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Peculiarities of the classification of economically
valuable indicators of highbush blueberry varieties
of Vaccinium corymbosum L.
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Purpose. To substantiate the features of the classification of morphobiological and economically valuable indicators
of highbush blueberry varieties of Vaccinium corymbosum L. Methods. The studies were carried out during 2012-2019.
Research methods: field (visual examination of the manifestation of morphological signs of vegetative and generative organs
of blueberry plants), laboratory (determination of the content of vitamin C, total sugar, pectin, carotenes, anthocyanins,
flavonoids, total acidity in berries), analytical, comparative, statistical (cluster analysis). Results. Over the years of research,
varieties of highbush blueberries were characterized by a stable manifestation of homogeneous morphological traits and
economically valuable performance indicators. In particular, the studied varieties are classified according to ripeness
groups: very early: ‘Fiolent’; early: ‘Draper’, ‘Huron’, ‘Clockwork’, ‘Cargo’, ‘Laska’; medium: ‘Blue Ribbon’, “Top shelf’, "ZF08-070’,
‘Mavka’; late: ‘Liberti’, ‘Last Call’ and very late: ‘Aurora’, ‘Overtime’. It was determined that the quantitative morphological
traits of highbush blueberry varieties that influenced the formation of plant productivity include such traits as growth
vigor, leaf length, leaf width, inflorescences lengthwise, bunch density, fruit size. Economically valuable indicators of
suitability of highbush blueberry varieties remained stable within the ripeness group. The highest yield (19.5 t/ha) was
provided by the mid-season variety ‘Mavka’” of domestic selection. The yield of berries from the bush of this variety was
also high and amounted to 7 kg. The studied performance indicators were low in the variety ‘Blue Ribbon” — 10.2 t/ha
and 2.4 kg, respectively. The minimum and maximum values of the manifestation of characteristics will serve to establish
the limiting boundaries of its variation in the next modeling of economically valuable indicators of highbush blueberry
varieties. Conclusions. Such morphobiological characteristics of highbush blueberry varieties, as plant growth vigor, leaf
length, leaf width, inflorescences lengthwise, bunch density, fruit size are closely related to plant productivity, berry yield
per bush, berry weight and yield. Therefore, they can be involved in the development and improvement of the model of
suitability indicators of highbush blueberries for distribution in Ukraine.
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tally friendly food products with a high con-
tent of vitamins, macro-, microelements and
other vital substances [1, 2]. Currently, it is
not enough to obtain high stable yields of ber-
ries through the introduction of scientific
achievements and advanced experience, but it
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tion, improvement of growing technology and
the introduction of new highly productive varie-
ties for various agroclimatic growing zones. In
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2000, the average yield of a group of fruit and
berry crops was only 3.84 t/ha, in 2005 — 6.37,
in 2010 — 7.82, 2018 — 12.84 t/ha [4].

Among the factors of the formation of a high
level productivity of fruit and berry crops, the
ecological plasticity of plant varieties should
be noted. The introduction of new varieties of
berry crops enables to obtain a high yield and
high quality of berries — with better taste, more

attractive appearance, long keeping quality and
better transportability [5].

According to the State Statistics Service of
Ukraine, until 2017, there was a gradual an-
nual decrease in the area of plantations of fruit
and berry crops (Fig. 1). An increase in the area
of laying gardens, almost 8.8 times, was noted
in 2018, which is a positive trend in the develop-
ment of the fruit and vegetable industry [4].
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Fig. 1. Areas of plantations of fruit and berry crops and grapes in Ukraine, thousand hectares [4]

Based on approved programs, in particular
the Sectoral Program for the Development of
Horticulture in Ukraine for the period up to
2025, which provides for support measures
that are likely to further increase the area.
First of all, these are scientific research,
training of personnel, promotion of the sale
of fruit and berry products, subsidies, com-
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pensation for part of the costs of mineral fer-
tilizers and plant protection products, price
support, preferential lending to commodity
producers, etc. [6].

The dynamics of filing applications for plant
varieties of fruit crops by domestic applicants is
heterogeneous and does not exceed the number
of applications filed for varieties of foreign
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Fig. 2. Dynamics of filing applications for varieties of berry crops by origin
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breeding. An increase in the number of applica-
tions for varieties of Ukrainian breeding over
foreign varieties can be traced in 2018, which is
6.4 times more than in previous years (Fig. 2).

