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ABSTRACT

Microclonal propagation of Dasiphora fmiz'mm Duham. (wild form (Df0) and culti-
vars ‘Lovely Pink’ %Dfl), Bella Bianca’ (Df2), ‘Bella Sol’ (Df3)) was investigated in
details. Microplants were cultured on hormone-free solid /2 Murashige and Skoo
medium. Well-formed plants with developed root system were established after
months of culturing, The maximum values of shoot height, number of internodes,
and root mass were observed in the Dfl microplants, with a greater number of
roots in the Df0 microplants. The use of half-strength medium for both growth
initiation and microplant propagation allows saving reagents and reducing the cost
of D. fruticosa microclonal multiplication 7 vitro. T%ﬂe use of ready-mixed soil with
ph 5.6-6.7, and cultural vessels for growth of microplants under controlled condi-
tions such as temperature, light and humidity made it possible to successfully adapt
more than 90 % of test-tube microplants to the soil conditions.

Keywords: Dasiphora fruticosa, in vitro, medicinal plant, micropropagation, cultivar, cul-
tivation, adaptation to soil

PE3IOME

TI'ajgunxasa M.B., Opaosckaa MN.FO., Hakoneunaa O.B., C.B. Hecreposa.
MuKpOKAOHAABHOE PA3MHOYKEHHE AAITYATHUKA KycrapHukoro (Dasiphora
ﬁuticosa, Rosaceae). [Toa0OpaHE! yCAOBHA AAT MUKPOKAOHAABHOTO PA3MHOKE-
HUSA AAITY9ATHUKA KyCTapHUKOBOTO (Dasiphora fruticosa (I..) Rydb.) — Aekapcrsen-
HOTO M AGKOPATHBHOTO pacrtenud. B padore ucrioansosansr D. fruticosa n3 mpn-
%OAHOfI mony st — D0 1 3 aekopatusabix copra: «Lovely Pink» — Df1, «Bella
ianca» — D2, «Bella Sol» — Df3. Tlpu BorparuBasmm MukpopacTeHnii Ha 6e3-
TOPMOHAABHON ITHTATEABHOI cpeae Mypacure u Ckyra ¢ IIOAOBUHHOW KOHIICH-
Tpanueil Makpo- M MHKPOIAECMEHTOB Yepe3 2 MECAIA OBIAM IIOAYYECHBI XOPOIIIO
cchopMIpOBAHHBIE PACTCHHA C PA3BUTONH KOPHEBOH cucTeMOM. MakcnmaAbHbIe
3HAYCHHA BBICOTBI ITOOCIOB, YNCAA MEKAOY3AHI U MACCHI KOPHCH BBIABACHBI Y
pacrernit Df1, 66AbIIIee 9HCAO KOPHEH OTMEUCHO Ha (gaCTCHI/IHX Df0. Eanapin
COCTAB IIUTATCABHOM CPEABI AASL HHHUIIHALIIN U IIPOAU(DUPAIIHH ITO3BOAACT KO-
HOMHTD PEAKTHBBI H ACAACT DOACE ACIIICBBIM MHUKPOKAOHAABHOEC Pa3MHOMKCHIIE
D. fruticosa m coproB. B koHTpOAHPYEMBIX AAOOPATOPHBIX YCAOBHAX (TEMITEPATY-
Pa 1 BA@KHOCTD BO3AYXa, OCBEIIEHHOCTD) Ooaee 90 % mpoOHPOYHBIX pacTeHMA
VCIICIITHO aAAITHPYIOTCH K YCAOBHAM ITOYBOIPYHTA B KYABTYPAABHBIX COCYAAX
obpemom 0,5 A IIpH HCITOAB3OBAHMH FOTOBOH mTouBeHHOI cvmecu (ph 5,6-06,7).

Karouessre caoBa: Dasiphora fruticosa, in vifro, AeKapCTBEHHOE PACTCHIE, MHKPOKAO-
HUPOBAHHE, COPT, KYALTUBHPOBAHIE, AAAIITALIA K IIOYBOTPYHTY

The genus Dasiphora Raf. (Pentaphylloides Duham.) from
the Rosaceae family is represented by three species in the
Russian Far East: D. fruticosa (L..) Rydb., D. mandshurica (Ma-
xim.) Juz., and D. davurica (Nestl.) Kom. (Kozhevnikov &
Probatova 2000). Dasiphora fruticosa grows in all regions
of the Russian Far East. In Primorsky region it inhabits
upper reaches of the Tayozhnaya river in Sikhote-Alin
state Nature Reserve, which is the southern point of the
species distribution in the Far East (Pimenova 2016). The
distribution of the species includes Europe, Asia, and North
America (as Pentaphylloides fruticosa in Yuzepchuk 1941, Lo-
zina-Lozinskaya & Zamyatnin 1954, Yakubov et al. 1996).

