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Abstract. The results of studies on the improvement of technology for producing high-
quality planting material of half-high blueberry and Arctic bramble by the method of clonal
micropropagation are presented in the current paper. Creation of forest berry plantations in peat
extraction areas allows reducing environmental damage and significantly increasing the efficiency
of the timber industry. In recent decades, there has been an increasing interest in the creation of
forest berry plantations on drained and cutover peatlands in Russia and other countries. It is
necessary to use varietal planting material for the successful cultivation of forest berry plants
on an industrial scale. Clonal micropropagation is the most effective of the vegetative methods
for obtaining planting material, which allows receiving a huge amount of healthy planting
material all year round in the conditions of a small laboratory area. Chloride-free ecosterilizer
and bleaching agent based on sodium hypochlorite “Belizna” with an exposure of 15 and 20 min
showed high efficiency in sterilization of explants of half-high blueberry and Arctic bramble. The
highest viability of explants of the studied forest berry crops was observed when sterilized with a
0.1 % mercuric chloride solution and 15 min exposure, and its sharp decrease at 20 min exposure.
At the stage of micropropagation, with an increase in the concentration of cytokinin 6-BAP from
0.5 to 1.0 mg/L on the nutrient Woody Plant Medium the number of shoots in regenerated plants
of half-high blueberry (Northcountry and Northblue cultivars) and Arctic bramble (Anna and
Sofia cultivars) increased. The effect of the concentration of IBA-derived auxin on the number
and length of roots of regenerated plants was observed at the in vitro rooting stage.
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Introduction

The negative environmental consequences of peat excavations include the
violation of the unique ecological marsh systems, the deterioration of the living
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conditions of marsh and forest flora and fauna, and the associated reduction in the
number of its populations up to complete destruction, as well as a decrease in the
reserves of ground, underground and surface waters. In addition, valuable berry and
medicinal plants growing in swamps are destroyed significantly, and the likelihood
of peat fires increases, as a result of which a huge amount of smoke and other peat
combustion products that can be transported over distances of tens and hundreds of
kilometers are released into the atmosphere.

The reclamation of cutover peatlands is one of the important issues of forestry.
Creation of plantations of forest berry plants in peat extraction areas allow to reduce
environmental damage and significantly increase the efficiency of the forest industry. In
recent decades, in Russia, as in other countries of the world, there is a growing interest
in the creation of plantations of forest berry plants on drained and cutover peatlands.
For these purposes, it is best to use berry crops that have traditionally grown in forest
biocenoses, such as blueberry, cranberry, lingonberry and Arctic bramble. This is
becoming increasingly important due to the constantly increasing anthropogenic load,
as aresult of which the resources of wild forest berry crops are steadily decreasing, their
productivity is decreasing, and their quality is deteriorating [6, 13, 19].

It is necessary to use varietal planting material for successful plantation
cultivation of forest berry plants on an industrial scale. Selection of forest berry crops
is carried out by both Russian and foreign scientists. So far, Russian varieties have
already been created and hybrid forms of forest berry plants have been selected.
These varieties and hybrid forms are promising for cultivation in southern taiga and
coniferous-deciduous forest areas of the European part of the Russian Federation.

Such forest berry crops as blueberry and Arctic bramble can be successfully
used for the recultivation of cutover peatlands. The fruits of these forest berry
plants are dietary products with high nutritional value. They contain vitamins and
biologically active substances necessary for the normal functioning of the human
body. Moreover, these plants have medicinal properties. For example, blueberry
fruits are rich in vitamin P substances that regulate the functioning of endocrine
glands, have anti-inflammatory and antitumor effects, and are effective in prevention
and treatment of atherosclerosis, hypertension, rheumatism and other diseases [1,
3,9, 17, 18, 20]. Arctic bramble fruits are used in folk medicine as an antizingotic,
antipyretic agent, as well as for kidney stone disease, gout, gastritis, colitis, anemia,
acute respiratory diseases, and bronchial asthma. Fresh leaves are used for wound
healing, and tincture of leaves is used for rheumatism [2, 4, 5, 7, 15].

Blueberry and Arctic bramble can be propagated both by seeds and by stem
and root cuttings (vegetative), as well as by using in vitro tissue cultivation. It should
be taken into account that that plants produced by seed propagation do not retain the
features of the original mother variety, therefore this method is not suitable for varietal
plants. Clonal micropropagation is the most effective of vegetative methods of obtaining
planting material. This method allows receiving in conditions of small laboratory area a
huge amount of healthy (virus-free) planting material all year round [10, 11].

