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The issues of introduction and spreading of new and promising varieties of
Higbush blueberry (Vaccinium corymbosum L.), their state, prospects and economic
value are discussed in the article. The results of studying the specific features of
adventitious rhizogenesis of the green stem cuttings in the agroecological conditions
of the Right-Bank Forest-Steppe of Ukraine are given. It is found that the green stem
cuttings of the studied varieties of Highbush blueberry have a low regenerative
capacity, the rate of which depends on variety, terms of storing and planting of the
cuttings for rooting, type of a shoot and its metamerism.

Highbush blueberry — a valuable high vitamin fruit plant that has nutritional and
medicinal value. The plants of the genus Vaccinium L. could be found only in
botanical gardens, some research institutions and amateur gardening. Lately has been
studied the biological characteristics, obtained and propagated valuable varieties.

The value of highbush blueberry is caused by its high content of sugars in their
fruits to 8%, organic acids 2.7%, pectin 0.6%, 1% protein, 1.6% fiber, vitamin C 63
mg%, B1 0.02 mg%, 550 mg%, PP, carotene 0.25 mg% and phenolic compounds.
The sugar and acids in combination with pectin and tannic matters are causing the
taste of berries. On average, 100 g of fresh berries contains 150-300 mg of
chlorogenic acid and 300-340 mg of triterpene acids, phylloquinone (vitamin K1) —
0,26-0,32 mg, betanin from 210 to 510 mg. The berries contain the macronutrients
such as: sodium to 6, potassium 51, calcium 16, magnesium 7, phosphorus 8 mg%,
and micronutrients — iron to 17 mg%, and small amounts of cobalt, iodine, copper,
vanadium, and others. In seeds piled up to 32% of oil, in the leaves is more than 10%
of tannin [2, 4, 7, 8].

The production by seedbeds of Ukraine of the planting material of highbush
blueberry varieties does not satisfy the needs of horticultural farms, farmers and
amateur gardeners. One of the main reasons is the fact that the existing methods of its
propagation do not always ensure the stability of the results and they are quite time-
consuming, thus they are not widely spread [1].

The improvement of planting assortment of highbush blueberry associated with
the necessity of deepening information on existing and new varieties; among them a
leading position occupied by introduced varieties and breeding patterns. It is
Important to assess not only the productive potential of plants, the quality of
pomology and fruit characteristics, but also their regenerative capacity as a display of
component adaptability and economic values [4, 5, 7].



The goal of research was to study the regenerative capacity of perspective
varieties of highbush blueberry and development of specific measures and methods
for their reproduction from stem graftage technology in Right-Bank Forest-Steppe of
Ukraine. In the process was envisioned to perform the following tasks: to evaluate the
regenerative capacity of stem stalks depending on the biological characteristics of the
variety, to establish the optimal terms of harvesting and planting stalks for their
rooting, to determine the impact of metamernost of cutting material and
physiologically active substances in the processes of adventitious root formation in
stalks.

Research methodology. It was studied the perspective highbush blueberry
varieties for the conditions of Right-Bank Forest-Steppe of Ukraine — Blyukrop
(Bluecrop), Blyugold (Bluegold), Duke (Duke), Darrow (Darroy), Elliot (Elliot),
Spartan (Spartan), Toro (Toro) [7]. The experiments were carried out in nurseries of
Uman National University of Horticulture, National park "Sofiivka" NAS of Ukraine
and company "Brusvyana".

For rooting the stalks were used the glass greenhouses with fractional moisture.
The substrate was a mixture of peat (pH 5.2) with clean river sand in the ratio of 4:1.
The air temperature in the environment of graftage was 28-30, the substrate — 18-
22°C. The relative humidity was between 80-90%, and the intensity of optical
radiation — 200-250 Dzh/m? sek.

The starting material for graftage were two-year, three-year and four-year
uterine plants. In each variant of the experiment were using the stalks that harvested
from the apical, medial and basal parts of shoots with one, two, three and four-node
with length of 10-15 cm and the rooting was performed by traditional technologies
[6]. The observations on the passaging of root formation processes were carried out
every 5 days. The repetition of experiment was four-time, in each repetition was 25
stalks. Considering the beginning and mass formation of root, the development of
aerial parts and root growth, accounting of rooting was conducted at the end of the
growing season, with a determined percentage of rooted stalks, number of roots and
length of roots and size of aerial parts of rooted plants. Statistical processing of data
was performed by multivariate variance analysis [3], using the computer programs.

