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Aim. To evaluate the efficiency of inducing generative, reduced parthenogenesis and to better use the differentiating potential
of the embryo culture under apomictic seed production in selection materials of sugar beet with cytoplasmic male sterility
(CMS), and B) to isolate homozygous lines (dihaploids) without the use of polyploidizing substances. Methods. Apomictic
(agamospermous) seed production in apocarpous pollen sterile lines from B. vulgaris subsp. vulgaris var. altissima (sugar beet)
using classical so-called Owen sterile cytoplasm and sterile cytoplasm from Beta maritimа and Beta patula as sources, was
conducted under pollen free conditions and spatial isolation in the greenhouse breeding complex of the Yaltushkivska experimental breeding station (Yaltushki, Ukraine). The specificities of embryonic development of apomictic embryos were studied
with the purpose of efficient regulation of the induction of explants in vitro as donors of the culture of immature embryos. Fluorescent flow cytophotometry in combination with the computer program of the Partec Ploidy Analyser PA-2 (Partec GmbH,
Germany, now Sysmex), were used to determine the degree of ploidy, enabling the selection of haploid and dihaploid lines in
vitro. A genetic method was developed using the expression of morphological marker indices of nuclear genes of anthocyanin
coloring (R+r–) of regenerant plants in vitro and ploidy determination for differentiation by generative (reduced) parthenogenesis. The sampling technique that took into account the hormonal composition of cultural media and the level of genome
ploidy, sample frequency and statistical analysis of the results was determined using the appropriate statistics; the percentage
of regenerants, induced by different types of morphogenesis and ploidy in vitro, was determined along with the measurement
error to control the accuracy of the selected sampling (number of seed embryos). Results. The selected cultural medium No. 3,
based on the basal medium according to Gamberg et al., 1968 (21), contained 6 BAP – 2 mg/l, 2.4 D – 0.5 mg/l, gibberellic acid
– 0.1 mg/l, which ensured a success rate of 4.4 to 23.3 % of direct regeneration of shoots from the embryo culture, depending
on the genotype of donors, and 4–10 % for induction and proliferation of callus. In ten experimental numbers of alloplasmic
lines of sugar beet, the incidence of haploids and mixoploids among the regenerants from the embryo culture fluctuated within
the wide range of 14.8 – 62.2 % and exceeded the indices, obtained by other known methods of haploid parthenogamy, which
had the values of 3.79 – 6.25 %. Conclusions. The homozygous lines and dihaploids were determined and set apart/stabilized
in the process of micropropagation, where the differentiation of clones was made on the basis of total DNA content in interphase nuclei, using information of histograms generated in fluorescent flow cytometry with the Partec Ploidy Analyser PA-II
instrumentation. The medium, based on macro- and microsalts according to Gamberg et al., 1968 (21) was found to be the most
efficient; it ensured at least partially successful direct regeneration in the culture of embryos within the range of 4.40 ± 1.29 to
23.3 ± 3.45 %. The success of direct regeneration of apomictic material depended on the composition of the cultural medium
used first and foremost, and to a lesser extent on the stages of embryogenesis from day 12 till day 32, differentiated by the
fixation period for seed embryos starting from the beginning of flowering. Homozygous lines were created without polyploidinducing substances due to spontaneous transfer of some cells of haploid regenerant plants to a higher level of ploidy, that can
be used in the breeding of sugar beet. Genetic determination of apomictic seed reproduction in alloplasmic lines and pollen
free lines of sugar beet and the technologies of inducing dihaploids allow reducing the period of inzucht-crossing considerably
to obtain homozygous lines, creating unique material for chromosome engineering and marker-oriented selection with target
combinations of genes in homozygous state.
Keywords: apomixis (apozygoty), haploids, dihaploids, alloplasmic lines, Beta maritima, ploidy analyzer (PA) Partec.
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INTRODUCTION
Apomixis, the reproduction via asexually formed
seed, i.e. embryo parthenogenesis from unfertilized
cells of the embryo sac, occurs frequently among angiosperms, some species or genera may be completely
apomictic, with different ways of seed production for
microspecies (biotypes) of the same species [1–3].
Seedlings arising from apomictic seed have the genotype of the maternal parent. Most researchers of apomixis in plants have the opinion that in this case an
embryo without pollination and fertilization occurs not
due to the combination of generative cells but due to
cloning of maternal tissue of a developing seed [4, 5].
New strategies of genomics have become available for
further understanding the key mechanisms of meiosis
regulation and parthenogenesis after deciphering the
genomes of Arabidopsis, Iris and others [1, 2, 5]. Numerous results of apomixis studies demonstrated a high
and confusing level of gene, chromosome, and morphological diversity in the apomictic progeny [6–7].
The embryological studies proved that, depending on
the way of forming embryo sacs, the nature of the apomictic embryo development is determined by the type
of apomixis: diplospory, apospory, adventive embryony or parthenogenesis [1, 6].
In diplospory (generative apospory) the embryo sac
developed out of a non-reduced megasporocyte. In
some, meiosis may be substituted/followed by mitosis or
the second division is absent. The formation of parthenogenetic embryos takes place in diplosporous embryo
sacs of the Polygonum-type, these embryos develop to
the globular stage and their further development does
not take place due to the absence of endosperm formation [6]. Low indices of seed formation are notable for
many other species regardless of diplosporous types and
this is one of the unsolved problems for application of
diplospory/apomixis in (molecular) plant breeding [1, 7,
8]. In most species, nucellar and integumental embryony is combined with generative parthenogenesis and
embryos which get into the embryo sac from outside.
A haploid embryo out of reduced cells and an adventive
embryo out of somatic cells do occur [2, 6].

Parthenogenesis is the development of an embryo
from an unfertilized egg cell. This parthenogenesis can
be diploid and haploid. Diploid parthenogenesis takes
place in two ways: 1) in embryo sacs without meiosis
(diplosporic parthenogenesis or generative apospory,
the megagametophyte arises from a cell of the archesporium) and 2) with somatic apospory (somatic aposporous, the megagametophyte arises from some other
nucellus cell). Haploid parthenogenesis is observed in
reduced embryo sacs, the cells of which were formed
due to meiotic division. It was proven that haploid
embryos are not capable to grow without diploidy,
their share among seedlings is only 1–2 %. However,
through haploid parthenogenesis haploid embryos in
some species with generative apozygoty and new introduced cytoplasm from wild types (for instance, the case
in alloplasmic lines of Triticum aestivum), may reach
the percentage of 90 % [9].
The practical value of apomixis is substantially due
to the possibility of preserving hybrid (F1) and heterosis properties in economically valuable plants for
many years and generations. There is presently a high
economic interest and perspective of great benefit for
the use of apomixis by leading plant breeding companies of the world (e.g. Syngenta, Pioneer Hi Bred
International, Rijk Zwaan Zaadteelt B. V., and others)
[2, 4, 5]. Especially high hopes are laid on the methods of molecular genetics and genetic transformation
of the genome with possible switching from the gametophytic way of seed reproduction to the sporophytic one [10].
Apomictic seed reproduction in sugar beet was observed (but not confirmed) in 1928 by M.V. Favorsky.
It was confirmed in the 1970s, but considered to be of
low importance for breeding, until the work of Levitsky
et al., and Maletskii, Maletskaya et al. since the 1990s
[11, 12, 14]. Apomictic reproduction of wild Beta species was described by Barocka in 1960.