The analyses of the varieties of the fruit and
berry group that passed the state registration
and form the basis of the technologies for the
production of commercial products are shown
in Figure 3.

2019
2018
2017
2016
2015

2014

0 20 40 60 80

Fig. 3. Dynamics of registration of berry species
varieties in 2014-2019, pcs.

In the domestic market of berry products of
rare introduced species, highbush blueberries
are in the lead today, and its areas are con-
stantly increasing. State register of plant va-
rieties suitable for distribution in Ukraine, to-
day includes 14 varieties of highbush blueberry
Vaccinium corymbosum L. [7].

Analysis of plant varieties catalogs of the
member countries of the International Union
for the Protection of New Varieties of Plants
(UPOV) showed that highbush blueberry varie-
ties (Vaccinium corymbosum L.) for 2018-2019
hit the market only in Canada (6 varieties in
2 years) and Poland (2 varieties in 2018).

Improvement of the elements of technology
for growing blueberries made it possible to of-
fer the production of basic technologies for in-
dustrial plantings and private sector in the
open field using artificial substrates, materials
for mulching and trellis [8—10]. The experience
of recent years in Poland testifies to the high
efficiency of its cultivation in protected soil,
which enable to accelerate the flow of berry
products by 10—20 days and extend its active
use until October. The prospects for the distri-
bution of blueberries in Ukraine largely depend
on the varietal composition and agrotechnical
measures for reproduction and cultivation. It
has a wide ecological amplitude and plasticity
of climatic indicators, withstands sharp tem-
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perature changes well and easily adapts to vari-
ous environmental conditions [14, 15].

An important indicator of the successful in-
troduction of North American highbush blue-
berry varieties is their ability to adapt to new
conditions. The limiting factors for the distri-
bution of highbush blueberry varieties are the
duration of the growing season, the sum of
effective temperatures during the growing
season, as well as low temperatures in spring,
autumn and winter, which cause freezing of
the root system and aboveground part [16].

Currently, a number of indicators are used to
determine the suitability of a variety for distri-
bution in Ukraine, for example, growth vigor;
ripeness group; yield, t/ha; yield, kg/bush; ave-
rage weight of a berry, g, content of vitamin C
in the berries, mg/100 g of total sugar, %; pec-
tin substances, mg/100 g carotene, mg/100 g
anthocyanins, mg/100 g flavonoids, mg/100 g
total acidity, %; tasting score, point (1-9) trans-
portability of berries, point (1-9) winter hardi-
ness, point (1-9) degree of freezing, point (1-9)
drought resistance, point (1-9) pathogen resis-
tance, point (1-9) pest resistance, score (1-9).

Therefore, the study of morphobiological
characteristics of varieties is one of the main
conditions for studying the degree of adapta-
tion of introduced species and confirming the
stable manifestation of traits and obtaining a
high level of productivity.

The aim of the research is to substantiate the
features of the classification of morphobiologi-
cal and economically valuable indicators of
high-growing blueberry varieties Vaccinium
corymbosum L.

Materials and methods

The studies were carried out during 2012-
2019. In accordance with the Methodology for
the examination of plant varieties of a group
of fruit, berry, nut bearing trees and grapes
for distinctness, uniformity and stability: Bil-
berry (blueberry) [17], Methods for the exami-
nation of plant varieties of a group of fruit,
berry, nut-bearing trees, subtropical and
grapes for suitability for distribution in
Ukraine: berry crops [18] and Methods of state
scientific and technical expertise of plant va-
rieties. Methods for determining the quality
indicators of crop production were also used
[19]. The material for the research was the
seedlings, bushes of highbush blueberry varie-
ties at the collection field sites of the Ukrai-
nian Institute for Plant Variety Examination
and the results of descriptions of the morpho-
logical characteristics of the varieties included
in the UIPVE databases (Table 1).
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Table 1
Blueberry varieties, widespread in Ukraine as of 2020
Application . Application | Applicant . Year of
pnpumber Variety name ppdate p(F:)ode Applicant name registration
08489001 | Aurora’
08489002 | ‘Liberty’ 24.11.2008 | 1336 | Board Of Trustees Operating Michigan State University 2012
08489003 | ‘Draper’
13519001 | ‘Fiolent’ 12.07.2013 | 1085 | Dmytriiev Volodymyr Ihorovych 2015
13519002 | ‘Huron’ 17.12.2013 | 1976 | Board Of Trustees Operating Michigan State University 2017
17501001 | ‘Blue Ribbon’
17501002 | ‘Clockwork’
17501003 | ‘Overtime’
17501004 | 'ZF08-070 11.09.2017 | 2315 | Fall Creek Farm and Nursery, Inc. 2019
17501005 | ‘Cargo’
17501006 | ‘Last Call’
17501007 | ‘Top Shelf
ggiggg; ha;\flfa 02.03.2018 | 2470 | Durbak Andrii Myronovych 2019