The results of research. The results of research indicate that the most effective
way of highbush blueberry varieties breeding are green stem graftage — half tree
stalks with leaves, regenerative ability of which is specific variety feature. The study
of morphogenesis of adventitious roots of stem graftage showed that the regenerative
ability depends on the type, duration of shoots provision and planting them on root,
type of stalks and its metamernost (Table 1).

According to the research, output indicators of rooted green stem stalks of
highbush blueberry studied varieties due to propagation by graftage in the first period
ranged from 3.3 to 35.4% depending on which part of the shoot they were harvested,
and during graftage on 1-10" of July — from 3,2% to 34.2% and from 1.0 to 4.7%
during graftage on 1-10th of August. The greatest rooting was observed in the first
period (1-10 June) of the stalks of variety Darrow (35.4%), Blyukrop (34.4%) and
Blyuhold (25.3%), harvested from the basal part of three knots shoots. The stalks of
varieties Toro, Spartan and Duke take root weaker, respectively 16.9, 18.7, 22.5%.
The stalks of variety Elliot took root weakest — 6.6%.



1. Rooting of three-nodal green stem stalks of highbush blueberry varieties
depending on the timing of graftage and part of sprout (average for 2010-2012), %

_ Part of June July August

Variety

sprout | 1-10 | 10-20 | 20-30 | 1-10 | 10-20 | 20-30 | 1-10

A 7,5 7,2 6,1 51 4,7 3,2 1,5

Blyuhold M 13,8 | 13,6 | 12,2 9,1 9,1 6,8 1,9

B 253 | 226 | 211 | 166 | 13,1 9,2 3,1

A 119 | 11,7 | 11,7 | 101 | 10,1 | 84,4 1,6

Blyukrop M 16,8 | 16,2 | 16,2 | 134 | 125 | 114 2,4

B 344 | 321 | 315 | 251 | 21,7 | 151 3,5

A 10,2 | 10,2 | 10,0 8,7 8,5 7,6 1,4

Duke M 147 | 145 | 145 | 141 | 135 | 11,2 2,7

B 225 | 224 | 214 | 21,2 | 195 | 16,3 3,0

A 129 | 124 | 122 | 119 | 11,7 | 115 2,2

Darrow M 189 | 18,7 | 186 | 18,2 | 17,1 | 16,8 3,4

B 354 | 351 | 346 | 342 | 258 | 17,5 4,7

A 3,3 3,2 3,2 3,2 3,2 2,7 1,0

Elliot M 4,9 4,6 4,6 4,1 4,0 3,6 1,5

B 6,6 6,5 6,5 5,4 51 4,7 1,4

A 6,3 6,1 6,1 5,8 5,6 54 1,6

Spartan M 126 | 125 | 125 | 12,1 | 11,3 | 10,8 2,1

B 18,7 | 18,7 | 18,2 | 18,0 | 158 2,6 3,2

A 5,6 5,6 5,5 4,8 4,4 4,0 1,6

Toro M 10,1 9,3 9,1 8,8 8,3 8,1 2,0

B 169 | 166 | 16,3 | 16,0 | 11,6 8,1 3,1

SSDgs 1,2 1,4 1,2 0,9 1,1 0,6 0,2

Note: A — stalks harvested from the apical part of the shoot, M — medial B — basal.

The output of rooted stalks from the medial part of the sprouts of the varieties
Duke and Blyukrop was 14.7 and 16.8%, and Blyuhold and Darrow — 13.8 and
18.9%, Toro and Spartan — 10,1-12,6% and Elliot — 4.9%. The percentage of taken
root of the stalks from the apical part of sprout was ranged on average from 3.3 to
12.9% depending on the varietal characteristics.

Depending on the above mentioned results of rooting green stem stalks of
highbush blueberry varieties were conventionally divided into three groups: easily
rooting (Blyukrop, Darrow), mildly rooting — (Blyuhold, Duke, Toro and Spartan)
and weakly rooting — Elliot. According to the early terms of graftage (20-30 May) all



stalks were herbaceous and were proved unsuitable for implantation under conditions
of finely dispersed humectation. It is found that the high regenerative ability is
manifested in the stalks that were harvested from the basal part of the stem, lower —
from the medial part and the lowest — from apical.

