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Abstract. Currently, the demand for berry products with high nutritional and medicinal value
is increasing. To preserve biodiversity and industrial propagation, it is necessary to grow
plants in vitro and create a gene bank. Kamchatka bilberry (Vaccinium praestans Lamb.) is
one of the valuable and rare forest berry plants, which requires the improvement of accelerated
propagation technologies for further cultivation. The aim of the study has been to investigate
the adaptation features of in vitro propagated V. praestans plants under ex vitro conditions and
in open ground. The objects of the study have been V. praestans plants (2 hybrid forms and
3 selected forms from natural populations) obtained by the in vifro method. Morphometric
parameters of the regenerated plants have been taken into account under ex vifro conditions
when grown on various substrates (high-moor peat; peat + river sand 3:1; peat + vermiculite
3:1; peat + perlite 3:1; peat + zeolite 3:1) treated with aqueous solutions of growth stimu-
lants (Zircon 0.5 ml/l; Epin-extra 0.5 ml/l). When adapting ex vitro, the highest survival rates
(90 %), number of shoots (3.8 pcs. on average) and number of leaves (5.1 pcs. on average) of
the V. praestans regenerated plants on the 28th day after transplantation have been revealed on
a substrate made of a mixture of peat and zeolite (3:1) when treated with Epin-extra 0.5 ml/l.
For the first time, the morphometric parameters and yield dynamics of V. praestans plants
obtained by clonal propagation have been studied in open ground conditions in the natu-
ral and climatic conditions of Moscow, the Kostroma Region and the Khabarovsk Territory.
The maximum shoot length in 2022-2023 was recorded in hybrid form 235261 (7.0-7.4 cm
on average). The highest yield of 2—5-year-old V. praestans plants in open ground conditions
has been noted in hybrid forms (362.75-383.0 g/m? on average) and has varied depending on
the growing area.

Keywords: Kamchatka bilberry, Vaccinium praestans, adaptation, ex vitro, survival rate, in-
troduction, morphometric parameters, yield
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Annomauyusa. B HacTosmee BpeMst BO3pACcTaeT CIPOC Ha ATOTHYIO MPOAYKIIHIO C BBICOKOH IH-
IIEBOM M JIEKAPCTBEHHOH 1IEHHOCTHI0. J[71s1 coxpaHeHus1 0Mopa3Hoo0pa3us U MPOMBIIIITICHHOTO
Pa3sMHOXKEHUST HEOOXOAMMO BBIPAIIMBAHUE PACTCHUH B KYJIBTYPE in Vitro W CO3/IaHIE TCHETH-
gyeckoro 0anka. Kpacuuka (Vaccinium praestans Lamb.) — 0HO U3 IEHHBIX U PEIKUX JIECHBIX
SITOJIHBIX PACTEHH, ISl €r0 JAaJbHEHIIero KyIbTHBUPOBAHHS TPEOyeTCsl COBEPIICHCTBOBAHUE
TEXHOJOTUH YCKOPEHHOTO pasMHOKeHHs. Llenp mccnenoBaHust — nM3ydeHne 0CoOEHHOCTEH
aJanTaluy MOMYYCHHBIX in Vitro pacTeHuil V. praestans B yCIOBUSAX ex Vitro U B OTKPBITOM
rpyHre. OObeKThI HCCIIeA0BaHus — pacTeHust V. praestans (2 TuOpuanbie GOpMbl U 3 0TOOPHBIE
(bOpMBI U3 IPUPOAHBIX MOMYISLMN), BEIPALLIEHHBIE METOIOM i Vitro. YuuTbhiBaiu Mophome-
TPHUYECKUE TIOKA3ATEIN PACTEHUI-PETeHEPAHTOB B YCIOBHSX €X Vifro TPH KyJIbTHBHPOBAHUN
Ha pa3IM4HbIX cyOcTparax (Topd BepxoBoro tuma; Topd + pednoii necok 3:1; Topd + Bep-
MUKYJHT 3:1; Topd + nepaur 3:1; Topd + neonur 3:1) ¢ 00pabOTKON BOAHBIME PacTBOPAMH
crumyssitopoB pocta (Lupkon 0,5 mu/n; Dnun-skerpa 0,5 mur/n). [lpu ananrauu V. praestans
ex vitro HanOonpIHe TprkuBaeMocThb (90 %), uncio moberos (B cpeaHeM 3,8 IIT.) M JTUCTHEB
(B cpenrem 5,1 mT.) Ha 28-e CyTKH MOCTE NMEPECajKy BBIABICHB Y PACTEHUI-PEreHEPaHTOB
Ha cyOcTpare n3 cMecu topda ¢ reonautom (3:1) mpu 00paboTke mpenaparoM DMHH-IKCTPa
0,5 mu/n. BriepBbie B YCIIOBHSIX OTKPBITOIO IPYHTa B MPUPOIAHO-KIMMATHYECKUX YCIOBHSX
. Mockgsl, Koctpomckoii obact 1 XabapoBCKOTO Kpasi H3y4airn MOPPOMETPHUCCKHE 10~
KazaTey ¥ TUHAMUKY YPO)KaHOCTH pacTeHUH V. praestans, MOTYyYEHHBIX METOJOM KJIOHAJb-
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HOTO pa3MHOXeHHUs. MakcumanbHas JurHa modera B 20222023 rr. oTMeueHa y THOpUIHOM
¢dopmbr 235261 (B cpennem 7,0-7,4 cm). Haubombinas yposkaifHOCTb 2—5-JICTHUX PacTCHUI
V. praestans B OTKpBITOM TpyHTe 3auKcHpoBaHa y rHOpuIHBIX (opMm (B cpenHem 362,75—
383,0 r/m?) u pa3nuyaercs B 3aBUCMMOCTH OT PaiflOHa BbIPAIIUBAHMSL.