Some authors (Muldashev 2003, Horsak et al. 2015,
Miftakhova et al. 2017) charactetize D. fruticosa, as Potentilla
[fraticosa 1., is a rare relic plant of the north-east of Euro-
pean part of Russia. The species is included in Red Books
of Komi Republic (Taskaev 2009), Jewish Autonomous
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Region (Yakubov 2006), and Republic of Bashkortostan
(Muldashev & Maslova 2011) as a rare species with declining
quantity.

Dasiphora fruticosa is a deciduous shrub up to 1 m high,
with small odd-pinnate leaves, yellow flowers 1.5-3 cm
in diameter, single or in groups of 3 to 7 on shoot tips
(Fig. 1A). The blooming period takes place from June to
October, with mass flowering in August-September.

Biochemical composition and taste of the D. fruticosa is
close to that of an ordinary tea (Nikolaeva et al. 2001); the
shoot tips with flowers are collected and used as tea in Kam-
chatka and Kuril islands (Pshennikova 2002, Khramova et
al. 2003). Therefore it is called a Kuril tea. Aerial parts of
the plant are used in traditional medicine as antiviral agent
(Mironova et al. 2008, Stalnaya 2015, Evstropov et al. 2002,
Tomczyk et al. 2008, Tomczyk & Latte 2009), and in hepatitis
treatment (Nikolaeva et al. 2001). The plant possesses
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antimicrobial, immunomodulatory, and antioxidant proper-
ties (Tomcezyk et al 2008, Tomczyk & Latte 2009, Zeng et
al. 2019). D. fruticosa decoctions and infusions are used for
the treatment of gastrointestinal diseases in Tibetan, Indian,
and Mongolian medicine (Stalnaya 2015, Zeng et al. 2019).
Decoctions also normalize blood pressure, strengthen the
walls of blood vessels, prevent their rupture and, thereby,
heart attacks and strokes (Stalnaya 2015); the extract is used
in the treatment of disbiosis in infants, as a tonic and sedative,
as well as a diuretic (Khramova et al. 2003, Khramova, 2009).
Dried extract can be applied in manufacture of confectionery,
chewing gum, and others (Stalnaya 2015).

Dasiphora fruticosa is a melliferous and pergans plant. Ma-
ture plants inhibit soil erosion (Korzun & Vavilova 2015).
Kuril tea is an ornamental shrub and, therefore, is used in
decoration of alpine hills, rocky gardens, hedges in city
parks (Fig. 1A).

Studies on vegetative propagation of the Kuril tea were
conducted previously, including propagation for industrial
production (Korzun & Vavilova 2015, Urusov & Lobanova
2018). Some species of Rosaceae family such as Pozentilla alba
and intergeneric hybrids (Fragaria vesca X Potentilla fruticosa,
Fragaria X Potentilla palustris) were propagated microclonally
in vitro (Silva & Jones 1996, Sutan et al. 2010, Tikhomirova
et al. 2016 et etc.). Meanwhile, microclonal propagation
method for valuable specimens of uterine plants offers
great opportunities for mass plant propagation, due to a
high breeding rate (up to 10°~10° specimens pet year from
1 plant), possibility of all year round cultivation, little space
for sterile microplant cultivation, elimination of plants from
viruses, and long-term storage of microplants in tubes at
low temperatures, allowing to establish a bank of genotypes
of valuable species and forms (Kataeva & Butenko 1983).

The purpose of the study was the introduction into
culture 2 vitro and propagation of valuable medicinal and
ornamental plant D. fruticosa and its cultivars. It was ne-
cessary to find out the conditions for successful growth and
adaptation of the obtained plantlets to a soil. The study was
of scientific interest and high practical value, as it repre-
sented the first stage of the shrubby Kuril tea plantations
establishment in Primorsky Region. In prospect, the obtai-
ned plants could be used as a source of biologically active
metabolites in pharmaceutics.