The number of nodes in the green stem stalks of highbush blueberry varieties
defines their regenerative ability (Table 2 on the example of the variety Blyukrop).
The reducing of their number lower three was accompanied by a significant reduction
of all parameters of rhizogenesis. Rooting of one-node stalks (the control variant of
the experiment) of variety Blyukrop, harvested from the apical part of the stem,
averaged over three years, 1.6%, medial — 2.3%, basal — 5.4%. Rooting of two-node
stalks that were harvested from the basal part of the stem was 12.3% that on 7.8%
more than rooting of similar stalks from the medial part of the stem, and on 9.7%
than two-node apical stalks. The significant advantage of rooting was founded three
node stalks, independent from the part of the stem from which they were harvested.
Rooting of three-node stalks from the basal part of the stem, depending on the variety
was in average 22.8%, which is on 22.1% more than two-node and on 29.0% more
than similar one-node.

Rooting of three-node styalks from the medial part of the stem are significantly
different from one-node and of two-node, respectively, 12.3% and 14.5%. The
percentage of rooting stalks of three-node basal variety Blyukrop was 34.4%, of two-
node 12.3%, and one-node only 5.4%.

When the number of nodes increases to four in the green stems stalks the
regenerative ability is decreased. Thus, the percentage of rooting four-node stalks of
Blyukrop variety that harvested from the apical part of the stem was 6.4, medial — 8.1
and basal — 19.2%. Thus, for the graftage of highbush blueberry varieties is optimal
the three-node green stem stalks that harvested from the basal part of the stem.

The number and length of roots in the stalks are significantly dependent on the
type of stalk and its metadimension (Table 2). Per one stalk the total number of roots
of first and second orders of branching in one-node stalks that harvested from the
basal part in the phase of intensive growth of stems was 14.2 units and in two-node
basal stalks, this index was much higher and amounted up to 25.8 units. The greatest
number of roots of first and second orders of branching (41.3 units) are observed in
three-node stalks.

Analyzing the growth of the adventive roots in heterogeneous apical and medial
stalks should be noted that the significant advantage for this index had also the three-
node stalks. In the variant of experiment where the four-node stalks were used from
the different parts of the stem, the total length of the adventive roots was significantly
lower compared with three-node stalks and was 33.7 in the apical, medial — 54.2 and
basal, respectively — 93.1 cm. The intensity of roots regeneration, the number of roots
of the first and second orders of branching, their combined length and height of the
growth of three-node stalks, dominated the similar indexes in 2-3 times compared
with one-node and two-node.

On the green stem stalks the roots form on the basal part and the zone of their
formation in the substrate has a well-defined morphological boundaries — 1.0-1.5 cm.
The morphogenesis of adventive roots in stalks involves the endogenous phase



consisting of callus genesis and rhizogenesis and exogenous phase with the phases of
the roots formation of the first and subsequent orders of branching.
2. The regenerative ability of highbush blueberry green stem stalks of the
variety Blyukrop depending on metadimension of stem
(graftage 1-10.VI, the average for 2010-2012)

: Number of roots
Mepmtorsam "0 ontestal, | LTI OLe0t | Lenghof e
One-node stalks
Apical 1,6 3,1 9,2 0
Medial 2,3 6,2 18,5 0
Basal 54 14,2 38,6 0
SSDgs 0,8 1,2 3,4 0
Two-node stalks
Apical 2,6 7,2 21,6 0
Medial 4,5 13,7 39,9 0
Basal 12,3 25,8 67,4 0
SSDgs 1,8 2,2 3,7 0
Three-node stalks
Apical 11,9 18,6 54,8 1,4
Medial 16,8 30,1 81,3 8,6
Basal 34,4 41,3 121,5 15,9
SSDgs 3,2 3,4 4,1 1,1
Four-node stalks
Apical 6,4 11,5 33,7 1,7
Medial 8,1 20,1 54,2 10,2
Basal 19,2 32,5 93,1 16,5
SSDgs 2,7 2,1 3,7 2,7

Near the definition of optimal part and the output of stalks from one stem, from
which the stalks could be harvested, were set their specific morphological boundaries
and dimensions. With the length of stalks 5-10 cm and 15-20 cm of all investigated
varieties was observed the significant decrease of their rooting regardless of the part
of stem from which they were harvested. The optimal length of stalk of highbush
blueberry experimental varieties is 10-15 cm, harvested from the basal part of the
stem.

The growth of vegetative and vegetative-generative stems in uterine plants
lasting throughout the growing season with an activation of growing processes during
the third decade of May to the first decade of July. The most intensive growth of



stems of Blyukrop Duke, Darrow and Spartan varieties in decade were averaged 16,3
+ 3,1 cm. During this period the stalks showed the high ability for rooting. Thus, in
determining the optimal terms for breeding varieties of highbush blueberry by
medium-stiffened stalks, we should be oriented on the period of the most intensive
growth of vegetative stems — 1.VI-15.VIlI (depending on the soil and climatic
conditions of the year).