Some of the main differences in the genetic origin of
embryos are as follows:
▪ different ploidy of embryo sac cells – somatic aposporous and diplosporous (generative aposporous, meiotic ones);
▪ embryos with a maternal genome in case of adventive
embryony or with a recombinant genome when developing
from reduced and non-reduced cells of the embryo sac.

It was determined that during apomictic reproduction
the meristem cells of sugar beet seedlings demonstrated mixoploidy of cell populations with the presence of
both dominating fraction of cells with diploid number
of chromosomes and polyploid cells, occurring from
the diploid ones by endomitosis [11, 13]. K.I. Maletskaya (2009) proved that apomictic reproduction in pollen sterile lines of beet under pollen free conditions is
not somatic cloning and a case of nucellar embryony,
and the origin of the embryos in this case is mainly
gametophytic reduced and non-reduced parthenogenesis [14]. This basis of embryogenesis under apozygoty
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was also thoroughly studied by Szkutnik (2011) using
isoenzyme analysis [7].
Bohomolov (2018) observed gametophytic apomixis
in sugar beet as a result of absent meiosis in case of inducing apomixis, while crossing with wild Beta corolliflora L. (2n = 36) and B. trigina L. (2n = 56), when
the crossings were exposed to high doses of radiation.
Gamma-radiated-lines, forming viable progeny under
isolation conditions, were created. This opens the possibility of obtaining ‘new generation’ hybrids, based on
apomictic lines [15].
The method of inducing maternal haploids under in
vitro conditions (gynogenesis), using unpollinated seed
embryos decreases the period of obtaining homozygous selection materials to 1–2 years, due to genetic
homogeneity of lines of the resulting dihaploids [16,
17]. Zhuzhzhalova et al. (2016) found that an efficient way to stimulate the yield of haploids (from 3.0
to 9.8 %) was obtained using the liquid basal nutrient
medium, based on micro- and macrosalts according to
Gamberg et al., to which cytokinin BAP (1.0 mg/l) was
added [17].
Haploid seedlings from apomictic sugar beet seed
progenies, formed under pollen free conditions, were
first isolated by Maletskaya [14]. The only so far possible method of obtaining haploid and dihaploid lines
in vivo is the selection of haploids on the basis of morphology (by measuring thickness and length of the tip
on days 2–3 after germination). The yield of haploids
is usually not more than 3.79–6.25 %, and it includes
a long process of ploidy stabilization of both somatic and generative cells [14]. It was proven in the experiments using 150 pollen sterile lines under pollen
free conditions in the Laboratory of Cytogenetics, the
Institute of Bioenergy Crops and Sugar Beet (Kyiv,
Ukraine) that the regenerants from apomictic plants
include haploids, diploids and tetraploids, as determined using flow cytometry on total DNA content
of interphase nuclei with the Partec Ploidy Analyser
PA-II (Partec Company, Germany) [18]. Mixoploid
genomes in the apomictic progeny of sugar beet are
unstable and change to the diploid level in the course
of four cycles of apomictic seed reproduction in micropropagation [19].
The seed of selection materials of sugar beet, obtained via parthenogenesis via polyembryony, is characterized by genetic diversity; the generation of 2–3
shoots from some apocarpous fruit was observed [7,
14,]. Embryological studies demonstrated that apomictic seeds originated both from somatic cells (adventive
AGRICULTURAL SCIENCE AND PRACTICE Vol. 6 No. 2 2019

embryony) and from generative cells of the embryo
sac [11, 12]. Such formations of seeds are called seed
cloning, but theoretically this progeny should not be homogeneous, since they are of different genetic nature –
out of somatic and generative cells. Levites et al. (2016)
discovered that polymorphism of enzymes, present in
these apomictic plants, was related to relocation of the
enzymatic locus and variability of their expression due
to difference in the structure of isoenzymes [20].
The variability of ploidy level and the occurrence
of partial mixoploidy in apomictic sugar beet plants
complicate the selection of valuable breeding features
in those plants [15, 19]. Once the problem of differentiating progeny is solved, somatic and generative
apomixis in materials with CMS will allow using the
apomictic method of seed reproduction to induce homozygous lines and obtain constant progeny which
will improve the sugar beet breeding programs.
The aims of our research were 1) to select generative
parthenogenetic seeds and determine ploidy of apomictic embryos; 2) to induce and produce dihaploid lines
under in vitro conditions depending on the genotype
and plasmotype of seed plants-donors of sugar beet
using cytophotometry methods of determining ploidy
and selection of haploid and diploid regenerants in vitro from the embryo culture of apomictic embryos; 3)
to study the specificities of regenerating apomictic embryos in alloplasmic lines and lines with new sterile
cytoplasm from wild Beta maritima and Beta patulа.
The following experiments were conducted to
achieve the above-mentioned aims:
▪ the effect of hormonal composition of the basal culture medium according to Gamberg et al. (1968) [21],
taking the genotype of seed plants-donors into account,
on differentiation processes in the culture of apomictic
embryos;
▪ the differentiation of apomixis type (analysis of
variability of the ploidy level of the genome in second
generation regenerants) by determining the total content of nuclear DNA of interphase nuclei using fluorescent flow cytometry;
▪ subsequent isolation of homozygous lines in micropropagation based on differentiation and in vitro selection of haploids and dihaploids, obtained without the
effect of colchicine.
MATERIALS AND METHODS
The initial material for the study on the specificities
of inducing the embryo culture, obtaining regenerants
5

KOVALCHUK et al.

based on apozygoty and CMS was seed plants of pollen sterile apocarpous lines of sugar beet of Yaltushkivska experimental breeding station with B. vulgaris
Owen cytoplasm (1945) and alloplasmic lines with
new sources of cytoplasmic sterility from wild species of Beta L. – Beta maritimа, from natural populations of Greece and Turkey, and Beta patula of Madeira, Portugal).

isolators were put on specific shoots of seed plants to
safeguard apozygous reproduction. During the flowering in the following May-June the temperature fluctuated from 38 °C to 51 °C. Seed plants of MS-0 type
were selected for the pollen free reproduction method
and MS-I and MS-II types were discarded [18].