MATERIAL AND METHODS

The work on micropropagation of D. fruticosa plants
in vitro was performed in 2015-2018 (Vladivostok). The
plant sample of D. fruticosa (Df0) was found in collection
in the Botanical Garden-Institute FEB RAS, Vladivostok.
Samples of cultivars ‘Lovely Pink’ (Df1), ‘Bella Bianca’
(Df2), ‘Bella Sol’ (Df3) were provided from the private
collection (Ussutiysk).

The shoot cuttings of 0.5 to 1.0 cm long with 1-2 ac-
cessory buds were used as explants. Shoot cuttings were ste-
rilized according to a standard method (Kataeva & Butenko
1983), using 0.1 % commercial Diocide solution for
2—4 min, and placed upright in 15-mm diameter test tubes
on a half-strength MS medium (Murasige and Scoog) with
half-concentration of micro- and macroelements. The me-

dium was autoclaved for 20 minutes at 0.8 atmospheres. The
tubes with explants were further placed under luminescent
light (4000 lux) at 24°C, 60-70 % relative humidity, and
16h/8h photoperiod.

Plantlets were cut, and shoot samples with one leaf
were transplanted to fresh nutrient medium after 2 months.
The main qualitative and quantitative characteristics of
plant development during propagation iz vitro are shoot
length and number of internodes, and micropropagation
coefficient. Characteristics of root system are important for
transplanting to the ground. Morphometric parameters (are
shoot length, number and length of roots) were measured
weekly. We determined micropropagation coefficient as the
mean number of microcuttings obtained from one regene-
rant plant for 1 passage (Shumikhin 2005).

We used plastic cultural containers with 0.5 1 volume,
and soil mixture containing nitrogen (0.2 %), phosphate
(0.1 %), potassium (0.1 %), water (no more than 60 %),
with pH 5.6-6.7. The soil mixture was manufactured by
ECO-AGTI Company (Korolev, Russia). We cultivated
plants transmitted to soil in controlled conditions of
growth chamber, described above. The data were processed
using Microsoft Office Excel and STATISTICA version
13.3. The table show the arithmetic mean value of growth
parameters with standard error (n = 30).

RESULTS AND DISCUSSION

Explant sterilization. We used 0.1 % commercial Dio-
cide solution for 4 min to provide qualitative surface steri-
lization of explants. As a result, more than 90% of viable
explants (Fig. 1B) were obtained from each plant specimen,
indicating that sterilizing agent and sterilization time for the
Kuril tea were selected optimally.

Microclonal propagation. We obtained well developed
microclones after 2 months of explants cultivation (Fig, 1C)
on half-strength MS medium with half concentrations of
macro- and microelements. The explants developed into
microplants with 9-14 internodes (Table). This method al-
lowed us to obtain the necessary number of microplants
(about 1000 microplants) for a short period (4 months).
The use of the medium with half salt concentrations
allowed us to avoid the preparation of several different cul-
tural media for initiation and proliferation, and helped to
make the propagation process easier with less material and
labor spendings.

Plant development during microcloning. The mic-
roplants obtained in the experiment had different morpho-
metric characteristics (Table). DfO explants grew actively
during the third and fifth week of culturing (Fig, 2). After
two months they had the smallest stem height and number
of internodes, comparing with other experimental groups
(Table 1). During the first week of cultivation we observed
root formation in 15 % of Df0 explants. After three weeks
of growth 65 % of explants had two or more roots. At the
end of the experiment (2 month of culturing) we detected
the maximum mean root number per Df0 plant comparing
with other groups (Table 1), which probably determined
high growth rates in DfO clones during first five weeks of
growth, comparing with three other experimental groups
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Figure 1 Dasiphora fiuticosa (1..) Rydb. (Df0) 7n vivo (A) and in vitro (B). The microplant after two weeks of cultivation iz vitro (C) and plant after
adaptation to soil (D)

(Fig. 2). After five weeks, Df0-microplants ceased to grow
and performed well developed plants ready to be trans-
ferred into soil.

We registered active growth of Dfl-explants from fifth
to eighth week of culturing (Fig. 2). Twenty percent of
clones formed roots during the first week; and 60 % of
clones formed abundant root system five wecks later. At
the end of the experiment shoot length , number of inter-
nodes and root mass of the Dfl clones were the highest
comparing with other groups (Fig. 2, Table). Maximal
internodes number determined the maximal propagation
coefficient (12), meaning greater number of explants for
further micropropagation.