Conclusions. The success of highbush blueberry (Vaccinium corymbosum L.)
introduction in Ukraine and the perspectives of its implementation into the culture are
largely dependent on the choice of the optimal ways of reproduction. For saving the
agronomic-valuable characteristics and varietal properties of highbush blueberry, it is
necessary to use breeding by green stem stalks, which will allow to accelerate the
breeding of stalks, to increase the output of high quality planting material, to save the
genetic homogeneity of varieties-clones, to accelerate the introduction of new and
perspective varieties into production, to reduce the time of their entry in fruiting. The
degree of rooting of green stem stalks of highbush blueberry varieties are divided into
the three groups: easily rooting (Blyukrop, Darrow), middle rooting — (Blyuhold,
Duke, Toro and Spartan) and weakly rooting — Elliot. All these features should be
considered in the further improvement of technology of growing rooted planting
material of highbush blueberry varieties from the stem stalks.
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Humpooykyua u  nepcnekmuevl  GulpaAU{UGAHUA  COPMOE  207YOUKU
evicokopocaoui (Vaccinium corymbosum L.) ¢ [Ilpasobepeicnon Jlecocmenu
Ykpaunui

Obcyarcoaromes 6onpocvl pacnPocmpaHenusi Ho8blX U NePCNeKMUBHbIX COPMO8
eonyouku evicoxopocaou (Vaccinium corymbosum L.), cocmosnue u nepcnemueni
KyIbmypul,  Xxossicmeennoe 3naueHue. Illpusedenvl  pezynomamvl  U3yueHusl
cneyuguky  a08eHMUBHO20 pu3o2eHe3d ) 3€leHbIX Cmeblegblx UepeHKOo8 Y
azpoexonozudeckux  ycnosusx  Ilpagobepedxcnou  Jlecocmenu Yrpaunuor.
Ycemanosneno, umo 3enemvie cmebnegvie uepeHKU UCCIEOYEMbIX COPMOE 20J1yOUKU
8bICOKOPOCTIOU UMEIOM HU3KVIO De2eHepayuoHHyl0 CHOCOOHOCMb, a4 ee YPOBEHb
3asucum om copma, CpOKO8 3a20MOBKU U 8bICAOKU UEePeHKO8 HA YKOpeHeHue, mund
nobeza u e2o MemamepHoCmu.

Yenex unmpooykyuu 2onybuxu vlcoxopocnoi 6 YKpauHy u nepcnekmugvl ee
8HeOpeHUs 8 KYIbMypy 3HAUUMENbHO 3A8UCUN OM N00O0PA ONMUMATILHLIX CNOC0008
pasmuodicenus. /s coxpaHeHuss XO3AUCMBEHHO-YEHHbIX NPUZHAKOE U COPMOGLIX
ocobennocmell  20YOUKU  BbICOKOPOCIOU HeoOX00UMO UCHONb308AMb CHOCOObI
PA3MHOJICEHUsL 3eleHbIMU CMeDNe8bIMU YEePEeHKAMU 6 Nepuod aKmusHo20 pocma
nobez2os, Ymo 0acm B03MONCHOCHb YCKOPUMb 8bIPAWUBAHUE CAXCEHYE8, YEeNUUUNDb
8bIX00 NOCAOOUHO20 MAMEPUANd BbICOKO20 KAYecmed, COXPAHUMb 2eHemuiecKyio
0OHOPOOHOCMb COPMOB—KIOHO8, YCKOPUMb BHEOPEHUe HOBbIX U NepPCHeKmMUBHbIX
COpMo8 6 NpouU3B0O0CME0, COKPAMUMb YAC GCMYNIEHUs UX 8 WNIOOOHOUeHUe C
VAYUUeHUeM Kauecmea npooyKyuu.

