcs) or their
intensive branching, plant forms pillow-
like turf. Flowering rosetteless shoots reach
7-30 cm long. Inflorescences-monochasia
often reduced to a single flower. Corolla color
is from pale to dark pink. The fruit is a single-
celled multi-seeded cylindrical 1.1-1.8 cm long
and 0.2—-0.3 cm in diameter capsule. Mature
black-colored seed are thyroid, finely wrinkled
on the surface. Flowering begins in June and
lasts until the end of September. It enters the
fruiting phase in August—October [9].

In terms of economic and commercial
importance, D. hypanicus belongs to the
ornamental plants, so their expansion in
botanical gardens and parks is the basis for
the popularization of this species among
the general population. Under culture,
D. hypanicus acts as a winter-hardy and
drought-resistant species that grows in
open sunny places, creating large beautiful
curtains and blooms profusely during June-—
September.

The reasons for the decrease in the number
of this species are the low competitiveness
of seedlings, the requirement for optimal
moisture supply, direct destruction or
transformation of typical natural habitats
due to hydraulic engineering, granite
mining; cattle grazing; burning of grass in
the surrounding areas, digging turf by local
residents to use D. hypanicus as an ornamental
plant [10, 11].

In recent decades, biotechnology methods,
in particular microclonal propagation based
on the totipotency of a plant cell, i.e. the
ability of a plant to vegetative regeneration
from somatic cells, have been successfully
used to solve the problem of preserving
the gene pool of rare and endangered plant
species. The use of in vitro propagation
methods allows the rapid reproduction of rare
and endangered species in botanical gardens
and arboretums [12, 13]. Therefore, the
prospects for the D. hypanicus conservation
require the development of effective
reproduction methods, in particular in the in
vitro culture.
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Materials and Methods

Experimental studies of regenerative
processes phytohormonal regulation in
D. hypanicus explants were performed in the
laboratory of microclonal plant propagation of
the Sofiyivka National Dendrological Park of
the National Academy of Sciences of Ukraine.
Seed collected from plants of natural habitats
of the National Natural Park “Bug Gard”
(Mykolaiv region, Voznesensky district,
near the village of Aktove, Mertvovod river
valley) were used for research. Sterilization
of D. hypanicus seed was performed according
to the scheme: preliminary seed washing
using “Biomoy” solution, and the main —
sterilization with 75% aqueous solution of the
commercial drug “Bilyzna” with exposures
of 1.0; 1.5 and 2.0 min. Seed germination
was performed on hormone-free agar media
according to Murashige and Skoog (MS) [14].
The highest percentage (80%) of sterile and
viable D. hypanicus explants was obtained by
treating the seed with 75% aqueous solution
of the drug “Bilyzna” with an exposure of
1 min [15].

The regenerative ability of explants
obtained from seed germination was studied
when adding exogenous phytohormones
of auxin and cytokinin groups of different
concentrations to the media: 6-benzyl-amino-
purine (BAP), B-indolyl-butyric acid (IBA),
B-indolyl-acetic acid (IAA). The reaction of
nutrient medium (pH) was 5.7. Hormone-
free nutrient medium was used as a control
(Table 1).

The net reproduction (NR) of micro shoots
was calculated by the formula: P = a/bc, where
“a” is the number of formed shoots, “b” is the
number of planted shoots; “c” is the number
of passages [16]. The study was performed
three times, in each of which there were used

Table 1. Phytohormonal composition
of modified nutrient media

Nutrient medium Growth regulators, mg/1
variant BAP | IBA | IAA
I (control) - — -
II 0.5 - -
11 0.5 0.01 -
v 0.5 - 0.1
\4 1.0 0.01 -
VI 1.0 - 0.1
VII 2.0 0.01 -
VIII 2.0 - 0.1
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by 35 explants. The average number of
regenerated shoots was calculated from the
total number of studied explants.
Preparation of nutrient media, tools
and materials, sterilization and cultivation
of plant material were performed using
the methods and recommendations of
F. L. Kalinin, R. G. Butenko, V. A. Kunah,
T. M. Cherevchenko [17-20]. Plants
cultivation took place at a temperature of 24
+ 1°C, light intensity of 3 000 lux and a 16-
hour photoperiod. In the explants cultivating
process, the morphogenesis analysis and plants
regenerative capacity were carried out visually.

Results and Discussion

One method, which is based on the ability of
isolated plant parts under favorable cultivation
conditions to restore lost organs and thus
restore whole plants, is the adventitious
buds’ direct regeneration directly by explant
tissues. It should be noted that the ability to
differentiate, morphogenesis (totipotency)
and the whole plant formation depends on its
species, genotype, specific tissue, cell type,
and so on. That is, different genotypes within
a species and different cell types of the same
plant have different ability to regenerate.