The following seed plants were used as donors of
apomictic embryos in our research:

Among seed plants of sugar beet, the ones with
the best development of seed plant habitus, forming
apocarpous pollen-sterile microspecies (biotypes) in
terms of development of generative shoots were selected to be donors of embryos.

▪ apomictic lines of seed plants А4–7 with selection
numbers 13–136 5,12; 13–138 р.1, 5, 8 were formed
under conditions of the greenhouse breeding complex
of Yaltushkivska EBS. At least 10 out of 100–150 seed
donors from each line were selected by the features of
separate flowers (mm) and of sterility (MS-0) [22]. For
seed plants of each apomictic line, about 2,000 flowers
were analyzed after the start of flowering, within the
development period from day 12 to day 32;
▪ alloplasmic pollen sterile lines based on new male
sterile cytoplasm from wild Beta maritimа and Beta
patula, with high apomictic seed production with the
following selection numbers: В4СS patula A2:18 (Madeira, Portugal) р.1, р.2, р.3, B6CS patula A2:18 р.2,
р.5) В3СS maritimа (Turkey) A1:18, р.1, р.2, р.5 В3СS
maritimа (Greece) A2:18 р.1, р.2.

The evaluation of embryogenesis
of apomictic embryos

The distinguishing and marking of flowers on breeding materials of pollen sterile lines, obtained in pollen
free mode, was performed by the modified method of
Shyriaeva of 1984, [24]. This method envisages distinguishing the buds, which have opened, and marking
them with color threads up and below. The marking of
male sterile flowers was conducted from 8.00 a.m. till
11 a.m. depending on the temperature.

Pollen free conditions with the purpose of inducing
apomictic seeds were ensured by spatial isolation of
seed plants under conditions of the greenhouse breeding complex of the Yaltushkivska breeding station, as
well as application of parchment isolators on the experimental field of the Institute of Bioenergy Crops
and Sugar Beet [22]. Pollen free mode comprised cultivating MS-0 sugar beet plants on isolated plots in the
greenhouse breeding complex. In August, the seeds of
MS-lines were grown in a cycle (from seed to seed).
The phenotype of each plant was determined by pollen features prior to flower opening. The plants with
completely sterile pollen MS-0 phenotype according to
Owen (1945) were kept for reproduction. Parchment

For microscopic observation apomictic embryos
were fixed in Carnoy’s fixative (3 volumes of ethyl alcohol : 1 volume of glacial acetic acid) for 14 days at
+4 °C. After the fixation, the material was washed and
desiccated three times in 75 % ethyl alcohol for 1 h.
The washed material was kept in 80 % ethyl alcohol for
preparations. Thin sections were made by hand using
a sharp razor blade. The sections were placed on the
specimen slide one after another and stained for 2 h in
the solution of glycerin with the addition of 9 % alcoholic iodine solution. After washing in running water
for 12 h, the sections were placed in a glycerin-iodine
solution and mounted under a coverslip on a microscope slide. The preparations were studied under the
stereoscopic microscope (LOMO MBS-10). The developmental stage of embryos was determined on the
fifth day after flowering when the embryo was at the
globular stage, the heart stage was observed on day 8,
and on days 10–12 the torpedo and «cotyledon = root»
stage (where the cotyledon and hypocotyl were getting
longer). On day 16 the embryo reached the «½» stage of
the embryo sac, and on day 20–22 – «¾» of the embryo
sac. On day 24 the embryo developed up to the chalazal
end of the sprout and completed its development on
day 28 under the conditions of pollination, fertilization
and formation of hybrid embryos. We observed the location of the embryo sac of sugar beet in the micropylar
part of the seed embryo, the embryo developed from
the micropylar to the chalazal end. A light microscope
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The alloplasmic lines were created in the Laboratory
of Cytogenetics as reciprocal progeny of wild species
of Beta maritimа and Beta patula of the above-mentioned different ecologic-geographic origin [23]. New
sterile cytoplasm was selected from crossings with the
wild beet species by determining the recessive nuclear genes of sterility fixation: hypocotyl coloring r-r-,
two-year cycle of development b-b-, apocarpous nature
mm, sterility xxzz.
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Fig. 1. Genetic method of inducing haploids and dihaploids in the culture of apomictic embryos

MBS-10 (LOMO, Russia) was used for cytological
analysis while magnifying objects 12.5x7. Microphotography was conducted using a Sigeta digital camera
in combination with the computer program ToupView
(Touptek Photonics, China), applying Twain and Direct
Show software.
The method of obtaining a culture of embryos
from selected materials of sugar beet possessing
cytoplasmatic male sterility and apomixis
To optimally induce the culture of apomictic embryos, different compositions of nutrient media were
investigated, using different ratios of cytokines, auxins,
carbohydrates and amino acids, based on a macro- and
microsalts medium of Gamberg et al. (1968) [21]. The
duration of the development of apomictic embryos was
calculated from the start of flowering of seed plants.
Medium No. 212, previously developed at the Institute of Bioenergy Crops and Sugar Beet [25] to induce
haploids from immature seed embryos and based on
micro- and macrosalts according to Gamberg et al.
[21], was used as control, to adjust the composition of
the media with the purpose of inducing embryo culture
during apozygoty. Due to delay in the development of
embryos from apomictic lines, we changed the period
of selecting breeding material for further use to 10 days.
To induce the embryo culture in vitro, we used stress
conditions in a combination of low (+4 °C) and high
(+33 °C) temperatures. The excised ovules were sterilized in a solution of 20 % chloramine and subsequently
kept at +4 °C in the refrigerator for 2 days with the
illumination of 3 klx, 16 h photoperiod, and a relative
AGRICULTURAL SCIENCE AND PRACTICE Vol. 6 No. 2 2019

humidity of at least 75 %. Then they were transferred
onto medium No. 3 of Gamberg et al. (1968) [21] and
kept in a thermostat at +33 °C for 30 days with the illumination of 8–10 klx, 16 h photoperiod, a relative
humidity of at least 80 %, and CO2 at 0.1–0.12 %. Subsequently, to activate plant growth, the embryo structures formed in the 30 days before, were transferred to
the medium according to Gamberg et al. (1968) with
the addition of 0.3 mg/l BAP and gibberellin 1mg/l for
microclonal reproduction. The genetic method of inducing haploids and dihaploids in sugar beet with apomixis and CMS to obtain homozygous lines (Fig. 1),
was applied when differentiating regenerative plants
of the second passage [26]. The roots of seed plantsdonors of apomictic embryos of pollen-sterile lines and
alloplasmic lines were differentiated on the basis of the
allele of marker red color of hypocotyl R+. The differentiation of haploids, mixoploids and dihaploids was
conducted on regenerant plants of the second passage
using hypocotyl marker color (R+; r–) and by determining ploidy using fluorescent cytophotometric analysis
by the Partec Ploidy Analyser PA-II and its computer
programs (Partec company, Germany).
The genetic method of inducing haploid and dihaploid lines based on the embryo culture of apomictic
embryos of sugar beet is presented in Fig. 1.
The regenerants of passage II of each genotype were
separately analyzed both by marker coloring of the hypocotyl (R+r–), and by the level of genome ploidy using
fluorescent flow cytometry and computer programs of
the Partec Ploidy Analyser PA-II.DNA of peas (Pisum
sativum) as well as nuclei of cells of animals and hu7
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mans served as reference. When ploidy was determined
by the flow cytometry, leaves of control specimen with
previously determined number of chromosomes for
this species were used. We used the leaves of haploid
and diploid biotechnological lines with the number
of chromosomes determined as external standard for
sugar beet. The objects of analyzing the shoots in vitro
were their leaves, containing cells of different tissues
after preparing the suspension according to the method
of Partec company.