Active growth of Df2 explants was observed after six
weeks of cultivation (Fig. 2). Thirty-five percent of explants
formed roots two weeks after start of the experiment. We
registered roots on all microplants at the end of culturing;
root system was formed with the main root and roots of
the second and third order.

Similar to Df2 microplants, Df3 microplants displayed
active growth from sixth to eighth week of cultivation
(Fig. 2). The explants formed no roots during the first 2
weeks of growth. After three weeks of culturing, 55 % of
explants had roots. At the end of the experiment, 95 %
of microplants formed, in average, 2 roots per plant. The
root mass was the least, comparing with other groups of
microplants, because the roots were thin (Table 1). The

greatest propagation coefficient 7z vitro (12) was achieved
for Df1 cultivar (‘Lovely Pink’). The lowest coefficient, 8,
was provided for Df0 sample. The coefficient for Df2 (‘Bella
Bianca’) and Df3 (‘Bella Sol’) was equal to 11.

The data on the cultivation features of the plant species
from the Rosaceae family can be found in the literature. Thus,
Ren and colleagues (2003) reported that MS culture medium
supplemented with 2 mg/L 6-BAP (6-benzylaminoputrine)
and 0.2 mg/L. NAA (x-naphthaleneacetic acid) suited
the best for cultivation of tender stems of Potentilla glabra
G. Lodd. The rooting of the established stems was the best
on 2 MS+NAA 0.1 mg/L cultivation medium (Ren 2003).
He and colleagues (2000) studied micropropagation of
P. potaninii Th.Wolf and used hypocotyl and cotyledon ex-
plants. They achieved the highest frequency of adventitious
shoot regeneration using MS medium supplemented with
5.0 mg/L benzyladenine (BA) and 1.0 mg/L NAA). The re-
production effect of the P. fruiticosa ‘Gold Drop’ explants
was the best when the concentration of 6-BAP was
2.0 mg/L. The medium MS+2.0 mg/L. 6-BAP +0.6 mg/L
NAA +0.2 mg/L K (kinetin) was defined as the optimum
for the P. fruiticosa ‘Gold Drop’ explants proliferation. And
the optimal rooting medium for the same species was
MS+0.1 mg/L NAA + 1.0 mg/L KT (Ma et al. 2009). The
optimum concentration of phytohormones for the P. a/ba 1.
in vitro micropropagation was 1.0 pM 6-BAP + 0.5 uM IBA
(indolebutyric acid)+0.05 uM GA (gibberellic acid) (Tikho-

Table 1. Morphometric parameters of Dasiphora fruticosa microplants. DfO — Dasiphora fruticosa wild species, Df1 — D. fruticosa
cultivar ‘Lovely Pink’, Df2 — D. fruticosa cultivar ‘Bella Bianca’, Df3 — D. fruticosa cultivar ‘Bella Sol’.

Dasiphora fruticosa

P

arameters Db DIl DE D5
Plant height, mm 28.90%2.50 33.21+3.98 30.35+5.94 30.95%+3.79
Number of internodes 9.40x0.81 13.80%0.2 12.40%0.74 12.40%0.51
Number of roots 3.95+0.36 2.40%0.30 1.9440.25 2.16%0.33
Length of 1% root, mm 41.60%£3.78 63.87£3.59 56.7214.69 54.4914.45
Length of 2™ root, mm 23.76%+2.36 30.55+6.24 22.3814.60 22.92+5.76
Length of 3%root, mm 17.32+1.77 17.65+4.60 6.96+2.17 9.33+4.02
Length of 4% root, mm 11.19+2.09 6.93+3.11 2.22+2.22 2.62+1.53
Fresh weight of roots, mg 0.030.00 0.04£0.01 0.030.00 0.02£0.00
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Figure 2 Growth dynamics of Dasiphora fruticosa cultivars during
8 weeks

mirova et al. 20106). Production of P. fulgens Wall. ex Hook.
plantlets with better rate of shoot multiplication and elonga-
tion obtained on MS medium supplemented with 1 mg/L K
alone ot combined with 1 mg/L NAA (Sambyal et al. 2000).