Knioueesvie cnosa: kpacuuxa, Vaccinium praestans, agantanusi, ex vitro, IpUKUBAEMOCTb,
MUHTPOLYKIIHUS, MOP(POMETPUUECKUE MTOKA3ATEIIH, YPOXKAHHOCTD

bnazooapnocmu: PaGora BbinonHeHa npu coxeiictBun MunHoOpHayku Poccun B pamkax
CoIIallIeHHs O MPEJOCTaBICHUH I'paHTa B popme cydcuanii u3 deaepaibHOro OropKeTa Ha
OCYILECTBJIEHHE rOCYIapCTBEHHOM MOICP)KKH CO3/IaHMs U Pa3BUTHUS HAYYHOTO LIEHTPa MU-
POBOTO YPOBHS «ATPOTEXHOJIOTUU OyIyIIETO».

na yumuposanus: Sungurova N.R., Makarov S.S., Chudetsky A.l, Cheryatova Yu.S.
Adaptation Features of Kamchatka Bilberry (Vaccinium praestans Lamb.) Plants Grown in
vitro // V3B. By30B. JlecH. xypH. 2025. Ne 3. C. 121-131.
https://doi.org/10.37482/0536-1036-2025-3-121-131

Introduction

The genus Vaccinium L. (family Ericaceae) contains more than 4 thousand
species, of which the most valuable are representatives of the subfamily Vaccinioi-
dae, widespread in Europe, Southeast and Central Africa, Asia, North and Central
America. Berry crops of the Ericaceae family are among the best dietary sources of
biologically active compounds, which are of great interest to nutritionists and food
technologists [7, 9]. The main biologically active substances identified in Vaccinium
spp. include anthocyanins (cyanidin, malvidin, and delphinidin), flavonoids (querce-
tin, isoquercetin, and astragalin), phenolic acids (gallic, P-coumaric, cinnamic, sy-
ringic, ferulic and caffeic acids), and iridoids [2, 17]. Numerous scientific studies
of Vaccinium spp. fruits confirm their high content of biologically active substances
with pronounced antioxidant, antimicrobial, and anti-inflammatory properties, help-
ing in the fight against diabetes, obesity, cancer, atherosclerosis, rheumatoid arthri-
tis, neurodegenerative and cardiovascular diseases, etc. In addition, Vaccinium spp.
plants, especially those with a high content of polyphenols such as anthocyanins, are
believed to be able to inhibit and initiate apoptosis in cancer cells. Scientists have
described the inhibition of tumor growth, angiogenesis and metastasis when using
extracts of Vaccinium spp. fruits [1, 3, 8, 10, 19].