During highbush blueberry plants growth
and development, phenological observations
and biometric measurements were performed
on each of 5 typical bushes. A single repeti-
tion was carried out in the collection nursery

of the Sumy branch of UIPVE. The begin-
ning of the growing season in most of the
studied varieties was observed on March
25—-30 at an average daily air temperature of
5-7 °C (Fig. 4).

s W

Fig. 4. Restoration and extension of the growing season of highbush blueberry bushes

In the first ten days of April, when the sum
of effective temperatures reached 40-45 °C,
the beginning of bud cracking was observed
in all varieties with a corresponding variation
in the number of days. Depending on the ripe-
ness group and environmental factors, stu-
died highbush blueberry varieties differed in
the rate of passage of the phenological phases
of growth and development and the duration
of interphase periods. The fruits ripened in
49-95 days.

The ripening period fluctuated within a
month, so the crop was harvested three
times.

Biometric measurements were carried out
for morphological pomological features: leaf
lengthwise, leaf width, inflorescences length-
wise, bunch density, fruit size.

Statistical analysis of the research results
was carried out using dispersion and cluster
methods with R programming language and
the Statistica-10 application [20].
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Results and Discussion

Over the years of research, highbush blue-
berry varieties provided a stable manifestation
of homogeneous morphological characteristics
and economically valuable indicators of plant
productivity. We studied the quantitative mor-

Fig. 5. Leaf: length and width

The length of the leaf in highbush blueberries is
conventionally divided into a long one (‘Blue Ribbon’,
‘Overtime’, ‘Last Call’); medium (‘Fiolent’, ‘Draper’, ‘Huron’,
‘Clockwork’, ‘Cargo’, ‘Laska’, ‘Top Shelf’, ‘Mavka’, ‘Liberty’,
‘Aurora’); short (‘ZF08070").
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phological characteristics of highbush blueber-
ry varieties, which influenced the formation of
plant productivity, the yield of berries from
one bush and the yield in general. The quanti-
tative ones included: plant growth vigor, leaf
length, leaf width, inflorescences length, bunch
density, fruit size.

Varieties with narrow, medium and wide
leaves are distinguished by the width of a leaf.
Wide leaves are typical for ‘Cargo’ and ‘Top
Shelf’ varieties. Only one variety, ‘Mavka’, has
narrow leaves. The area of the leaf apparatus
of highbush blueberry varieties is sufficient to

Fig. 6. Highbush blueberry inflorescences

0 5 10

ensure photosynthetic processes of productivi-
ty formation.

Inflorescences of highbush blueberries are a
bunch, which length and density affect the for-
mation of plant productivity. There are single
inflorescences, short and loose, or, conversely,
short, but rather dense (‘Draper’). Most varie-
ties have long inflorescences (‘Fiolent’, ‘Cargo’,
‘Last Call’, ‘Top Shelf’, ‘Mavka’).

The fruit is a berry of various shapes, colors,
mass, size and consistency. It is the size of a
fruit that is one of the links in the formation
of the productivity of highbush blueberry
plants.

Fig. 7. Fruit (berry) of highbush blueberry
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Fig. 8. Clustering of highbush blueberry varieties by morphological characteristics,
affecting plant productivity using the Ward-Method
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The highbush blueberry varieties ‘Draper’,
‘Huron’, ‘ZF08-070’, ‘Blue Ribbon’, ‘Liberty’,
‘Laska’, ‘Mavka’, ‘Aurora’ formed large fruits
and had an average density of the brush and,
in general, provided high productivity of
plants, high yield of the mass of berries from
the bush and productivity of highbush blue-
berries in general. The productivity of high-
bush blueberry plants, in addition to the
above quantitative morphological characters,
was influenced by such characteristics of
berries as hardness, sugar content and acidi-
ty (Fig. 8). It is important to evaluate not
only the yield potential, quality and pomo-
logical characteristics of fruits, but also
plants regenerative abilities, as a manifesta-
tion of adaptability and components of eco-
nomic value.