complex of Yaltushkivska experimental breeding station. The growth medium was prepared prior to planting (40 % soil, 30 % humus and 30 % sand) and placed
into pots, 35 cm in diameter. Mineral fertilizers were
introduced as calculated per 60 kg of growth medium – ammonium nitrate (34 %) – 40–50 g, superphosphate (19 %) – 100–110 g, potassium salt (40 %) – 30–
40 g. The survival of young plants in pots was from 99
to 100 %. The humidity of 60–70 % from total moisture
capacity was preserved with a relative humidity of 75 %.

It was proven that the main bulk of cells of sugar beet
leaves was at the G0 stage, representative for interphase
nuclei in the pre-synthetic period and corresponding to
ploidy in general [27]. We detached leaves during replanting of regenerated shoots in a laminar flow cabinet
and kept them in bags with moistened filtration paper in
the refrigerator at +4 °C. To prepare the suspension of
nuclei, a part of a leaf was cut with a sharp razor in Petri
dishes with the addition of 1.5 ml extraction (lysing)
buffer solution (Partec, Germany). The buffer solution included 10 mM – aminomethane; 10 mM Na2 –
EDTA; 100 mM – NaCl; pH 7.7; 100 ml – mo-ther solution DAPI (Germany). After cutting we added 0.5 ml of
DAPI fluorochrome solution (Partec, Germany) and 0.5
ml propidium iodide (4,6-diamidino-2-phenylindole).
Histograms were generated that describe the distribution
of the investigated cellular DNA, and the number of cells
with a particular content of nuclear DNA. The number of
measurements was from 2 to 150 thousand nuclei per
sample. Diploid level of the genome corresponds to the
peak on the channel 100 and the class of cells with double content of nuclear DNA – on the channel 200 (Fig.
5, с). The number of samples from each apomictic line
corresponded to the number of regenerated apomictic
embryos.

During the vegetation of plants, the air temperature
in the greenhouse fluctuated from 35 °C to 55 °C in
April–May, with the illumination of 10–12 klx.

The leaves of regenerated in vitro shoots were used to
determine ploidy. The obtained plants were stabilized
by ploidy to the diploid level during 3–4 passages, and
after a check using PA Partec and the stabilization followed by their microclonal reproduction in vitro. The
basal medium of Gamberg et al. (1968), with the addition of 0.1 mg/l naphthyl acetyl and 0.3 mg/l indole
butyric acids, 0.5 mg/l gibberellin, 45 mg/l sucrose, pH
5.6, 5.8, was used for rooting. After rooting, plantlets
were selected for further cultivation on the basis of
morphological features and high regeneration percentage of root system and leaf apparatus.

To determine the reliability of the analysis and sampling accuracy, the coverage error mp [28] was determined by the formula:

where P – the percentage of regenerants from the embryo culture grown in vitro, determined by the type of
morphogenesis depending on hormonal composition of
cultural media, or by the ploidy level of the genome
using cytophotometric methods; n – number of seed
embryos from one apomictic line.
RESULTS
In the apomictic line (А6) 13–138 р.1, there was
considerable degeneration of seed embryos under pollen free conditions, which could exceed 80 % (Table
1), the development of apomictic embryos on day 12
reached the globular stage (Fig. 2, а), and that was 4
days behind the hybrid one according to the scheme of
development for hybrid embryos, determined for Beta
vulgaris [24], that reached the torpedo stage already. In
the alloplasmic line В3СS maritimа (Turkey) A2:18 p.5
the development of apomictic embryos was observed
at the heart stage on day 20 which was 12 days behind
the hybrid one.
On day 12 we observed the development of apomictic embryos at the globular stage, and on day 20–22 at
the heart stage, torpedo stage, «½» of the embryo sac,
and the cotyledon = root or c = r stage, depending on
the genotype of seed plants-donors (Fig. 2, a–d).

The rooted clones were transferred into growth medium under conditions of the greenhouse breeding

At +33 °C the isolated embryos formed leaves, roots
and/or callus depending on the composition of cultural
media and origin of the material. Four variants of the
basal medium with different amounts and ratio of
cytokines, auxins, and saccharose were analyzed. The
basal cultural medium which was previously developed
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to obtain haploid plants from isolated non-fertilized
seed embryos by Bilous et al, [25], was used as control.
The differentiating characteristics of regenerants, depending on their genotype and composition of cultural
media under in vivo conditions are presented in Table 1.
According to Table 1, medium No. 3 yielded the
highest number of regenerants for four different lines

in one experiment. The yield of differentiating callus
depended on genotype of the tested lines and fluctuated
from 6 to 10.0 %. Direct embryogenesis was observed
in all the control genotypes, Table 1 also presents the
total number of seed embryos. The indices of direct
regeneration are indices of the number of regenerated
apomictic embryos for each control line (see Fig. 3, а),

Table 1. The types of morphogenesis in culture of apomictic embryos in two lines with cytoplasmatic male sterility (CMS)
of sugar beet and two alloplasmic lines, depending on their genotype and three variations in composition of the basal cultural
medium according to Gamberg et al., 1968 (24), and with medium 212 of Bilous et al. 2006 (25) as control
Experimental number and genetic make-up of cell line
Types of
morphogenesis

13–136 А6:18 р.5
CMS line
*R

%

13–138 А6:18 р.5
CMS line
R

%

B3CS maritima
«Ts» A2:18 р.5
Alloplasmic line
R

%

B6CS patula А2:18 р. 2
Alloplasmic line
R

%

Control medium No. 212 [25] Organic additives**** Gibberellic acid 0.1 mg/l; Phytohormones: 6 BAP – 0.5 mg/l, 2.4 D
0.1 mg/l Carbohydrate: saccharose 30 g glucose 20 g Adenine 2 mg/l
undifferentiated сallus
direct embryogene-sis
differentiating callus
Total:***

3
5
10
112
(94 lost)