Currently, there is a growing demand throughout the world for products of
wild berry plants with high nutritional and medicinal value, including Kamchatka
bilberry (Vaccinium praestans Lamb.), which has become widespread mainly only
in the regions of its natural growth [11, 24]. The nutritional and functional proper-
ties of Kamchatka bilberry described in literature justify the growing interest in this
berry crop. V. praestans fruits are a rich source of micronutrients and phytochemical
compounds beneficial to health, such as organic acids, sugars, vitamins, fiber, and
phenolic compounds [12, 18, 20-22].

Taking into account the limited range and reduction of natural populations of
V. praestans due to the increasing anthropogenic load and unregulated exploitation
of berry lands, as well as the unavailability of plant material outside the Russian Far
East, the most optimal and effective method of reproduction of this species today is
clonal micropropagation [5, 15, 16]. The creation of an in vitro gene bank will con-
tribute to the preservation of the gene pool of economically valuable forms of Kam-
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chatka bilberry and the possibility of their further breeding and industrial cultivation.
At the same time, additional research is needed on the adaptation of regenerated
plants in non-sterile ex vitro conditions — one of the most difficult stages of micro-
plant development.

The aim of this study has been to investigate the adaptation features of in vitro
propagated V. praestans plants under ex vitro conditions and in open ground.

Research Objects and Methods

The objects of the study have been the most productive forms of V. praestans
selected in places of their natural growth — Sakhalin (the Korsakovsky District of
the Sakhalin Region), Iturup (the Kurilsky District of the Sakhalin Region),
Khabarovsk (the Khabarovsky District of the Khabarovsk Territory), as well as
the promising hybrid forms created on their basis — 129634 and 235261 — candidates
for varieties (see Figure).

S 3

The hybrid forms of V. praestans in the variety testing sites:
a—129634; b — 235261

Studies on clonal plant micropropagation have been carried out according to
generally accepted methods [13]. At the stage of adaptation to non-sterile ex vitro
conditions, regenerated plants have been transplanted from the first 10 days of March
to the third 10 days of May into substrates made of high-moor peat (pH, ., —2.8...3.5),
which has been pre-steamed (sterilized) at a temperature of +90 °C, including a mix-
ture with river sand (in a ratio of 3:1), vermiculite (3:1), perlite (3:1) and fine-grained
zeolite (3:1). At that, the river sand has been pre-washed and calcined at a tempera-
ture of +180 °C for 2 hours. The plants have been adapted under illumination of
8,000 lux, air temperature of +25 °C and a relative air humidity of 80-90 %. In addi-
tion, the plants have been sprayed with aqueous solutions of growth stimulants Zir-
con (Nest-M, Russia) at a concentration of 0.5 ml/l and Epin-extra (Nest-M, Russia)
at a concentration of 0.5 ml/l; spraying with water has been used as control. After 14
and 28 days after transplantation, plant survival rate has been considered, as well as
the number of shoots and the number of leaves per plant.