It is interesting to note that the i vitro propagation
coefficient for P. alba (average fold multiplication) was 9.3
(Tikhomirova et al. 2016) and 11.6 for P. fulgens (Sambyal
et al. 2006). P. alba and P. fulgens are herbaceous plants. Our
study with D. fruticosa also revealed high propagation coef-
ficient for the representative of the Rosaceae family with
different growth form — a shrub. Herbaceous plants are
often characterized with a high propagation coefficient, but
for P. alba grown on a hormone-free medium it was equal to
1 (Tikhomirova et al. 2016). It is likely, that different species
of Rosaceae family have different breeding potential. In
some cases, the use of hormones was necessary to increase
the propagation coefficient. The use of hormones for
D. fruticosa was unnecessary, as it displayed high propagation
coefficient on a hormone-free medium, and the resulting
plants were not overloaded with hormones.

Planting D. fruticosa into soil. Adaptation of test tube
microplants to soil conditions is a complex process, therefore,
conditions with gradual air and substrate moisture regulation
in cultural vessels were conducted when transferring the
microplants into soil. Substrate quality is an important factor
of microplant adaptation. The use of a ready for use soil
with composition optimal for our microplants allowed us
to make the transfer into soil gentle and effective. In result,
microplant survival in the soil was more than 90 %. Plants
grew actively after the transfer, and formed shrubs up to 15
cm tall (Fig. 1D). Time period from planting the explants on
a medium to the development of plants with good fitness
was equal to 4 months. By this time, 350 plants were planted
on experimental plot on the open ground.

CONCLUSIONS

Thus, sterilization of explants with 0.1 % commercial
Diocide solution during 4 minutes allowed us to obtain
more than 90 % of sterile well-growing microplants, when
introducing the Kuril tea, D. fruticosa, into culture. The
explants started to grow actively on nutrient medium from
the third (Df1) to the sixth (Df2, Df3, Df4) weeks of cul-
turing. Despite some distinction between microplants of

different cultivars (shoot length, internodes number, root
number and fresh weight), all of them transformed into
well-developed plants with abundant root system and strong
shoots within 2 months of cultivation on hormone-free
half-strength MS medium. The unified composition of me-
dium for both growth initiation and proliferation, applied
in this work, allows decreasing material costs and reagents
consumption for microclonal propagation of D. fruticosa and
cultivars. Application of a ready-made soil mixture for plant
growing in controlled conditions (temperature, illuminance,
and air humidity) led to a successful adaptation of more
than 90 % of test tube microplants to soil conditions.

ACKNOWLEDGEMENTS

The authors are grateful to Mikhail Victorovich Mikha-
lin for provided D. fruticosa cultivars (‘Lovely Pink’, ‘Bella
Bianca’, ‘Bella Sol’) for microclonal propagation.

LITERATURE CITED

Evstropov, A.N.,L.G. Burova, O.R.Greck, L.N. Zakharova &
T.A. Volkhonskay 2002. The employment of polyphenol
complexes extracted from Penthaphylloides fruticosa (L..)
O. Scwarz for prophylactic of Coxsackie-virus infection.
Bulletin of Siberian Medicine4:27-31 (in Russian with English
summary). [Escrponios A.H., Byposa A.I', I'pex O.P.,
3axaposa A.H., Boaxonckaa T.A. 2002. Ilpumenenue
ITOAH(EHOABHOTO KOMITACKCA, 9KCTPATHPOBAHHOIO U3
IATHAUCTHUKA KyCTapHUKOBOTO (Penthaphyllvides fruticosa
(L.) O. Scwarz), aaa mpoduaaktuka Kokcaku-BupycHoM
nudexun // Broaaerens cubnpcekoit meantmaer. T. 4.
C.27-31.

He, W.T., S.W. Hou & C.Y. Wang 2006. An efficient 7 vitro
method for mass propagation of Potentilia potanii Wolf. In
Viitro Cellular & Developmental Biology — Plant 42(5):415—417.

Horsak, M., M. Chytry, P. Hajkova, M. Hajek, J. Danihelka,
V. Horsakova, N. Ermakov, D.A. German, M. Koci, P. Lus-
tyk, J.C. Nekola, Z. Preislerova & M. Valachovi¢ 2015.
European glacial relict snails and plants: environmental
context of their modern refugial occurrence in southern
Siberia. Boreas 44(4):638—657.

Kataeva, N.V. & R.G. Butenko 1983. Clonal micropropagation
of plants. Nauka, Moscow, 97 pp. (in Russian). [Karaesa
H.B., Byrenko P.I'. 1983. KaoHaapHOE MEKpPOpa3MHOIKE-
nne pacrenuit. M.: Hayka. 97 c.].