Materials and methods

Our studies are devoted to improving the technology for producing high-
quality planting material of high-half blueberry and Arctic bramble using the
clonal micropropagation. The research was carried out in the Laboratory of Clonal
Micropropagation of Plants on the basis of the Central European Forest Experimental
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Station of the All-Russian Research Institute for Silviculture and Mechanization
of Forestry in 2018-2019. As research objects We used two cultivars of high-half
blueberry (Northblue and Northcountry), obtained by crossing V. corymbosum and
V. angustifolium [8, 12, 14], and two cultivars of Arctic bramble (Rubus arcticus L.,
Anna and Sofia) [16].

At the stage of introduction to in vitro culture, we studied the effect of various
sterilizers with different exposures on the viability of explants of high-half blueberry
and Arctic bramble. We used mercuric chloride (0.1 % solution), chloride-free
ecosterilizer and bleaching agent based on sodium hypochlorite “Belizna” as the
main sterilizers, with exposures of 10, 15 and 20 min. After 14 days, the viability of
explants was determined by the ratio of live explants to the total number introduced
into the culture. In each variant, 100 explants were introduced. Also we carried out a
series of experiments to study the effect of cytokinin 6-BAP at the concentrations of
0.5 and 1.0 mg/L on the biometric parameters of shoots and IBA-derived auxin at the
concentrations of 0.5 and 1.0 mg/L on in vitro rhizogenesis. Plants were cultivated on
the Woody Plant Medium (WPM) with pH in the range of 4.5—4.8. The number and
length of shoots and roots were recorded. 10-fold repeat.

Results and discussion

At the stage of in vitro culture introduction, we found that the ecosterilizer and
bleaching agent were the most effective at an exposure of 15 and 20 min, where the
explant viability was 75-91 %. The explants viability of both berry crops is quite high
(80-90 %) when treated with corrosive sublimate for 15 min, but it sharply decreased
to 25-28 % with an increase in exposure to 20 min. This is apparently due to the
phytotoxicity of mercuric chloride. The percentage of viable explants when treated
with the studied sterilizing agents (except chloride-free ecosterilizer) was very low
(20-24 %) at an exposure time of 10 min (table 1). The rest explants died from
infection.

Table 1
The explants viability of high-half blueberry and Arctic bramble
depending on sterilizing agents and exposure
Explants viability, %
Sterilization High-half blueberry Arctic bramble
time, min Mercuric | Chloride-free | Bleaching | Mercuric Chlf(r);;de- Bleaching
chloride | ecosterilizer agent chloride e agent
ecosterilizer

10 20 50 15 24 56 22

15 90 90 75 80 91 80

20 25 95 95 28 93 91

At the stage of micropropagation itself, increasing the concentration of
cytokinin 6-BAP from 0.5 to 1.0 mg/L on the WPM medium increased the number
of shoots in regenerated plants of high-half blueberry cultivars Northcountry and
Northblue and Arctic bramble cultivars Anna and Sofia. At the concentration of
6-BAP 0.5 mg/L the number of shoots of high-half blueberry and Arctic bramble was
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2.1-2.4 and 2.5-2.6 pcs, respectively. At the concentration of 1.0 mg/L it was 3.2-3.5
and 4.6-4.7 pcs, respectively. No significant differences were found in the studied
cultures depending on the variety (table 2).

Table 2
The number of shoots of high-half blueberry and Arctic bramble
depending on the cultivar and 6-BAP concentration, pcs

6-BAP concentration,

Species Cultivar mg/L LSD
0.5 1.0

Northbl 2.1 3.5 1.41
High-half blueberry orne
Northcountry 2.4 32 1.93
. Anna 2.6 4.6 0.13
Arctic bramble
Sofia 2.5 4.7 0.22

LSD,; — least significant difference at 5 % significance level.

The average shoot length of high-half blueberry cultivars Northblue and
Northcountry with an increase in cytokinin 6-BAP in the nutrient medium slightly
decreased from 3.9-4.1 cm at 0.5 mg/L to 3.0-3.3 cm at 1.0 mg/L. A similar
pattern was observed for Arctic bramble: the average length was 1.5—1.7 c¢cm at the
concentration of 6-BAP 0.5 mg/L, and 1.1-1.2 cm at 1.0 mg/L (table 3).

Table 3
The average shoot length of high-half blueberry and Arctic bramble
depending on the cultivar and 6-BAP concentration, cm
. . 6-BAP concentration, mg/L
Species Cultivar LSD;
0.5 1.0
Northblue 4.1 3.0 0.29
High-half blueb
1ER-RAT DIEDEILY Northcountry 3.9 33 0.47
Anna 1.5 1.2 0.05
Arctic brambl
Fetle Db Sofia 17 11 0.08

The total shoot length in both studied berry crops was greater at the concen-
tration of 6-BAP 1.0 mg/L and reached 10.5-10.6 cm for half-high blueberry and
5.2-5.5 cm for Arctic bramble. It was 8.6-9.4 cm and 3.9—4.2 cm, respectively, at the
concentration of 6-BAP 0.5 mg/L (fig.).