After 90 days of adaptation, the planting material has been transplanted to
variety testing sites in various natural and climatic conditions: in the central part
of the European part of Russia — the Kostroma District of the Kostroma Region
(LLC “Krem”), Moscow (the Arboretum named after R.I. Schroeder of the Russian
State Agrarian University — Moscow Timiryazev Agricultural Academy); in the Far
East of Russia — the Lazo District of the Khabarovsk Territory (Agricultural Consum-
er Processing Supply and Marketing Cooperative “Berry Symphony”). The plants
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have been planted according to a 1.5%0.3 m pattern in prepared trenches 1.5 m wide
and 0.5 m deep, filled with high-moor peat. The morphometric parameters of plants
have been taken into account, such as shoot length (cm), lamina dimensions (cm), in-
florescence length (mm), flower diameter (mm), fruit diameter (mm) and weight (g).
The yield has been determined by the weight of berries per unit area (g/m?) [23].

Statistical processing of experimental data has been carried out using generally
accepted methods [6] and Microsoft Office Excel 2019 software.

Results and Discussion

As a result of the conducted experimental studies, it has been established that
when adapting to non-sterile ex vitro conditions, the regenerated V. praestans r plants
obtained by the method of clonal micropropagation have had the highest survival rate
(90 %) when grown on a substrate made of a mixture of peat and zeolite (3:1) with
simultaneous treatment with Epin-extra growth stimulant 0.5 ml/l. The survival rate
has been lower on peat substrates, peat-sand mixtures 3:1, peat-vermiculite mixtures
3:1, also with Epin-extra treatment 0.5 ml/I (75, 70 and 68 %, respectively). The low-
est plant survival rate has been observed on a substrate made of a mixture of peat and
perlite 3:1 (45-60 %). At the same time, no statistically significant differences have
been found in the number of plant shoots depending on the substrate and prepara-
tion treatment, although the values have been maximal when treated with Epin-extra.
There have also been no significant differences in the number of leaves, however, on
the 28th day of adaptation, the highest values have been observed in the substrate
variant made of a mixture of peat and zeolite 3:1, and the highest values have been
observed when treated with Epin-extra 0.5 ml/l and Zircon 0.5 ml/l (5.1 and 4.7 pcs.
on average, respectively) (Table 1).

Table 1
The survival rate and morphometric parameters of V. praestans plants during

adaptation to non-sterile ex vitro conditions depending on the adaptation timing
and treatment with growth-stimulating preparations

Substrate Treatment option Survival rate, % Number .
of shoots, pcs. | of leaves, pcs.
On the 14th day
High-moor peat Control (water) 60 2.6+0.36 3.24+0.35
Zircon 0.5 ml/l 69 2.4+0.28 3.0+£0.26
Epin-extra 0.5 ml/1 75 3.0+0.11 3.1+0.19
Peat + river sand 3:1 Control (water) 52 2.5+0.40 3.6+£0.27
Zircon 0.5 ml/l 66 2.6+0.32 2.94+0.31
Epin-extra 0.5 ml/l 70 2.8+0.19 3.0+0.25
Peat + vermiculite 3:1 Control (water) 57 3.0+0.12 3.3+0.32
Zircon 0.5 ml/1 48 2.6+0.36 3.5+0.19
Epin-extra 0.5 ml/l 68 2.2+0.30 3.840.11
Peat + perlite 3:1 Control (water) 45 2.3+£0.29 3.1+£0.06
Zircon 0.5 ml/l 50 2.2+0.21 3.34+0.11
Epin-extra 0.5 ml/l 60 2.1+0.23 3.4+0.18
Peat + zeolite 3:1 Control (water) 50 2.0+0.25 3.2+0.11
Zircon 0.5 ml/1 61 2.6+£0.31 3.7+0.13
Epin-extra 0.5 ml/ 90 2.8+0.17 3.0+0.18
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End of Table 1

Substrate Treatment option Survival rate, % Number Number
of shoots, pcs. | of leaves, pcs.
On the 28th day

High-moor peat Control (water) 60 2.9+0.31 3.840.38
Zircon 0.5 ml/l 69 3.0+0.33 4.0+£0.21