Khramova, E.P, K.P. Koutzenogij, G.A. Kovalskaya &
O.V. Chankina 2003. Trace clements in different Penta-
phylloides fruticosa ecotypes. Journal of Trace and Micrgprobe
Techniques 21(1):133—145.

Khramova, E.P. 2009. Variability of flavonoid content of
Pentaphylloides fruticosa (1..) O. Schwarz under culture con-
ditions. In: New advances in chemistry and chemical technology
of plant materials: materials of the IV _All-Russian Conference
(N.G. Bazarnova & V.I. Markin, eds), pp. 82—84, Izda-
tel’stvo Altaiskogo Universiteta, Barnaul (in Russian).
[Xpamosa E.IT. 2009. M3MeHYIHBOCTD COACPIKAHHA
daasorounos Pentaphyllvides fruticosa (1..) O. Schwarz B
ycAOBHAX KyAbTYpEL // HOBBIE AOCTIIKCHUS B XUMUM H
XUMUYECKOH TEXHOAOTHH PACTHTEABHOIO CBIPbA: MATE-
puaasr IV Beepoccumiickoil kondepernnm / mOA PeA.
H.I'. Basaprosoit n B.1. Mapxkuna. bapnaya: sa-so
Anr. ya-ra, C. 82-84].

Korzun, B.V. & L.V. Vavilova 2015. Technology of cultiva-
tion of the silverweed shrubby (Kuril tea) Posentillal.. in the
foothill zone of the republic of Adyghea. Nowye technologii

88 Botanica Pacifica. A journal of plant science and conservation. 2020. 9(1): 85-90



3:1-9 (in Russian with English summary). [Kopsyr b.B.,
Basuaosa A.B. 2015. TexHOAOTHSA BO3ACABIBAHUA AAII-
YATKH KYCTAPHHUKOBOH (KypHAbCKOTO was) Potentilla 1. B
npearopuoil sone Pecriybauxu Aasres // Hosbie Tex-
nororun. Ne. 3. C. 1-9].

Kozhevnikov, A.E. & N.S. Probatova (eds) 2006. Flora of the
Russian Far East. Addenda and corrigenda to “Vascular plants of
the Soviet Far East” Vol. 1-8 (1985-1996). 2006. Dal’nauka,
Vladivostok, 456 pp. (in Russian). [®PAropa poccuiickoro
Aaaprero Bocroka: AOITOAHEHHA 1 M3MECHEHUS K H3AA-
Huro «CocyaucTeie pacreHus coserckoro Aaapaero Boc-
Toka» T. 1-8 (1985-1996). 2006 / moa pea. A.E. Koxes-
nukosa u H.C. TIpobarosoii. Baaansocrok: Aaabmayka.

456 cl.

Lozina-Lozinskaya, A.S. & B.N. Zamyatnin 1954. The
family Rosaceae Juss. In: Trees and shrubs of the USSR,
(8.Ya. Sokolov, ed.), pp. 256—812, Izdatel’stvo AN SSSR,
Moscow, Leningrad (in Russian). [Aosuna-AosnHckas
A.C., 3amsrama B.H. 1954. Cem. Posonsernsie — Rosa-
ceae Juss. // Aepesbs u xycrapanku CCCP. ITokpsrroce-
MerHble: CeMelicTBa TPOXOACHAPOBBIE — PO3OLBETHEIE /
110A peA. C.5. Cokonosa. M., A.: Msa-so AH CCCP. T. 3.
C. 256-812].

Ma, Y, K. Li, X. Tian & J. I.i 2009. Culture 7z vitro and rapid
propagation system with Pozentilla fruiticosa ‘Gold Drop’.
Bulletin of Botanical Research 29(5):623—627.

Miftakhova, S.A., O.V. Skrotskaya & K.S. Zainullina 2017.
Biology of the rare species of Pentaphylloides fruticosa (Ro-
saceae) in culture in the North. Izvestiya Komi Nauchnogo
Tsentra UrO RAN 2(30):30-36 (in Russian with English
summary). [Mundraxosa C.A., Ckpormxas O.B., 3aii-
nyaanna K.C. 2017. baoaorus peAkoro BuAa — KypHAb-
cxoro uad (Pentaphylloides fruticosa) — B xyavType na CeBepe
// WsBectnst Komu mayanoro nenrpa YPO PAH. Ne. 2,
it 30. C. 30-306].