There were no significant differences in both berry crops depending on the
cultivar (table 4).

Table 4
The total shoot length of high-half blueberry and Arctic bramble
depending on the cultivar and 6-BAP concentration, cm
i . 6-BAP concentration, mg/L
Species Cultivar LSD;
0.5 1.0
Northblue 8.6 10.5 0.60
High-half blueberry
Northcountry 9.4 10.6 0.34
. Anna 39 5.5 0.19
Arctic bramble
Sofia 4.2 52 0.33
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Arctic bramble plants in vitro at the stage of

micropropagation itself with the addition of 6-BAP to

the nutrient medium in the following concentrations,
mg/L:a—1.0;b-0.5

At the in vitro rooting stage, we studied the effect of IBA-derived auxin
concentrations on the number and length of roots of regenerated plants of high-half
blueberry and Arctic bramble. The number of roots increased from 1.9-2.1 up to 3.9—
4.1 pcs for half-high blueberry with an increase in the concentration of IBA-derived
auxin in the nutrient medium from 0.5 to 1.0 mg/L, and from 3.7-3.8 to 4.5-4.6 pcs
for Arctic bramble. Significant differences in the cultivars of the studied berry crops
by the number of roots were not detected (table 5).

Table 5

The number of roots of high-half blueberry and Arctic bramble
depending on the cultivar and IBA-derived auxin concentration, pcs.

IBA-derived auxin concentration,

Species Cultivar mg/L LSD,;
0.5 1.0
. Northblue 1.9 41 0.34
High-half blueberry =g o o ntry 2.1 3.9 0.41
. Anna 3.8 45 0.69
Arctic bramble Sofia 37 46 0.51

The average root length decreased slightly with increasing concentration
of IBA-derived auxin. It was 1.5-1.6 cm at 0.5 mg/L, and 1.3 cm at 1.0 mg/L for
half-high blueberry, and 1.1-1.2 and 0.8-0.9 cm, respectively, for Arctic bramble.
There were practically no differences in the average root length of both berry crops
depending on the cultivar (table 6).

Table 6

The average root length of high-half blueberry and Arctic bramble
depending on the cultivar and IBA-derived auxin concentration, cm

IBA-derived auxin concentration,

Species Cultivar mg/L LSD,,

0.5 1.0
. Northblue 1.6 1.3 0.45
High-half blucberry =X ) untry 15 13 0.52
Anna 1.1 0.9 0.13

Arctic bramble

Sofia 1.2 0.8 0.18
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The total root length of half-high blueberry was increased from 3.0-3.1 cm to
5.1-5.3 cm with an increase in the concentration of IBA-derived auxin from 0.5 to
1.0 mg/L. It decreased from 4.2-4.4 cm to 4.1-4.2 cm for Arctic bramble. Cultivar
differences in the total root length were not significant (table 7).

Table 7
The total root length of high-half blueberry and Arctic bramble
depending on the cultivar and IBA-derived auxin concentration, cm
IBA-derived auxin
Species Cultivar concentration, mg/L LSD
0.5 1.0
Northblue 3.0 5.3 0.74
High-half blueb
IBRRAT DIEREILY ™ Northcountry 3.1 5.1 0.93
Anna 4.2 4.1 0.69
Arctic brambl
retie bramble Sofia 44 3.7 0.97

Thus, a change in the concentration of IBA-derived auxin influenced the number
of roots, the average root length and the total root length of high-half blueberry and
Arctic bramble plants.

Conclusion

The following conclusions can be drawn according to the research results.
Chloride-free ecosterilizer and bleaching agent with an exposure of 15 and 20 min
showed quite high efficiency in surface sterilization of explants of high-half blueberry
and Arctic bramble. The explants viability of the studied berry plants was high during
sterilization with a 0.1 % mercuric chloride solution and an exposure of 15 min, and
it sharply decreased with an exposure of 20 min.

An increase in the concentration of cytokinin 6-BAP from 0.5 to 1.0 mg/L on
the WPM medium contributed to an increase in the number and total length of shoots
of high-half blueberry and Arctic bramble, while the average shoot length slightly
decreased. Therefore, it’s advisable to add cytokinin 6-BAP at the concentration of
1.0 mg/L to the nutrient medium at the stage of micropropagation itself.