Epin-extra 0.5 ml/I 75 3.1+0.18 3.840.26

Peat + river sand 3:1 | Control (water) 52 2.7+0.41 3.9+0.25
Zircon 0.5 ml/1 66 2.9+0.32 3.3+0.34

Epin-extra 0.5 ml/l 70 3.2+0.17 3.5+0.26

Peat + vermiculite 3:1 | Control (water) 57 3.0+0.10 3.5+0.34
Zircon 0.5 ml/l 48 2.6+0.36 4.0+0.15

Epin-extra 0.5 ml/I 68 2.0+£0.16 3.9+0.10

Peat + perlite 3:1 Control (water) 45 2.5+0.27 3.4+0.10
Zircon 0.5 ml/1 50 2.9+0.30 3.7+0.17

Epin-extra 0.5 ml/l 60 2.8+0.28 3.8+0.16

Peat + zeolite 3:1 Control (water) 50 2.240.23 3.4+0.10
Zircon 0.5 ml/1 61 2.9+0.34 4.7+0.26

Epin-extra 0.5 ml/I 90 3.8+0.44 5.1+£0.53

V. praestans plants adapted to non-sterile ex vitro conditions and fully ready
for transplantation have been planted in experimental open ground plots with high-
moor peat in various growing areas. The morphometric parameters of the plants of
the studied Kamchatka bilberry forms are presented in Table 2.

Table 2

The average morphometric parameters of introduced V. praestans plants
in various growing areas

Testing site

Parameter Moscow The Kostroma Region The thbarovsk
Territory
2022 | 2023 2022 | 2023 2022 | 2023

Hybrid form 129634
Shoot length, cm 6.6+0.47 | 6.9+0.42 | 6.5+0.42 | 6.4+0.44 | 6.6+0.42 | 6.8+0.48
Lamina length, cm | 6.2+0.44 | 6.240.49 | 5.94+0.41 | 6.0+0.43 | 6.4+0.50 | 6.5+0.52
Lamina width, cm | 3.5+0.31 | 3.240.29 | 2.94+0.30 | 3.0+0.32 | 3.4+0.36 | 3.4+0.36

Inflorescence 14.941.23 | 15.241.23| 14.6+1.14 | 14.8+1.19 | 15.5+1.15| 16.0+£1.23

length, mm

Ellgwerd‘ameter’ 6.440.59 | 6.540.56 | 6.5:0.44 | 624049 | 6.740.61 | 7.0+0.64

Fruit diameter, mm | 11.1+1.08 | 11.2£1.04 | 11.8£1.06 | 12.1=1.11 | 11.5+0.89 | 11.8+0.98

Fruit weight, g 1.6£0.16 | 1.7+0.14 | 1.620.13 | 1.6+0.15 | 1.8+0.15 | 1.9+0.18
Hybrid form 235261

Shoot length, cm 7.1£0.58 | 7.2+0.62 | 7.0£0.62 | 7.1+£0.65 | 7.2+0.74 | 7.4+0.71
Lamina length, cm | 3.8+0.31 | 4.1+0.38 | 3.8+0.32 | 4.0+0.32 | 4.3+0.38 | 4.5+0.41
Lamina width, cm | 2.5+0.26 | 2.6+0.29 | 2.44+0.25 | 2.5+0.28 | 2.7+0.35 | 2.8+0.30

}“ﬂorescence 18.440.85 | 18.240.89 | 17.7+0.82 | 17.6=0.79 | 19.0+0.92 | 19.5£0.98
ength, mm