4
2.28 ± 1.13
11
10.48 ±
2.68 ±
7
3.25 ± 1.21
2.98
6
3.43 ± 1.38
1.86 ± 0.92
7
1.52 #
4
2.86 ± 1.25
6.67 ± 2.43
5
1.39 ± 0.79
1
4.46 ± 1.95
3
c. 7.4%
0.95 ± 0.21
175
c. 5.5
105
8.93 ± 2.69
215
(86 lost)
c. 18 %
(160 lost)
c. 16 %
(201 lost)

Macro- and microelements see [24] Organic additives**** Gibberellic acid 0.1 mg/l Phytohormones: 6 BAP – 0.4 mg/l,
NAA**– 0.1 mg/l, 2.4 D 0.1 mg/l Carbohydrate: saccharose 30 g
undifferentiated сallus
direct embryogene-sis
differentiating callus
Total:***

3
7
–
100
(90 lost)

3.0 ± 1.7
7.0 ± 2.5
–
c. 10 %

2
6
–
201

0.99 ± 0.69
2.98 ± 1.19
–
c. 4 %

4
9
–
105

3.81 ± 1.87
8.57 ± 2.73
–
c. 12.2 %

1
5
–
112

0.89 ± 0.7
4.46 ± 1.95
–

Macro- and microelements see [24] Organic additives**** Gibberellic acid 0.1 mg/l Phytohormones: 6 BAP – 2 mg/l,
2.4 D – 0.5 mg/l Carbohydrates: saccharose 30 g, glucose 10 g
undifferentiated сallus
direct embryogene-sis
differentiating callus
Total:***

4
1.60 ± 0.79
25
10.0 ± 1.89
20
8.0 ± 1.72
250
c. 19 %
(201 lost)

–
11
15
250

–
4.40 ± 1.29
6.0 ± 1.5
c. 10.4 %

–
35
14
150

–
23.3 ± 3.45
9.33 ± 2.37
c. 32 %

–
27
15
150

–
18.0 ± 3.14
10.0 ± 2.45
c. 28 %

Macro- and microelements see [24] Organic additives**** Gibberellic acid 0.1 mg/l Phytohormones: 6 BAP – 4 mg/l,
2.4 D – 1 mg/l Carbohydrates: saccharose 30 g
undifferentiated сallus
direct embryogene-sis
differentiating callus
Total:***

16
–
3
100
(81 lost)

16.0 ± 3.7
–
3.0 ± 1.71
c. 21 %

4
–
2
150

2.67 ± 1.32
–
1.33 ± 0.7
c. 4 %

7
–
2
150

4.67 ± 1.72
–
1.33 ± 0.93
c. 6 %

11
–
–
100

11.0 ± 3.12
–
–
c. 11 %

Note: # = standard deviation * R – number of regenerants by morphogenesis type; **NAA – naphthyl acetic acid; ***Total
number of induced seed embryos at late stages of embryogenesis; **** Organic additives: nicotinic acid 0.5 mg/l; pyridoxine
0.1 mg/l; glycine 3 mg/l; glutamine 1 mg/l; thiamine 0.1 mg/l; β-alanine 1 mg/l; ascorbic acid 3 mg/l; meso-inositol 100 mg/l.
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Fig. 2. Developmental stages of apomictic embryos, potential material for embryo culture: а – embryo at the globular stage
of sugar beet line (А6) 13-138 р.1 on day 12; b – heart stage in alloplasmic line В3СS maritimа (Turkey) A2:18 р.5 on day
20; c – degeneration of one embryo and development at the «cotyledon = root» stage in case of polyembryony in alloplasmic
В6СS patula р.2 A2:18; d – torpedo stage in sugar beet line 13-136 р.5 on day 22

Fig. 3. The induction of alloplasmic and CMS embryo culture: a – direct regeneration of shoots in the culture of apomictic
embryos in alloplasmic line B6CS patula, А2:18 р. 2; b – tissue differentiation and organogenesis in alloplasmic line B3CS
maritima «Ts»A2:18 р.5; c – development of shoots from the differentiating callus in the culture of embryos in haploid CMS
line 13-138 А6:18 р.5

Fig. 4. Shape of leaves and expression of dominant allele R+ and recessive allele r- in regenerants of apomictic embryos: a –
the expression of allele r- in the haploid line 13-138 А6:18 р.1 showing the absence of red color in vitro by the expression of
allele r-; b – recessive homozygote, showing silencing of the gene responsible for anthocyanin formation in the hypocotyls in
line В3CS; c – presence of a dominant allele R+ in line B6CS patula A2:18 р.5, anthocyanin formation in hypocotyl

but it depended on the genotype and on the plasma type
of seed plants-donors. It fluctuated from 4.4 to 10.0 %
for two selection numbers of apomictic, apocarpous pollen free lines of B. vulgaris. Direct regeneration at the
heart stage, and «c = r» stage was substantial for the alloplasmic lines B3CS maritima «Ts» A2:18 р.5 and B6CS
patula А2:18 р. 2. The characteristics of induced morphogenetic processes in alloplasmic and CMS embryo
culture via direct regeneration are presented in Fig. 3.

Generally, a dose of the cytokinin BAP at 0.3 mg/l
and gibberellin at 1 mg/l resulted in growth stimulation
and development of beet explants, obtained via direct
regeneration, in the course of two passages in micropropagation. The obtained regenerants were planted
onto the medium to stimulate growth only. Practically
all the variants of investigated media demonstrated
positive effect on growth by the hormones applied in
our experiment in four different doses. The number of
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side shoots was from 4 to 8 per explant, and that of
morphologically developed shoots – 75–100 %. The
medium with cytokinin BAP 0.3 mg/l and 1 mg/l gibberellin was selected and used as the medium most
suitable to regenerate and micropropagate plants. On
this medium clone, formed during the second passage,
were characterized by intense green leaves, normal ratio of a top and a leaf, and active regeneration of next
passage clones. The increase in the concentration of
each hormone from 0.5 to 1 mg/l resulted in tissue necrosis in explants. When the duration of cultivation was
prolonged, first and second passage regenerant plants
showed toxic effects of phytohormones and the forma-

tion of plants with modified morphology – a modified
form of a leaf blade and the ability of active regeneration of shoots.
Variability in morphology of the leaf blade, even
within one selection number, was observed in second
passage plantlets.
This variability in the shape of leaves and the expression of dominant allele R+ and recessive allele r- in the
regenerants of different ploidy is presented in Fig. 4.
According to the genetic expectations based on the
occurrence of haploids and dihaploids in the culture of
apomictic sugar beet embryos, and described earlier

Table 2. The variability of ploidy of embryonic regenerants of apomictic (CMS and alloplasmic) sugar beet lines (all of the
R+r- anthocyanin hypocotyl coloring genotype), as measured by the quantity of total DNA in their interphase nuclei
Period
Selecof embrytion
onic
number,
deveapomiclopment,
tic lines
days