According to the research results, highbush
blueberry varieties are assigned to ripeness
groups: very early — ‘Fiolent’; early — ‘Draper’,
‘Huron’, ‘Clockwork’, ‘Cargo’, ‘Weasel’; medi-
um — ‘Blue Ribbon’, ‘Top Shelf’, ‘ZF080 70’,
‘Mavka’; late — ‘Liberty’, ‘Last Call’ and very
late — ‘Aurora’, ‘Overtime’.

Currently, to determine the suitability of a
variety for distribution in Ukraine, such indi-
cators as growth vigor; ripeness group; yield,
t/ha; yield, kg/bush; the average weight of the
berry, g, the content of vitamin C in the ber-
ries, mg/100 g of total sugar, %; pectin sub-
stances, mg/100 g carotene, mg/100 g antho-
cyanins, mg/100 g flavonoids, mg/100 g total
acidity, %; tasting score, ball (1-9) transpor-
tability of berries, ball (1-9) winter hardiness,
ball (1-9) sub-freezing, ball (1-9) drought re-
sistance, ball (1-9) pathogen resistance, ball
(1-9) pest resistance, ball (1-9) are used.

The minimum and maximum values of signs
manifestation are indicative for establishing
the limiting boundaries of variation when
modeling economically valuable indicators of
highbush blueberry varieties, which will help
to develop and improve the model of indicators
of highbush blueberries suitability for distri-
bution in Ukraine.

The highest yield (19.5 t/ha) was provided by
the mid-ripening large-fruited variety ‘Mavka’
of domestic breeding, it also had a high yield
of berries per bush — 7 kg. The lowest studied
performance indicators in the mid-ripening
group were in the variety ‘Blue Ribbon’ — 10.
2 t/ha and 2.4 kg, respectively (Table 2).

Conclusions

Blueberry varieties are classified into the
following ripeness groups: very early — ‘Fio-
lent’; early — ‘Draper’, ‘Huron’, ‘Clockwork’,
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‘Cargo’, ‘Laska’; medium — ‘Blue Ribbon’, ‘Top
Shelf’, ‘ZF08-070°, ‘Mavka’; late — ‘Liberty’,
‘Last Call’ and very late — ‘Aurora’, ‘Overtime’.

Morphobiological characteristics of high-
bush blueberry varieties, for example, plant
growth vigor; leaf length, leaf width, inflores-
cences length, bunch density, fruit size corre-
lates with plant productivity, berry yield per
bush, berry weight and yield.

The highest yield (19.5 t/ha) was ensured by
the mid-ripening large-fruited variety ‘Mavka’
of domestic breeding, it also had a high yield
of berries per bush — 7 kg.