ler‘;lwer diameter, | g 0,040 | 92043 | 9.0:025 | 8.940.22 | 9.4+0.22 | 9.740.27




ISSN 0536-1036

«HM3BecTus By30B. JlecHoii skypHam». 2025. Ne 3

127

End of Table 2
Testing site
Parameter Moscow The Kostroma Region The thbarovsk
Territory
2022 2023 2022 2023 2022 2023
Fruit diameter, mm | 13.2+1.06 | 13.5+1.09 | 14.0£1.03 | 14.1£1.06 | 14.2+1.10 | 14.5+1.12
Fruit weight, g 1.740.18 | 1.60.16 | 1.6+0.19 | 1.6£0.17 | 1.7+0.22 | 1.8+0.20
The Sakhalin form
Shoot length, cm | 6.4+0.44 | 6.5£0.40 | 6.120.32 | 6.0+0.36 | 6.5+0.50 | 6.9+0.52
Lamina length, cm | 5.740.35 | 6.040.39 | 5.5+0.30 | 5.7+0.35 | 5.9+0.44 | 6.0+0.48
Lamina width, cm | 3.3+0.24 | 3.4+0.26 | 2.540.23 | 2.6£0.25 | 3.240.31 | 3.0+0.32
Inflorescence 14.241.07 | 14.4+1.10 | 14.5+0.99 | 14.8+1.03 | 15.4+1.16 | 15.6+1.12
length, mm
Sgwerd‘ameter’ 6.340.50 | 6.4+0.54 | 5.9+0.40 | 6.0£0.43 | 6.840.60 | 6.6+0.58
Fruit diameter, mm | 9.620.90 |10.0+0.96 | 11.2+0.95 | 11.6+0.98 | 10.4+0.94 | 10.5+0.98
Fruit weight, g 1.540.10 | 1.6+0.12 | 1.6+0.14 | 1.5+0.11 | 1.6£0.18 | 1.7+0.12
The Iturup form
Shoot length, cm | 5.8+0.54 | 6.0£0.58 | 6.140.65 | 6.5+0.60 | 6.7+0.62 | 7.0+0.68
Lamina length, cm | 3.7+0.32 | 3.840.34 | 3.7£0.34 | 3.8+0.36 | 4.1+0.45 | 4.2+0.40
Lamina width, cm | 2.4+0.25 | 2.5+0.27 | 2.6+0.27 | 2.4+0.26 | 2.4+0.37 | 2.6+0.34
{nﬂorescence 14.5£1.04 | 14.841.09 | 16.240.60 | 16.5+0.62 | 17.5+0.84 | 18.1+0.80
ength, mm
ler‘;werdlameter’ 7.3+0.52 | 7.5+0.59 | 8.2+0.40 | 8.4+0.42 | 9.1+0.26 | 9.4+0.29
Fruit diameter, mm | 11.2+0.98 | 10.9£0.92 | 12.8+1.06 | 13.0+1.02 | 13.8+1.00 | 14.1+1.05
Fruit weight, g 1.6£0.13 | 1.5+0.15 | 1.7+0.15 | 1.7+0.18 | 1.7+0.15 | 1.7+0.14
The Khabarovsk form

Shoot length, cm | 5.7+0.34 | 5.8+0.37 | 6.0+0.35 | 6.040.39 | 6.3+0.47 | 6.6+0.45
Lamina length, cm | 6.140.42 | 6.040.45 | 5.040.44 | 5.2+0.45 | 6.0+0.48 | 6.3+0.50
Lamina width, cm | 2.8+0.24 | 3.0£0.25 | 2.8+0.32 | 2.7+0.29 | 3.0£0.30 | 3.2+0.32
Inflorescence 14.4+1.07 | 14.841.13 | 13.841.02 | 13.6+1.06 | 14.6+1.11 | 15.0+1.15
length, mm
fnll‘:qwerd‘ameter’ 6.240.50 | 6.440.54 | 624045 | 644041 | 624055 | 6.3£0.69
Fruit diameter, mm | 10.91.06 | 10.6=1.06 | 11.2+1.14 | 11.4+1.17 | 11.2+0.92 | 11.120.94
Fruit weight, g 1.6£0.17 | 1.6+0.15 | 1.620.22 | 1.6+0.18 | 1.7+0.19 | 1.7+0.16