Genotype
of donor
plants by
the expression
of alleles
R+ r

Number
of
planted
seed
embryos

Regenerated
embryos,
%

Ploidy on the basis of total DNA in interphase nuclei,
depending on the number of embryos obtained (%)
green, rn

red, R+
n, 2n,
4n

n, 2n,
4n

2x

2n, 4n,
8n

13 (6.2)
11 (7.3)

4 (1.9)
5 (3.3)

18 (8.6)
7 (4.7)

–
–

28 (11.2)
1 (1.3)
22 (26.2)

20 (8.0)
5 (6.7)
18 (21.4)

25 (10.0)
–
27 (32.1)

–
–
5 (6.0)

45 (18.0)
22 (12.9)
25 (16.7)

10 (4.0)
–
9 (6.0)

17 (6.8)
29 (17.0)
26 (17.3)

13 (5.2)
12 (7.0)
–

–
–

5 (2.9)
18 (16.1)

5 (2.9)
–

–
–

5 (2.9)
8 (7.1)

–
–
–

–
11 (5.1)
12 (8.0)

–
–
–

8 (7.1)
–
–

8 (7.1)
–
–

–
–

7 (6.7)
5 (5.0)

–
–

–
–

–
5 (5.0)

n, 2x

В3СS maritimа (Greece) A2:18
р. 1*
р. 2

22
28

R+rR+r-

210
150

23.3 ± 2.3#
18.7 ± 3.18

14 (6.7)
5 (3.3)

–
–

В4СS patula (Madeira) A2:18
р. 1
р. 2
р. 3

12
22
32

R+rR+rR+r-

250
75
84

34.8 ± 3.02 14 (5.6)
16.0 ± 4.2
6 (8.0)
67.9 ± 5.1 12 (14.3)

–
–
–

В3СS maritimа (Turkey) A1:18
р. 1
р. 2
р. 3

12
22
32

R+rR+rR+r-

250
171
150

4.0 ± 1.2
45.0 ± 3.8
46.0 ± 4.1

15 (6.0)
14 (8.2)
9 (6.0)

–
–
–

B6CS patula (Madeira) A2:18
р. 2
р. 5

12
22

R+rR+r-

175
112

8.6 ± 2.6
23.0 ± 4.0

–
–

13-138 A6:18
р. 1
р. 5
р. 8

22
22
22

R+rR+rR+r-

112
215
150

16.1 ± 3.5
8.8 ± 1.9
10.0 ± 2.5

2 (1.8)
8 (3.7)
3 (2.0)

13-136 A6:18
р. 5
р. 12

22
22

R+rR+r-

105
100

13.3 ± 3.5
12.0 ± 3.2

7 (6.7)
2 (2.0)

Note: # = standard deviation; * selection number of the apomictic line, as seed plants-donors of seed embryos.
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Fig. 5. Selected histograms of the distribution of polyploidy of interphase nuclei based on the total DNA content of those
nuclei in regenerants of a sugar beet embryo culture under apomixis and CMS: a – histograms of haploid shoots with the
distribution of interphase nuclei on channels 50 and 100 in regenerants of apomictic line 13-138 A6:18 р.5; b – distribution
of interphase nuclei of mixoploid regenerants on channels 50, 100 and 200) in regenerants of alloplasmic line B6CS patula
(Madeira) A2:18 р.2; c – histogram of diploids 100 and 200 in regenerants of apomictic line 13-136 A6:18 р.5

[26], haploid shoots both with the recessive allele rand the dominant allele R+ responsible for anthocyanin
staining in the hypocotyl, are regenerated in apomictic
embryos from the cells of the embryo sac. The results
of analyzing regeneration potential and variability by

the genome ploidy level of the shoots, formed in the
process of embryo culture and micropropagation, are
presented in Table 2.
The variability in of the genome ploidy level of interphase nuclei as determined by their total DNA content

Table 3. The efficiency of the method of inducing haploids and mixoploids in the culture of apomictic embryos in selection
materials with cytoplasmatic male sterility of different origin

Origin of selection
numbers of apomictic
lines

Number of
apomictic
lines

No of
cultivated
embryos

Efficiency of generative parthenogenesis (number
and %) *

number

%

number

%

Haploids
n and
mixoploids
n, 2n, 4n nr
and %

n, 2n**

n, 2n, 4n***

В3СS maritimа (Greece)
A2:18

р. 1
р. 2

210
150

14
5

6.7
3.3

17
16

8.1
10.6

(31) 14.8
(21) 13.9

В4СS (Madeira)A2:18

р. 1
р. 2
р. 3

250
75
84

14
6
12

5.6
8.0
14.6

48
6
40

19.2
8.0
47.6

(62) 24.8
(12) 16.0
(52) 62.2 5

В3СS (Turkey) A1:18

р. 1
р. 2
р. 3

250
171
150

15
14
9

6.0
8.2
6.0

55
22
34

22.0
12.9
22.7

(70) 28.0
(36) 21.1
(43) 28.7

B6CS (Madeira) A2:18

р. 1
р. 2

175
112

–
–

–
–

10
18

5.7
16.1

(10) 5.7
(18) 16.1

13-138 A6:18

р. 1
р. 5
р. 8

112
215
150

2
8
3

1.8
3.7
2.0

–
11
12

–
5.1
8.0

(2) 1.8
(19) 8.8
(15) 10.0

13-136 A6:18

р. 4
р. 12

105
100

7
2

6.7
2.0

7
5

6.7
5.0

(14) 13.4
(7) 7.0

Note: *efficiency of haploid reduced parthenogenesis expressed as the percentage of shoots with haploid nuclei (50 un., 100
un.), (50 un., 100 un., 200 un.); ** haploids n, 2n are regenerated from the cells of embryo sac and the haploid status of the
genome is maintained in the micropropagation; ***mixoploids n, 2n, 4n are regenerants of reduced cells of the embryo sac
due to endomitosis and somatic polyploidization under apomixis.
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in the regenerants of embryo culture in case of apomixis (both alloplasmic and CMS) is presented in selected
histograms in Fig. 5.
Seed embryos from seed plants-donors, and apomictic embryos of apocarpous pollen free lines of sugar
beet with selection numbers 13-136 A6:18 and 13-138
A6:18 showed considerable (8.8–16.1% on day 22)
shoot degeneration when cultivated in vitro (Table
2). The percentage of haploids fluctuated from 1.8 to
6.7 % for pollen free lines of sugar beet and from
3.3 to 14.3 % for alloplasmic lines with new sterile cytoplasm.
In the progeny with new sterile cytoplasm of the wild
Beta patula, 8.6 % of the embryos of line B6CS patula
A2:18 р.5 and 67.9 % of В4СS patula A2:18 р.3 produced shoots when cultivated for the first time.
The percentage of haploids of line В4СS patula A2:18
р.3 with recessive green r- color allele was 14.3 %. The
diploids with the allele dominant red color R+ were
32.1 % for line В3СS maritimа A1:18 р.2, and for the
р.3 line this number was 17.3 %. Haploids were absent
in most donors of apomictic R+ embryos with red hypocotyl in sugar beet.
Table 3 shows the efficiency of inducing haploids
and mixoploids in the culture of apomictic embryos in
selection materials with cytoplasmatic male sterility of
different origin. The percentage of regenerants in pollen sterile lines of sugar beet with apomixis fluctuated
from 1.8 to 10.0 % in seed plants-donors of the embryo
culture with selection number 13-138 A6:18 р1 and
from 7.0 to 13.4 % in pollen free lines of sugar beet 13136 A6:18 р5 and depended on genetic determination of
apomictic reproduction of seeds in selection numbers,
which defined the percentage of developed embryos
and regenerated seed embryos in vitro, respectively.
According to Table 3, the percentage of mixoploids
and haploids (combined by their origin from generative cells of the embryo sac) regenerants of line В3СS
maritimа A2:18 was 13.9–14.8 %. The percentage of
mixoploids and haploids for selection numbers with
sterile cytoplasm from Beta maritima fluctuated from
21.1 to 28.7 %.