These indicators of highbush blueberry varie-
ties suitability for distribution in Ukraine
were studied: growth vigor; ripeness group;
yield, t/ha; yield, kg/bush; the average weight
of the berry, g, the content of vitamin C in the
berries, mg/100 g of total sugar, %; pectin
substances, mg/100 g carotene, mg/100 g an-
thocyanins, mg/100 g flavonoids, mg/100 g
total acidity, %; tasting score, ball (1-9) trans-
portability of berries, ball (1-9) winter hardi-
ness, ball (1-9) sub-freezing, point (1-9)
drought resistance, ball (1-9) pathogen resist-
ance, ball (1-9) pest resistance, ball (1-9).
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Meta. 06rpyHTYBaTH 0CcOGAMBOCTI Knacudikauii mopdo-
6ioNoriyHMx Ta roCnofapCbKo-UiHHUX MOKA3HMKIB COpTiB
noxuHu Bucokopocnoi Vaccinium corymbosum L. MeTopm.
DocnipxeHHs nposoaunu Bnpogosx 2012-2019 pp. Meto-
AW LOCNiIKEeHHS: NONbOBWIA (Bi3yanbHe 06CTEXEHHS NPosBY
MOPGONOriYHUX 03HAK BEreTaTUBHUX i reHepaTUBHUX opra-
HiB POC/IMH NIOXMHU), NabopaTopHUil (BU3HAYEHHSA BMiCTy B
aropax BitamiHy C, 3aranbHoOro LyKpy, NeKTUHY, KapoTUHiB,
aHTouiaHis, hnaBoHOiAiB, 3aranbHOT KMCNOTHOCTI), aHani-
TUYHWIA, NOPiBHANbHWIA, CTAaTUCTUYHWMIA (KNACTEpHUI aHa-
ni3). Pesynbratu. CopT NOXWMHM BUCOKOPOCNOi 3a POKM
BOCMif)KEHb  XapaKTepu3yBanuCb CTabibHUM MpPOSBOM
oAHOpifHMX MOpPONOriYHMX 03HAK Ta rOCMOAAPChKO-LIiH-
HUX MOKa3HWKiB NPOAYKTUBHOCTI. 30KpeMa, JOCHiAXyBaHi
COPTM KnacudikoBaHi 3a rpynamu CTUIOCTI: QyXe paHHA:
‘DionenT’; paHHsa: ‘Apanep’, TypoH’, ‘Knoksopk’, ‘Kapro’, ‘Jlac-
ka'; cepepHs: ‘bny Pi6boH’, ‘Ton wend’, 3008070, ‘MaBka’;
nisHa: ‘Nlibepti’, ‘Nact Konn' Ta ayxe nisua: ‘Aspopa’, ‘Osep-
TaM’. YCTaHOBNEHO, WO A0 KiNbKiCHUX MOPGONOriYHUX
03HaK COPTiB JIOXMHWU BUCOKOPOC/Oi, AIKi BNAMBaNu Ha top-
MyBaHHA MPOAYKTUBHOCTI POC/IMH, Hanexarb Taki O3HaKW,
AK CUIa POCTY, ICTOK 3a AOBXKWHOIO, IMCTOK 33 WUPKHOIO,
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CYUBITTA 3a JOBXMWHOW0, FPOHO 3a WiNbHiCTIO, NAig 33 pos-
mipom. focnofapcbKo-LiHHI NOKa3HUKM NPUAATHOCTI COpTiB
JIOXMHW BUCOKOPOC/OT 3aNMWanucs cTabinbHUMKU B Mexax
rpynu cturnocti. Hateuwy BpoxaiiHicts (19,5 T/ra) 3abes-
neymB cepeaHbOCTUINI copT ‘MaBka’ BiTYM3HAHOT cenekuii.
Buxip Arig 3 Kylwa B 4boro copty 6yB TeX HaiBUWMM i cTa-
HOBMB 7 Kr. HallHMX4MMW [OCNigKyBaHi MOKa3HUKM npo-
AyKTUBHOCTI Gynu B copty ‘bny Pi66on — 10,2 T/ra i 2,4 Kr
BignoBigHo. MiHiMasbHe Ta MaKCMMaNbHE 3HAYEHHS NPOsBY
XapaKTePUCTUK CYryBaTUMe Sl BCTAHOBNEHHSA TPaHUYHUX
MeX #Oro BapiloBaHHA Mif 4Yac HACTYMHOrO MOAENOBAHHSA
rocnofapcbKo-UiHHUX MOKa3HMKIB COPTiB JIOXMHWU BUCOKO-
pocnoi. BucHoBKu. Taki Mmopdo6ionoriuHi xapakTepucTukm
COPTiB NNOXMHW BUCOKOPOCNOT, AiK CUNA POCTY POCAUH, TUCTOK
32 AOBXMWHOI, IMCTOK 3@ WWPUHOIO, CYLBITTA 33 AOBXUHOL,
TPOHO 3a WWiNbHiCTIO, NAif 33 PO3MipoM TiCHO NOB'A3aHi 3
NPOAYKTUBHICTIO POCNUH, BUXOAOM Arij 3 Kylia, Macoto arig
i BpoXalHicTio. A TOMy iX MOXHa 3aiy4aTu 4o po3pobneHHs
Ta BALOCKOHANEHHSA MOAENi NOKAa3HUKIB NPUAATHOCTI TOXUHN
BMCOKOPOCNOT 0 NOWMNPEHHA Ha TepuTopii YkpaiHu.
Knwouosi cnosa: mopgono2iyHi  03HAKU; NOKA3HUKU
npudam+ocmi; 00HOPIOHICMb; NOMOJIO2TYHT XaPAKMepUCMUKU.
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