The number of roots of the studied berry plants increased, and its average root
length decreased slightly with an increase in the concentration of IBA-derived auxin
from 0.5 to 1.0 mg/L. The total root length of high-half blueberry increased and
decreased for Arctic bramble. Therefore, it is rational to add 1.0 mg/L of IBA-derived
auxin for half-high blueberry, and 0.5 mg/L of IBA-derived auxin for Arctic bramble
when cloning at the in vitro rooting stage.
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3Bcepoccuiickuii HayqHO-HCCIICIOBATEILCKUAN MHCTUTYT JICCOBOJCTBA M MECXAHU3AIMU JICCHOTO
X03s1HCTBa, Y. MHCcTHTYTCKAsA, /1. 15, T. [lymikuao, MockoBckast o6, Poccust, 141202

Annomayus. IlpuBeneHbl pe3yabTaThl UCCIEIOBAHNHN 110 COBEPIICHCTBOBAHUIO TEXHOJIOTHU
MTONTYYCHUST BEICOKOKAUECTBECHHOTO MTOCAI0OYHOTO MaTepHaia TOyOHKH TTOTyBBICOKOW U KHSI-
JKEHUKU apKTHMYECKOM METOIOM KIIOHAJIBHOTO MHKpOpazMHOxeHHs. Co3laHue MIIaHTaluu
JICCHBIX SITOJIHBIX PACTCHUU B pailoHaxX JOOBIYU TOpQa MO3BOJISIET CHU3UTH YyIIepO, HaHO-
CHUMBIN OKPYXAaIOMLICH cpelie, U 3HAYUTEIILHO MOBBICUTH d()(EKTUBHOCTh JICCHOU MTPOMBIIII-
neHHOCTH. B mocnennne necstuietus B Poccnn m APYrHX cTpaHax MHUpa pacTeT MHTEpeC
K CO3/JIaHHIO Ha OCYIICHHBIX U OCBOCHHBIX TOP(SIHUKAX HACAXKICHHUU JICCHBIX STOMHBIX pac-
TEHHUIA, i1 YCIICITHOTO BBIPANIMBAHUS KOTOPBIX B MIPOMBIIIICHHBIX MacIITa0ax HEOOXOIMMO
HCIIOIB30BaTh COPTOBOI MmocamouHblii Marepuai. Hanbosee addexkruBHbiil MeTon (U3 Bere-
TaTHBHBIX) €TO Pa3BEACHUS — KIOHATFHOE MUKPOpPa3MHOKEHHE, TIO3BOIISIONICE B YCIOBHUIX
HEOOJBIION JTA00PATOPHOM TUIOMIAN KPYIIIBIA TOM MOMYYaTh OTPOMHOE KOJMYECTBO 03710-
POBJICHHOTO TOCAI0YHOTO Marepuajja. DKOCTCPHUIN3aTop OCCXJIOPHBIM W OTOCIHMBAIOIICES
CPEACTBO HA OCHOBE TMITOXJIOPUTA HATpHsl «beln3Hay Mmoka3aau BBHICOKYHO 3(h(EKTHBHOCTh
TP CTEPWIIN3AINN SKCIIAHTATOB TONYOHKH TIOMYBBICOKOW M KHSDKCHUKH apKTHUECKOH C BBI-
nepxkort 15 u 20 muH. HambGornee BBICOKast KU3HECIIOCOOHOCTh AKCIUIAHTOB MCCIIEIYEMbIX
JIECHBIX ATOJIHBIX KYIbTYyp OoTMedeHa npu ctepunuzanuu 0,1 % pactBopoM XJopuia pTyTH U
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BbIZIEpXKKe 15 MuH, HU3Kast — npH Bblepxkke 20 MuH. Ha cragum coOCTBEHHO MUKPOpPa3MHO-
JKEHUsI [P TIOBBIIIEHUN KOHLIEHTpauuu utokuHuHa 6-bAIl ¢ 0,5 mo 1,0 Mr/a Ha nuTarens-
Hoii cpere WPM yBenmn4nBaiock KOJHMYECTBO MTOOETOB y PEreHepUPOBAHHBIX PACTEHHUIT TOITy-
6mku moyBbeIcokoi (copToB Northcountry u Northblue) i KHSDKCHUKH apKTHIECKOH (COPTOB
Anna u Sofia). Ha cragun yKopeHeHUsI in vitro OTMEUCHO BIMSHHE KOHICHTPAIMN ayKCHHA
VMK Ha KOMMYeCTBO U JUIMHY KOPHEH pereHepUpOBaHHbIX PACTEHUI.

s yumuposanusn: Makarov S.S., Kuznetsova [.B., Chudetsky A.l., Rodin S.A. Obtain-
ing High-Quality Planting Material of Forest Berry Plants by Clonal Micropropagation for
Restoration of Cutover Peatlands // U3B. By30B. JlecH. xxypH. 2021. Ne 2. C. 21-29. DOI:
10.37482/0536-1036-2021-2-21-29

Knrwouesvie crosa: KHSIKCHAKA apKTHUECKasi, KIOHAIBHOE MUKPOPa3MHOXKEHHUE, COPT, BBIpa-
OOoTaHHBIE TOPPSHUKH, PETYIASTOP POCTA, TOIyOMKa ITOYBBICOKAS, i1 Vitro.
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