Fig. 6. a – a rooted clone of homozygous line 2 В3СS
maritimа A1:18; b – alloplasmic line 2 B6CS patula A2:18,
stabilized by the level of genome ploidy

Gamberg et al. (1968) (21) formula with the addition
of BAP 0.3 mg/l and gibberellin 1 mg/l, lines of dihaploids were isolated from all the investigated selection
numbers of types of regenerants, either based on new
sterile cytoplasm, or regenerants, based on sterile cytoplasm (Table 3) without the addition of colchicine.
Examples of the rooted clones of homozygous dihaploid lines are presented in Fig. 6 (а).
The stabilizing selection of the developed shoots in
vitro on the basis of ploidy resulted in a high regeneration capability and formation of morphologically
developed clones, capable of rooting. The introduction
of naphthyl acetic acid into the medium according to
Gamberg et al. (1968) resulted in the successful (80100 %) rooting of diploid clones of cultivated plants.
DISCUSSION
Embryogenetic stages of apomictic embryos of sugar beet have been determined in earlier studies [19,
23]. Both in the CMS line 13-138 A6:18 р.1 and alloplasmic lines В3СS maritimа A2:18 р.1, В4СS patula
A2:18, 13-136 р.5 embryos developed slower than
those of the control haploid lines. Therefore, it is suggested to discriminate and select embryos for culturing already from day 12, when most of them are in the
globular stage.

One of the main stages of creating homozygous lines
in vitro is polyploidization and stabilization of the new
lines by transferring the selected plants of these lines to
cultural media using a polyploidizing substance, such
as colchicine [17]. But in our research, when culturing
apomictic embryos and their cloning for two-three passages on a cultural medium for sugar beet according to

When comparing four variations in growth hormones
(cytokinins and auxins) and carbon source, the basal
medium with 0.1 mg/l gibberellic acid, 2 mg/l 6 BAP,
0.5 mg/l 2.4 D, 30 g saccharose, 10 g glucose, (medium no. 3 of Table 1) yielded the best results in direct
regeneration in a culture of embryos within the range
of 4.40 ± 1.29 for an alloplasmic line (13-138 А6:18
р.1) and 23.3 ± 3.45 % for a CMS line (B3CS maritima
«Ts»A2:18 р.5.). An overall observation is that success
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of bringing embryos into culture depended mostly on
the culture medium and to a lesser extent on the stage
of embryo formation at the time of starting the cultivation.
When analyzing the ploidy level by fluorescent flow
cytometry on total DNA of interphase nuclei, haploids
(R+r-) were detected and selected in regenerants of the
2nd passage. The percentage of these obtained haploids
depended on the genotype of sugar beet and alloplasmic line donors. Regenerants of apomictic embryos
(which were gametophytic reduced apomictic) were
found to be mixoploid (haploid, diploid, tetraploid in
interphase nuclei) and may be used to obtain the lines
of dihaploids. Mixoploids have been characterized earlier in somatic tissue of sugar beet [14, 18]. Apomixis
changes the way of seed production in many flowering
plants, but it was found that apomictic progeny often
has anomalies in the mechanism of mitosis and the result is the occurrence of endopolyploid, tetraploid cells,
and cells of a higher level of ploidy [9, 27–29]. It was
proven that under endopolyploidy there are changes
both in the copies of the genome and genes in the cell
and in the activity of genes [27].
In alloplasmic lines, the percentage (62.2 ± 5.3 %)
of haploid shoots in the suspension of leaf cells was
the highest in comparison to all the other methods of
inducing haploid parthenogamy in sugar beet. To our
knowledge we are the first who have been able to produce haploid and mixoploid shoots during the first
three-four passages in micropropagation without the
use of polyploidizing substances such as colchicine.
We believe that in future, the polyploidy status of regenerants should be further characterized and proven,
using for example, molecular markers, in-situ hybridization or other relevant genetic molecular methods. At
present our way of seed production in apocarpous pollen sterile lines of sugar beet is still in its infancy. But
even now we can use facultative apomixis as a highly
efficient way of inducing homozygous lines in vitro.
The homozygous lines that we obtained may be used
in further scientific studies and selection and breeding
programs (including field studies) of sugar beet.

48 h to this substance led to the necrosis of regenerant
growth points and degeneration of up to 40 % of experimental material. In addition, according to the researchers of polyploidization in sugar beet in vitro, the
colchicination of haploids and doubling the number of
chromosomes takes place in an insignificant number of
clones, up to 38 %, but requires much labor and time of
transplanting [14, 17].
CONCLUSIONS
A new approach to enhance the efficiency of technologies of producing homozygous lines in apomictic
sugar beet lines by inducing embryo culture and differentiation of regenerant plants by gametophytic reduced
parthenogenesis in culture in vitro without the use of
colchicine is presented, with the following results:
▪ stable haploid regenerants from reduced parthenogenesis in alloplasmic lines, based on new sterile cytoplasm of Beta maritimа and Beta patula, – for some
selection numbers up to 62.2 and for pollen sterile lines
of sugar beet only up to 13 %;
▪ ploidy stabilization of shoots (as determined by fluorescent flow cytometry) to diploid level and obtaining
homozygous lines in the course of three-four passages
in micropropagation was obtained for all tested lines
without the use of colchicine, and was based on endomitosis under apomixis.
The scientific research, presented in the article, was
conducted within the framework of a scientific task
27.00.01.05.F (No. 0116U000331) ASR «Creating
competitive hybrids of sugar beet and elaborating technological methods of implementing their biological potential» with the financing of NAAS of Ukraine.
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In addition to environmental hazard, the introduction
of 0.1–0.005 % colchicine to the nutrient media for efficient polyploidization, the exposition of explants for