Unfortunately, to date only a few published results of studies on the cultiva-
tion of V. preastans in vitro and their adaptation ex vitro are known. According to
the study by G. Staniené et al. [26], the survival rate of regenerated V. preastans
plants under ex vitro conditions on a sandy substrate has been 33.3—100 % depending
on the form, whereas in our study the maximum survival rates (88-91 %) have been
noted when plants have been transplanted in May onto high-moor peat, peat + river
sand 3:1 and peat + zeolite 3:1. The positive experience of using the growth-regulat-
ing preparation Zircon at the stage of adaptation of V. preastans regenerants in terms
of increasing plant survival and morphometric parameters is consistent with the re-
sults of our other studies on its use in the adaptation of in vitro-obtained V. praestans
plants of natural forms from the Sakhalin Region and lingonberry (V. vitis-idaea) to
ex vitro conditions on peat substrates [4]. The results obtained can be used to improve
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the elements of the technological cycle of accelerated cultivation of V. praestans us-
ing the clonal micropropagation method.

For all propagated V. praestans hybrid plants, an assessment has been car-
ried out for distinctiveness, homogeneity and stability in comparison with the parent
forms based on morphological characteristics [14].

The Kamchatka bilberry plants of all the studied forms at the variety testing
sites have been completely preserved during the observation period. In the 3rd and
4th year of cultivation in the open ground, V. praestans plants had the following
average morphometric indicators: shoot length — 5.7-7.4 cm; lamina dimensions —
3.7-6.5x2.5-3.5 cm; inflorescence length — 14.2-19.5 mm; flower diameter —
6.2-9.7 mm; fruit diameter — 9.6—14.5 mm; fruit weight — 1.5-1.9 g. No statistical-
ly significant differences in the studied morphometric parameters have been found
depending on the growing area, although the maximum values have been observed
mainly in hybrid forms. Meanwhile, the plants of the studied forms are characterized
by a pronounced anthocyanin coloration of the shoots of the current year, weak or
moderately pronounced anthocyanin coloration of the leaves, pink or slightly pink
coloration of the flowers, and red or dark red coloration of the fruits.

The yield accounting over the course of 4 years has shown that, on average, the
highest yields have been achieved by hybrid forms of Kamchatka bilberry in all areas
of the study: form 129634 — 364.25-383.0 g/m?, form 235261 — 362.75-379.25 g/m?
(Table 3). The Khabarovsk form growing in the Khabarovsk Territory has had
ayield close to that of hybrid forms on average over 4 years (354.25 g/m?). Otherwise,
the yield indicators of natural forms have been lower.

Table 3
The average yield of in vitro grown V. praestans plants in various growing areas
Yield, g/m?2
Form by year Average
2020 [ 2021 | 2022 | 2023 for 4 year
The Kostroma Region
Hybrid 129634 182+16.5 | 380+36.2 | 402+38.0 550+53.2 378.50
Hybrid 235261 202+£19.2 | 382+35.5 | 362+35.6 505+49.2 362.75
Sakhalin 165+15.1 | 352+33.2 | 350+£33.1 4524438 329.75
Iturup 134+12.6 | 341£32.8 | 325+30.1 438+41.5 309.50
Khabarovsk 141+13.8 | 332432.1 316+29.7 426+40.6 303.75
Moscow
Hybrid 129634 185+17.2 | 370+36.0 | 382+36.8 520+50.6 364.25
Hybrid 235261 180+£16.2 | 390+37.8 | 373+£35.9 512450.1 363.75
Sakhalin 152+14.6 | 330+£30.4 | 321£30.8 454443.0 314.25
Tturup 145£14.2 | 320£29.8 | 309+29.0 445+42.6 304.75
Khabarovsk 150+14.8 | 310+29.4 | 302+28.4 433+41.8 298.75
The Khabarovsk Territory
Hybrid 129634 192+15.9 | 388+36.4 | 411£39.0 541+51.8 383.00
Hybrid 235261 210420.1 | 4054£38.6 | 380+35.8 522+49.6 379.25
Sakhalin 142+13.9 | 355+33.4 | 364+35.9 452443.5 328.25
Tturup 144+14.1 | 346+£32.4 | 352+33.5 464443 .4 326.50
Khabarovsk 183+16.6 | 372+36.7 | 370+35.2 4924+48.0 354.25