Mironova, G.D.,M.I. Shigaeva, N.V. Belosludtseva, E.N. Gri-
tsenko, IK.N. Belosludtsev, E.L.. Germanova & L.D. Lu-
kyanova 2008. Effect of several flavonoid-containing
plant preparations on activity of mitochondrial ATP-
dependent potassium channel. Bulletin of Experimental Bio-
logy and Medicine 146(2):229-233.

Muldashev, A.A. 2003. Floristic records in Bashkortostan
(Russia). Bozanicheskii Zhurnal 88(1):120—129 (in Russian
with English summary). [Myaaares A.A. 2003. ®aoprc-
THYeCKue HaxOAKH B bamkoprocrane (Poccns) // Bora-
nmraecknii KypHaa. T. 88, Nel. C. 120-129].

Muldashev, A.A. & N.V. Maslova 2011. Pentaphylloides
Sfruticosa (1..) O. Schwarz. In: The Red Book of the Republic of
Bashkortostan. Plants and Fungi (B.M. Mirkin, ed.), p. 134,
MediaPrint, Ufa (in Russian). [Myaaames A.A., Macao-
Ba H.B. 2011. Kypuabcknii gait kycrapHUKOBbIA Penta-
phylloides fruticosa (L.) O. Schwarz. // Kpacuas knura Pec-
nyoankn bammkoprocran: B 2 1. T. 1: Pacrennsa u rpubor
/ moa pea. Mupkuna 5. M. Va: MeanalIpusr. C. 134].

Murashige, T. & F. Skoog 1962. A revised medium for rapid
growth and bio-assays with tobacco tissue cultures. Phy-
siologia Plantarum 15(3):473—497.

Nikolaeva, I.G., V.B. Khobrakova & M.M. At’yaeva 2001.
Medicinal plants used as Tibetan medicine. The shrubby cinguefoil
(Pentaphylloides ~ fruticosa (L) O. Schwarzg), lzdatel’stvo
BNC SO RAN, Ulan-Ude, 110 pp. (in Russian). [Hu-
konaea V.I'., Xobpakosa B.b., Apesesa M.M. 2001.
AexapcTBeHHBIE PACTEHNA THOETCKON MeAUIHHEL [TaTn-
AMCTHUK KYCTAPHUKOBBIN (KYPHABCKUN Yail KyCTAPHHIKO-
BBIH). YAau-YAo: Mza-so BHIL CO PAH. 110 c.].

Microclonal propagation of Dasiphora fruticosa

Pimenova E.A. (ed.) 2016. Plants, fungi and lichens of the Sikho-
te-Alin Reserve. Dalnauka, Vladivostok, 557 pp. (in Russi-
an). [Pacrenns, rpuber u Anmmaiiankn CuxoTs-AAMHCKO-
IO 3aIIOBEAHUKA / ITOA pea. E.A. ITamenooii. Baaan-
BocTOK: AaabHayka. 556 c.].

Pshennikova, .M. 2002. New woody plants for the south of Pri-
morsky Krai. Dal’nauka, Vladivostok, 48 pp. (in Russian).
[[Tmrerrnkosa A.M. 2002. Hossle ApeBecHble pacTeHus
AAd fora ITpumopckoro kpas. Baaansocrok: AaabHayka.
48 c.

Ren, J. 2003. In vitro propagation of Potentilla glabra. Jonrnal
of Gansu Agricnltural University (Gansu nongye daxue xuebao)
38(2):231-233.

Sambyal, M., A. Dogra, S. Koul, & A. Ahuja 2006. Rapid 7z
vitro propagation of Potentilla fulgens Wall — A himalayan
alpine herb of medicinal value. Journal of plant biochenzistry
and biotechnology 15(2):143-145.

Shumikhin S.A. 2005. The optimisation of the growing
medium for clonal propagation of Dablias X cultorun: in
vitro. Vestnik Permskogo Universiteta. Ser. Biologiya 6: 59—63
(in Russian with English summary). [[Hymmxua C.A.
2005. OnruMusamusa THTATEABHOR CPEABI IIPH MHKPO-
KAOHAABPHOM Pa3MHOKCHHH ICOPIMHBI KYABTYPHOH //
Becrrauk Ilepmckoro yumsepcnrera. Cepusa: buoaorns.
B 6. C. 59-63].

Silva, T. & J.K. Jones 1996. In vitro production and propaga-
tion of Fragaria vesca X Potentilla fruticosa hybrids. Plant cell,
tissue and organ culture 46(1):51-58.