CmeneHb YKOpeHAeMOCmU 3€IeHbIX CeOaesblX YepeHKO8 UCCAe0yeMblX COPMO8
2071YOUKU 8bICOKOPOCIIOU PA30eNieH0 Ha MpU epynnbl. eckoyKkopensemvle — biuokpon
u Jlappoy, cpeouneykopeusemvie — bnioconvo, [k, Topo, Cnapman u
cnaboykopensemvie — Inuom. Konuuecmeo medcooysnuti uiu ysno8 y 3e1eHbix
cmebedblX UepeHKo8 onpeoesiem Ux pe2eHepayuoHHyio CHOCOOHOCMb, YMeHbUIeHUe
UX KOAUYecmea Hudce mpex COnposoHcoaemcsi OOCMOBEPHbIM CHUNCEHUEM BCeX
noxazameneu puzozenezd. Ycmanoeneno, 4mo camas 6blCOKAs pPe2eHepayuoOHHAs
CNOCOOHOCMb NPOABIAEMCS Y YepPeHKOo8 U3 06a3anvHou yacmu nobdeza, 6oiee HU3KAA
— Y YEpeHKO8 U3 MeOUANbHOU Yacmu, d Camas HU3KAsi — y anUKaIbHbIX YEepPeHKO8.
Konuuecmeso ykopenenHvlx mpexy3no6vlx 0a3albHbIX YepeHKO8, Ha npumepe copma
Brioxpon cocmasuno 34,4, 0soxysnosvix — 12,3, a 00noy3108vb1x 6ce2o 5,4%.

Konuuecmeo u onuna xopnesoii cucmemvl makice OOCMOBEPHO 3ABUCENU OM
muna uepenka u e2o memamepnocmu. Ckopocmb pezeHepayuu NpUOAMOUHbIX
KOpHel, UX KOIUYeCcmseo u CyMMapHas OUHA NPEeSbluAIU AHAI0SUYHbIE NOKA3amenu y
2—3 paza no cpasHeHuro ¢ 0OHOY308bIMU U 0BOXY3N08bIMU YEPEHKAMU

Bce smo Heobxooumo yuumwlieams npu OdalbHeuuiem YCOBEPULEHCMBOBAHUU
MEXHONO0SUYECKUX ACNEeKMO8 BblpAUBAHUS KOPHECOOCMBEHHO20 NOCAOOYHO20
mamepuania uHmMpoOYYUpOBAHHbIX COPMOE 207YOUKU BbICOKOPOCIOU U3 CMebaesblx
YepeHKO8.

Kntouesvie cnoea: 2onybuxa 6vlcokopocnas, copmad, MamoyHvle pAcmeHus,
cmeb.iesble YepeHKU.
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Introduction and perspectives of growing varieties of Highbush blueberry
(Vaccinium sorymbosum L.) in the Right-Bank Forest-Steppe of Ukraine

The issues of introduction and spreading of new and promising varieties of
Higbush blueberry (Vaccinium corymbosum L.), their state, prospects and economic
value are discussed in the article. The results of studying the specific features of
adventitious rhizogenesis of the green stem stalks in the agroecological conditions of
the Right-Bank Forest-Steppe of Ukraine are given. It is found that the green stem
stalks of the studied varieties of Highbush blueberry have a love regenerative
capacity, the rate of which depends on variety, terms of storing and planting of the
stalks for rooting, type of a shoot and its metamerism.

Success of introduction of Highbush blueberry in Ukraine and perspectives of its
cultivation depends considerably on the selection of optimal ways of propagation. To
maintain economic value and variety peculiarities of Highbush blueberry it is
necessary to use the way of propagation by stem stalks during active growth of
shoots. This enables to accelerate the propagation of nurslings, to increase planting
material yield of high quality, to preserve genetic homogeneity of clone varieties, to
enhance introduction of new and promising varieties in production, to reduce the
period of their coming into fruit-bearing together with the improvement of product
quality.

The levels of rooting ability of softwood stem stalks of studied varieties of
Highbush blueberry are divided into three groups: Bluecrop and Darrow root easily,
Blue Gold, Duke, Toro, Spartan have medium rooting capacity, and Elliott shows
weak rooting. The number of internodes and nodes of stem stalks determines their
regenerative capacity. The reduction of their number to less than three is attended by
the reduction of all indicators of rhizogenesis. It is found that stalks from basal part
of shoot show the highest regenerative capacity, stalks from the middle part show
lower capacity and apical stalks show the lowest regenerative capacity. The number
of rooted three-node basal cuttings in the example with variety Bluecrop amounted to
34,4, two-node — to 12,3, and one-node — only to 5,4%.

The number and the length of root system also depended on the type of stalk and
its metamerism. The regeneration rate of adventitious roots, their number and total
length exceeded analogous indicators by 2 — 3 times in comparison with one-node
and two-node stalks.

All this should be taken into account in further improvement of technological
aspects of growing own-rooted planting material of introduced varieties of Highbush
blueberry from stem stalks.

Key words: Highbush blueberry, varieties, parent plant, stem stalks.
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