In general, there has been an increase in yield with increasing plant age. Thus,
on variety testing sites in the open ground, this indicator has been: for hybrid form
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129634 in the 1st year of cultivation — on average 182—192 g/m2, in the 2nd year —
2.1 times higher, in the 3rd year — 2.1-2.2 times higher, in the 4th year —2.8-3.1 times
higher, compared to the 1st year; for hybrid form 235261 in the 1st year of cultivation —
on average 180-210 g/m?, in the 2nd year — 1.9-2.2 times higher, in the 3rd year —
1.8-2.1 times higher, in the 4th year — 2.5-2.8 times higher; for the Sakhalin form
in the Ist year of cultivation — 142—165 g/m?, in the 2nd year — 2.2-2.5 times higher,
in the 3rd year — 2.1-2.6 times higher, in the 4th year — 2.8-3.2 times higher; for
the Iturup form in the 1st year of cultivation — 134145 g/m2, in the 2nd year — 2.3—
2.6 times higher; in the 3rd year — 2.1-2.5 times higher, in the 4th year — 3.1-3.3 ti-
mes higher; for the Khabarovsk form in the 1st year of cultivation — 141-183 g/m?,
in the 2nd year — 2.1-2.4 times higher, in the 3rd year — 2.0-2.1 times higher, in
the 4th year — 2.7-3.0 times higher. At this, hybrid form 235261 has shown a slight
decrease in yield (on average by 17-25 g/m?) in the 3rd year of cultivation, compared
to the 2nd year. A similar trend has been observed in the Iturup and Khabarovsk forms
in the conditions of the Kostroma Region and Moscow, as well as in the Sakhalin
form in the conditions of Moscow. Most likely, this is due to the influence of early
spring frosts in 2022, which have contributed to the freezing of flower buds. In other
years of observation, no damage has been noted.

The data obtained on the yield of natural forms of V. praestans in crop con-
ditions in the studied regions are quite consistent with the data obtained in the early
2000s by scientists from the All-Russian Horticultural Center for Breeding, Agro-
technology and Nursery (Moscow, Russia), where the yield of plants in crop con-
ditions in the Moscow Region in different years has been equal to: for the Kunashir
form (the Kurilsky District, the Sakhalin Region, Russia) from 297.0 to 355.9 g/m?,
for the Sakhalin form (the Yuzhno-Sakhalinsky District, the Sakhalin Region, Rus-
sia) — from 362.5 to 502.8 g/m?2 [25]. At this, the yield in crop conditions has turned
out to be approximately 2—4 times higher than in natural conditions in years with
high yields, where it averages up to 90 g/m? [12]. This indicates the prospects of crop
cultivation of this species, especially high-yielding hybrid forms, as a valuable food,
medicinal and also ornamental plant, in the conditions of the European part of Russia
and the Far East.

Conclusions

Thus, the highest survival rate of regenerated V. praestans during adaptation
to non-sterile ex vitro conditions has been revealed when using a substrate made of
amixture of peat and zeolite (3:1) and simultaneous treatment with Epin-extra growth
stimulant 0.5 ml/1 (90 %). The yield of Kamchatka bilberry plants obtained by clonal
micropropagation has depended on the origin of the form and the growing area, and
has generally increased with increasing plant age from 2 to 5 years. The results ob-
tained allow us to recommend the use of a mixture of peat and zeolite 3:1 and Epin-
extra growth stimulant as an element of improving the technology of adaptation of
in vitro propagated V. praestans plants when grown in the conditions of the European
part and the Far East of Russia.
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