Stal’naya, M.I. Prospects of the use of functional products
from shrubby Kuril tea. Innovatsionnaya Nanka 1-2:102—
103 (in Russian). [Craapmas M.J. 2015. Tlepcrexrnbor
HCITOAB3OBAHHA (DYHKIIMOHAABHBEIX IIPOAYKTOB H3 KYy-
PHABCKOTO was KycrapHukosoro // IunoBanmonmas
mayka. Ne 1-2. C. 102-103].

Sutan, AN., A UR.E.L. Popescu & V. Isac, 2010. In vitro
culture medium and explant type effect on callogenesis
and shoot regeneration in two genotypes of ornamental
strawberry. Romanian biotechnological letters 15(2):12—18.

Taskaev, A.L. (ed.) 2009. The Red Book of the Komi Republic
Komi Scientific Center UrO RAN, Syktyvkar, 791 pp.,
(in Russian). [Kpacuas kanra Peciybankn Komu / mmoa
pea. Tackaesa A.M. CeixreBrap: Komu HIL VpO PAH,
2009. 791 c.].

Tikhomirova, L.I., A.A. Kechaykin, A.I. Shmakov &
O.V. Aleksandrova, 2016. An effective way to carry out
mass zn vitro propagation of Potentilla alba 1.. Biological
Bulletin of Bogdan Chmelnitskiy Melitopol State Pedagogical
University 6:433—444.

Tomczyk, M. & K.P. Latté 2009. Potentilla — a review of its
phytochemical and pharmacological profile. Journal of
Ethnopharmacology 122(2):184-204.

Tomczyk, M., K. Leszczynska & P. Jakoniuk 2008. Anti-
microbial activity of Pofentilla species. Fitoterapia 79(7-8):
592-594.

Urusov, V.M. & L.I. Lobanova 2018. Trees, shrubs and lianas of
Primorsky Krai. Pacific Geographical Institute, Vladivostok,
475 pp. (in Russian). [Vpycos B.M., Aobamosa .M.
2018. Aepesbs, KycrapHHKH u AHaHbI |IprMopckoro
kpad. Baaamsocrox: TUI" ABO PAH. 475 c.].

Yakubov, V.V. 2000. Pentaphylloides fruticosa (L..) O. Schwarz.
In: Red Data Book of the Jewish Autonomons Region Rare and
Endangered Species of Plants and Mushrooms (T.A. Rubtsova,
ed.), p. 128, Arta, Novosibirsk (in Russian with English

Botanica Pacifica. A journal of plant science and conservation. 2020. 9(1): 85-90 89



Gafitskaya et al.

abstract). [fIxybos B.B. 2006. ITarmancrounnk kycrap- Yuzepchuk, S.V. 1941. Dasiphora Raf. In: Flora of the USSR
HUKOBbLI Pentaphylloides fruticosa (L.) O. Schwarz // Kpac- (V.L. Komarov, ed.), 3:68-73. Izdatel’stvo AN USSR,
Has kHura EBpefickoil aBToHOMHON obAacti. Peakne n Moscow, Leningrad (in Russian). [FOsemrayk C.B. Ky-
HAXOAAIINECA ITOA YTPO30H HCYE3HOBEHUA BHABI COCY- puabckuit wail — Dasiphora Raf // ®aopa CCCP. T. 10.
AncTBIxX pacternii / oA pea. T.A. Pybrosoit. Hosocu- M.; A.: za-8o AH CCCP, 1941. C. 68-73].
Guper: Apra. C. 128]. Zeng, Y., YX. Sun, X.H. Meng, T. Yu, H.T. Zhu & YJ.
Yakubov, V.V., V.A. Nedoluzhko, I.A. Shantser, V.N. Tikhomi- Zhang 2019. A new methylene bisflavan-3-ol from the
rov & S.D. Rumyantsev 1996. Rosaceae. In: Vascular plants branches and leaves of Pofentilla fruticosa. Natural Product
of the soviet Far East (S.S. Kharkevych, ed.), 383 pp. Nauka, Research 19:1-8.

Saint-Petersburg. (in Russian) [fxky6os B.B., Heaoayxko
B.A., Ilaumep M.A., Tuxomupos B.H., Pymsanes CA.
1996. Pososeie — Rosaceae // Cocyaucrsie pacrenms
coserckoro Aaabuero Bocroka. T. 8. CI16.: Hayka. 383 c.].

90 Botanica Pacifica. A journal of plant science and conservation. 2020. 9(1): 85-90