A necessary condition for explants
successful regeneration and morphogenesis
in the in vitro culture is a nutrient medium
containing a balanced composition of
micro- and macroelements, carbohydrates,
vitamins, amino acids, in particular growth
regulators. Changing the relationship between
cytokinins and auxins, which are part of
the nutrient media, is the cellular basis and
a powerful inducer of morphogenesis in
explants and contributes to its successful
passage. Cell division, differentiation and
primary programming occur within three to
five days and the direction of their further
differentiation is controlled by exogenous
inducers [21-25]. The main role is played by
cytokinins, which induce the adventitious
buds’ development de novo from explant
tissues [19]. Therefore, the shoots obtained as
aresult of D. hypanicus seed germination were
transferred to the nutrient media modified by
us. During 12-16 days in the basal part of the
explant, meristem tissues were activated with
the subsequent adventitious buds’ initiation,
which acquired a green color and increased in
size. This served as the direct morphogenesis
beginning in which additional shoots began
to grow from the formed buds, which in some
cases differed in growth activity (Fig. 1).

Fig. 1. The initial stage of D. hypanicus explant
regeneration

Depending on the growth regulators
content in the nutrient media and their
concentrations, in different variants the shoots
formation differed in number, morphometric
parameters, growth intensity and vegetative
mass increasing. During the second — third
passage (35—40 days after introduction), dense
conglomerates with well-developed shoots and
dense foliage were formed (Fig. 2).

Evaluation of regeneration efficiency
was performed during the third passage.
The morphogenic potential of the studied
genotypes’ explants depended on the
phytohormones of different concentrations
presence in the nutrient media. The most

Fig. 2. D. hypanicus regeneration on the 30" day
of cultivation in vitro
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effective data were obtained in variant IV on a
medium with a content of BAP — 0.5 mg/l and
B-IAA — 0.1 mg/1, where, on average, 18.24 =
0.11 shoots of 2.42 = 0.17 cm long were formed
with a NR of 19.06 = 0.14 (Fig. 3, Table 2).

Slightly lower morphometric values were in
variant III (BAP content of 0.5 mg/1 and IBA
content of 0.01 mg/1) and variant V with the
BAP content of 1.0 mg/l and IBA content of
0.01 mg/1, where NR was respectively 13.11 =
0.17 and 12.17 = 0.19 with the formed shoots
number of 12.33 = 0.13 and 11.16 = 0.14,
length of 2.19 = 0.08 and 1.82 = 0.09 cm. The
manifestation of determination induced by
growth regulators showed the readiness of the
D. hypanicus plant system to transition and the
regenerative meristem formation capable of
laying growing points and differentiating the
shoot rudiments.

At the 6-BAP content in the nutrient
medium of 0.5 mg/l without the content
of auxins, the NR decreased significantly

and amounted to 3.12 = 0.11. In the control
variant, without the addition of growth
regulators (var. I), weak single shoots were
formed, in which leaves yellowing, turgor
loss and growth cessation occurred within
12-15 days. With 6-BAP concentrations
increasing to 2.0 mg/l with the 0.01 mg/l
of B-IBA addition (var. VII), or 0.1 mg/l of
B-IAA (var. VIII), the regenerative capacity
of explants decreased, and morphometric
parameters were respectively: the number of
formed shoots of 4.28 + 0.09 and 3.22 = 0.18,
length of 1.91 = 0.13 and 1.87 = 0.17, and NR
was respectively 4.13 = 0.09 and 3.15 = 0.13.
The resulting shoots were sorted by size and
divided into separate groups. Shoots reaching
3.5—6.0 cm were transferred to nutrient media
for rooting. Less developed ones were planted
on nutrient media for further reproduction.
The obtained results analysis shows that
the intensity of regeneration processes by
adventitious shoots explants and the net

Table 2. D. hypanicus explants morphometric parameters depending
on growth on modified nutrient media

Growth regulators, Average figures
Variant me/1 formed shoots shoots length, Net reproduction
BAP IBA IAA number, pcs. cm
I - - - 1.12+0.09 0.81+0.14 1.14 =0.15
II 0.5 - - 3.09 =0.08 1.63+0.13 3.12+0.11
III 0.5 0.01 - 12.33+0.13 2.19 = 0.08 13.11 = 0.17
v 0.5 - 0.1 18.24 = 0.11 2,.42 = 0.17 19.06 = 0.14
\% 1.0 0.01 - 11.16 = 0.14 1.82+0.09 12.17+0.19
VI 1.0 - 0.1 7.21+0.12 1.66 =0.19 9.09 =0.12
VII 2.0 0.01 — 4.28 = 0.09 1.91+0.13 4.13 =0.09
VIII 2.0 - 0.1 3.22+0.18 1.87+0.17 3.15=0.13

Fig. 3. 35-day D. hypanicus explants regenerated from one micro shoot
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reproduction increase are caused by the action
of growth regulators different concentrations.
The manifestation of the determination
induced in this case showed the readiness of
the D. hypanicus plant system for a certain
competence, i.e. the plant cells ability to
perceive inducing factors.

After two or three passages, plant groups
with 2—-18 shoots were formed in different
study variants, which testified to the high
ability of D. hypanicus explants to regenerate.
The passage duration was 20—-28 days and
depended on the growth regulators content
and their concentrations in the nutrient media,
the explant development nature, cultivation
conditions, and the reproduction rate. From
the explants obtained in this manner, well-
developed shoots were selected that were
suitable for transfer to a nutrient medium
to achieve rhizogenesis with subsequent
adaptation to ex vitro conditions.
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PETEHEPAIIITHA 3JATHICTH
BY3BKOJIOKAJBHOI'O EHAEMIYHOI'O
BUNY Dianthus hypanicus Andrz. in vitro

JI. A. Kondap, JI. JI. {acyc, M. B. Hebukxos

HamionanbHUi 1eHAPOJIOTIiUHII TaPK
«CodiiBrka» HAH Ykpaiuu, YMaHb

E-mail: lyudmiladzhus88@gmail.com

Pospobienna epekTuBHOI TexHoJOTii Ma-
COBOT'O0 PO3MHOMKEHHS in vitro piAKicHMUX i 3HU-
KalouuX BUIIB POCJIUH € OJHUM i3 aKTyaJlbHUX
3aBlaHb chorofeHHA. [0 1iei rpynu pocauH Ha-
aexutb Diantus hypanicus Andrz. 3 poguHU
Caryophyllaceae Juss. — eHmeMiuHUHi, By3BKO-
JOKAJbHUNA BUJI, 3aHeCeHUH 0 UepBOHOI KHUTHU
Yipainu, €BporelichbKOT0 YepPBOHOTO CIIMCKY Ta
o Honatrky Bepucbkoi KouBeHIrii. IlepcriekTrBu
30eperKeHHs I[LOT0 BUAY HOB’sI3aHi 3 BUBUEHHAM
MOr0 KUTTE3AATHOCTI Ta TOTPEOYIOTH PO3POOIIEH-
HA e()eKTUBHUX METOJiB POBMHOKEHHS.

Mema eKCIIepUMEHTY — BU3HAUYUTU Tif0 Pis-
HUX KOHIIEHTPAIIill peryjaAaTopiB pocTy Ha pere-
HepamiiiHy 3gaTHicTh ekcnIauTiB D. Aypanicus 3a
PO3MHOKEHHH in vitro.

Memodu. Hociim:KyBaau pereHepaiiiiny
3JaTHicTh exkcmiaHTiB D. hypanicus, KyJIbTUBO-
BaHUX in vitro. [Insa mpoBefeHHA e€KCIIePUMEH-
Ty BUKOPUCTOBYBaJIU HACiHHA, 3i0paHe 3 POCJIUH
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PETEHEPAITUOHHASA CIIOCOBHOCTD
Y3KOJOKAJBHOTO OHIEMHUYECKOI'O
BUIA Dianthus hypanicus Andrz. in vitro

JI. A. Koadap, J1. JI. Jxucyc, M. B. HebvbLk08

HamnmnonanbHBIN JeHAPOJOTNUYECKUN IIaPK
«CodueBka» HAH Ykpauusl, YMaHb

E-mail: lyudmiladzhus88@gmail.com

Paspaborka s(p(peKTUBHON TEeXHOJIOTUH Mac-
COBOT'O PAa3MHOMKEHUHA in Vitro pefKUX 1 UCUYe3ar0-
IIIUX BUOB PACTEHUI ABJISIETCS CETONHSA OTHOMN 13
aKTyaJbHBIX 3afadu. K aToi#l rpymnmne pacTeHuii oT-
Hocutcsa Bun Diantus. hypanicus Andrz. cemeiicTBa
Caryophyllaceae Juss. — sHEeMUYECKUH, Y3KO-
JOKaJIbHBIA BUJ, 3aHEeCeHHbIN B KpacHyio KHUry
VYKpauHbl, €BpONEefiCKUI KPACHBIN CIHNCOK U B
IIpuno:xkenue BepHcKol KoHBeHInu. IlepcnexkTn-
BBI COXPaHEHUs JaHHOTO BUA CBABAHEI C U3YUEHU-
eM ero »KU3HEeCIIOCOOHOCTH U TPeOYIoT paspaboTKu
5 (PeKTUBHBIX METOL0B PA3MHOKEHU .

Ifenw. 1lenpio BKCIIEPUMEHTA ABJISAETCA OIIPe-
IeJeHNe NefCTBUSA PasHBIX KOHIIEHTPAIIUUA pery-
JIATOPOB POCTa Ha pereHepaInoHHY0 CIIOCOOHOCTh
9KCIJIaHTOB D. hypanicus npu pa3sMHOMKEHUNU
in vitro.

Memodvt. UccnenoBanm pereHepanuoOHHYIO
CIIOCOOHOCTH 9K CIIaHTOB D. hypanicus, KyJIbTUBU-
pyeMbIX in vitro. Ilyia mpoBegeHUs d9KCIIEpUMEHTa
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IPUPOSHUX MicCIe3pOCTaHb, AKe BUCiBaJIu Ha
6e3ropMOHAJbHE KUBUJIBbHE CePeIOBUIIE 34 IPO-
nucom Mypacire—Ckyra. Buopomos:x 12—15 mi6
OJlep:KyBaJI IPOPOCTKH 3aBAOBXKKU 4—6 cM, AKi
TepPEeHOCUJIN Ha JKUBUJIbHI cepeloBuUIIa, MOTUMiKO-
BaHi BMiCTOM PEUOBMH, II[0 PETYIIOIOTE picT: BAII
0,5-2,0 mr/a, IMK 0,01 mr/x tra IOK 0,1 mr/a1.

Pesyavmamu. Ilporarom 12—-16 xi6 cmocre-
piranu iminmiroBamHSA agBeHTHUBHUX OPYHBOK 3
nomajasinuM (POPMYBaHHAM IaroHis. Pocawmuu
KOJKHOTO 3 BapiaHTiB BiApisHAIMCS KiJbKicTIO,
aKTUBHICTIO Ta iHTEHCUBHICTIO pOCTy, Mopdome-
TPUUYHUMU NOKasdHuKamu. Yepes 35—40 xib Bifg
yBeIeHHs 3 OTHOTO eKCIJIaHTa (DOPMYBaJIUCA KOH-
TJI0MepaTH 3 1o0pe PO3BUHEHUMU O0JIMCTBIEHUMU
maroHaMu. 3’sICOBaHO, IO 3a MOAU(MIKyBAHHS MKU-
BUJBHUX cepemoBUI peryaaTopamu pocty BAII,
IMK, IOK pisHMX KOHIIEHTpAIlili Y eKCIIJIAHTiB
D. hypanicus akTUBHO Bif0yBaJaucA MPOIECHU Pe-
reHeparlii pisHoOI iHT€HCUBHOCTI.

Bucnosku. [loBeneHO, 1110 BUCOKOIO 3IaTHICTIO
o pereHepariii xapakTepusyBajauca eKCIJIaHTH,
KYJbTUBOBAHI Ha KUBUJIBHOMY CE€PEIOBHUIITi, MO-
nudikosanomy nomasamusam BAII — 0,5 mr/x ta
IOK — 0,1 mr/a, ne B cepefHbOMY GYJI0 YTBOPEHO
18+0,24 mrr. narouis 3aBroBxKu 2,42+0,17 cm 3
KoepimierrTom posmuokenua 19,06+0,14. I1aro-
HU, AKi gocaraau 3,5—6,0 cm 3 3,0—5,0 mapamu
JIUCTS, BigOupaau Ta MepeHOCUJIN Ha KUBUJIbHI
cepemoBHUINa AJs YKOpPiHeHHs. MeHIII po3BUHe-
Hi macasKyBaJu Ha KUBUJbHI cepemgoBUINA IJIs
TmoJaJbIIOT0 PO3MHOMKeHHA. HacTtynHuil eran
IOCJHiI’KeHHSI CIPSIMOBAHO Ha MOAU(DiIKyBaHHS
KUBUJBHUX CEPENOBUIIN AJIS NOCATHEHHSA eKC-
IJIAHTAMUW PU30TEHEe3y Ta OJNepPyKaHHS BeJNKOI
KiJIBKOCTI pocauH, HeOOXiZHUX IJid 30epesKeHHs
IILOTO E€HAEeMiUYHOTO BY3bKOJIOKAJbHOTO BUAY B
KYJBTYPi 3 MOAAJIBITION0 penaTpiallieo B IpupoaHi
MicIis 3pOCTaHHSA.

Knwwuosi cnosa: Caryophyllaceae; oxopoHna; 36e-
DPEeKeHHdA; KyJIbTypa in vitro; peryisaTopu POCTy;
MopdoreHnes; KoedilieHT pO3MHOMKEHHH.

HWCIIOJIb30BAJI CeMeHa, KOTOphble BhICEBAaJIM Ha
6e3ropMOHAJILHYIO MMUTATEJIbHYIO CPeay IO TPO-
nucu Mypacure—Ckyra. B Teuenue 12—-15 gHeit
HOJyYaJar IPOPOCTKU AJUHON 4—6 cM, KOTOpPBIE
ePeHOCUIN Ha MUTATEeJIbHbIE CPeIbl, MOSUMUILY-
poBaHHBIE COZePIKaHIEM PeryJIUPYIOINX POCT Be-
miectB: BAII 0,5-2,0 mr/a, IMK 0,01 mr/n u IOK
0,1 mr/a.

Pesyavmamut. B reuernne 12—-16 nueit Habiro-
Iajayu MHUNUAINIO aJBEeHTUBHBLIX IIOUEK C HaJib-
HelmuM (GpopMuUpoBaHHEeM ImoOeros. PacreHus
KaXJOTr0 M3 BAPUAHTOB OTJNYAJNCH KOJUUE-
CTBOM, aKTUBHOCTHIO 1 MHTEHCHUBHOCTBLIO POCTA,
MOpPOMETPUUECKUMHU ITOKazaTeaaMu. depes
35—40 gHell mocje BBeNeHUS U3 OSHOI'O SKCILIAH-
Ta (POPMHUPOBAINCHL KOHIJIOMEPATHI C XOPOIIO
pasBuTHIMU moberaMu. YCTaHOBJIEHO, UTO IIPU
Moau(UKAINY MUTATeIbHBIX Cpel Jo00aBIeHreM
peryaaTopos pocta BAIIL, IMK, IOK pasHbIX KOH-
ImeHTpanui y sxkcniaanToB D. hypanicus akTUBHO
TIPOUCXOAUJIN IIPOIIECChI pereHepaIny pasHoil uH-
TEHCHUBHOCTH.

Bwvi00vt. JlokasaHo, 4TO BBICOKOI CIIOCOOHO-
CTHIO K pereHepamniuu XapaKTepu30BaJIUCh 9KC-
MJIAHTHI, KYJIbTUBUPOBAHHBIE HA MUTATEJIbHON
cperne, mogupuiinpoBanHoit fobasaennemMm BATI —
0,5 mr/nu IOK — 0,1 mr/a, e B cpegHEeM U3 OfI-
HOTO dKcIIIaHTa 0bL0 mosyueno 18+0,24 moberos
nanuon 2,42+0,17 cM ¢ Koa(ppurmeHTOM PasMHO-
skerus 19,06+0,14. IToGeru, KOTOpbIe JOCTUT A
3,5—6,0 cm ¢ 3,0—5,0 mapamu JIUCTHEB, OTOUPATHN
¥ TIePEeHOCUJN HA MUTATEJbHBIE CPEeIbl A VKO-
peHeHusi. MeHee pa3BUTHIE MACCAKUPOBAIU HA
MUTATEJbHBIE CPeLbl AJIA JaJbHENIIero pasMHO-
skeuus. CleyOIUE aTall MCCJIeJOBaHUI HAIIPaB-
JIeH Ha MOAN(UKAIIUIO TUTATEILHBIX CPeJ IJIs I0-
CTUIKEHU SKCILJIAHTAMU PU30TeHe3a 1 MOy UYeHU T
OOJIBLITTOTO KOJUYECTBA PACTeHUI, HEOOXOAUMBIX
IJIA COXPaHEeHUs MaHHOTO SHAEMUYECKOT0 Y3KO-
JOKaAJbHOTO BUJAa B KYJbTYpeE C HaJbHelIneil pe-
natpuanueil B IpUpoIHbIe MECTa IPOU3PACTAHMS.

Knrwouesvie cnoea: Caryophyllaceae; oxpana;

COXpaHeHUe; KYJAbTypa in vitro; peryadaTopbl
pocta; Mmop(oreHes; Koa(hPUIINEHT PA3MHOKEHNU .
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