Мета. Оцінити ефективність індукції генеративного, редукованого партеногенезу та вдосконалити використання диференційного потенціалу ембріокультури при апо-
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зиготичному способі репродукції насіння селекційних
матеріалів цукрових буряків з цитоплазматичною чоловічою стерильністю (ЦЧС), та виділити гомозиготні
лінії (подвоєні гаплоїди) без дії поліплоїдизуючих речовин. Методи. Апоміктичний спосіб репродукції насіння у роздільноплідних пилкостерильних ліній з B.
vulgaris subsp. vulgaris var. altissima (цукрових буряків)
стерильною цитоплазмою Оуена і стерильними цитоплазмами від диких видів Beta maritimа і Beta patula був
забезпечений методом безпилкового режиму, в умовах
просторової ізоляції і селекційно-тепличного комплексу
Ялтушківської дослідно-селекційної станції (Ялтушки,
Україна). Особливості ембріонального розвитку апоміктичних зародків вивчали для оцінки ефективного регулювання індукції екcплантів in vitro, як донорів культури недозрілих ембріонів. Використано методи флуоресцентної цитофотометрії з комп’ютерними програмами Ploidy Analyser PA-2 («Partec GmbH», Німеччина,
зараз Sysmex), для визначення рівня плоїдності та добору гаплоїдних і дигаплоїдних ліній in vitro. Розроблена генетична модель з використанням експресії
морфологічних маркерних ознак ядерних генів антоціанового забарвлення (R+ r-) рослин-регенерантів in
vitro та визначення плоїдності для диференціації генеративним (редукованим) партеногенезом. Технологію
підбору вибірки, яка враховує гормональний склад
культурального середовища та рівень плоїдності геному, частоту вибірки та статистичний аналіз результатів визначали за використання відповідної статистики;
відсоток регенерантів, індукованих різними типами
морфогенезу та плоїдності in vitro, визначали разом з
похибкою вимірювань для контролю точності підібраної
вибірки (кількості насіннєвих зачатків). Результати. Підібрано склад культурального середовища № 3 на основі базового середовища згідно з Gamberg et al., 1968 (21)
із введенням 6 БАП – 2 мг/л, 2,4 Д – 0,5 мг/л, гіберелової кислоти – 0,1 мг/л, що забезпечує пряму регенерацію пагонів з ембріокультури, залежно від генотипу
рослин-донорів від 4,4 до 23,3 %, індукцію і проліферацію калюсу від 4,0 до 10,0 %. У десяти експериментальних номерів алоплазматичних ліній цукрових буряків
відсоток гаплоїдних і міксоплоїдних пагонів у регенерантів з ембріокультури змінювався у межах 14,8–
62,2 % і перевищував показники, отримані іншими
відомими способами гаплоїдної партеногамії, показники яких були у межах 3,79–6,25 % для цукрових буряків. Висновки. Гомозиготні лінії та дигаплоїди було
визначено і стабілізовано в процесі мікроклонального
розмноження, під час якого диференціацію клонів проводили на основі загального вмісту ДНК в інтерфазному ядрі за використання гістограм, отриманих під час
флуоресцентної проточної цитометрії на Partec Ploidy
Analyser PA-II. Було виявлено, що середовище на основі
макро- та мікросолей згідно з Gamberg et al., 1968 (21) є
найефективнішим; воно забезпечувало принаймні част-

ково успішну пряму регенерацію в культурі зародків
в межах від 4.40 ± 1.29 до 23.3 ± 3.45 %. Успіх прямої
регенерації апоміктичного матеріалу в першу чергу
залежав від складу використаного культурального середовища, і дещо менше – від стадій ембріогенезу з
дня 12 до дня 32, диференційованих за періодом
фіксації насіннєвих зародків, починаючи від початку
цвітіння. Створено гомозиготні лінії без використання
поліплоїдизуючих речовин завдяки спонтанному переходу частини клітин гаплоїдних рослин-регенерантів
на вищий рівень плоїдності, що можна використовувати в селекції цукрових буряків. Генетичне визначення апоміктичного способу репродукції у алоплазматичних ліній і безпилкових ліній цукрових буряків, а також
технології індукції дигаплоїдів дозволяють значно скоротити період інцухт-схрещувань для отримання гомозиготних ліній та створити унікальний матеріал для
хромосомної інженерії та маркер-орієнтованої селекції
з заданими комбінаціями генів у гомозиготному стані.
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Цель. Оценить эффективность индукции генеративного, редуцированного партеногенеза и морфоргенного
потенциала эмбриокультуры при апозиготическом способе репродукции семян в селекционных материалах
сахарной свеклы с цитоплазматической мужской стерильностью (ЦМС), для выделения гомозиготных линий (удвоенных гаплоидов) без воздействия полиплоидизирующих веществ. Методы. Апомиктический способ репродукции семян у раздельноплодных пыльцестерильных линий с S. vulgaris цитоплазмой Оуэна и
новыми стерильными цитоплазмами от диких видов
Beta maritimа и Beta patula был обеспечен методом
безпыльцевого режима в условиях пространственной
изоляции и селекционно-тепличного комплекса Ялтушковской опытно-селекционной станции. Проведена идентификация и отбор семенных растений доноров не-
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зрелых зародышей по фенотипическим признакам
ядерных генов стерильности (МС-0, МС-І, МС-II).
Применены методики исследования стадий эмбрионального развития апомиктических зародышей для оценки
эффективности регулирования индукции экплантов, как
доноров культуры не зрелых эмбрионов за разными
типами морфогенеза, зависимо от состава культуральных сред через прямую регенерацию и формирование
калюсной ткани. Использованы методы флюорисцентной цитофометрии с компьютерными програмами Ploidy Analyser PA-2 («Parec GmbH», Германия), для определения уровня плоидности и отбора гаплоидных и
дигаплоидных линий in vitro. Разработана генетическая
модель с использованием экспрессии морфологических
маркерных признаков антоциановой окраски (R + r-)
для дифференциации регенерантов по генеративному
и соматическому эмбриогенезу. Для достоверности исследований и правильно подобранной выборки в зависимости от гормонального состава культуральных
сред и уровня плоидности генома, использованные методики статистического анализа. Результаты. Подобран состав культуральной среды с введением 6 БАП –
2мг/л, 2,4 Д 0,5 мг/л, гибберелловая кислота 0,1 мг/л,
что обеспечивает прямую регенерацию побегов с эмбриокультуры, в зависимости от генотипа семенных
растений-доноров от 4,4 до 23,3 %, индукцию и пролиферацию каллуса от 4,0 до 10,0 %. Процент гаплоидных и миксоплоидных побегов в алоплазматических
линиях значительно превышал количество растений,
полученных другими известными способами индукции гаплоидной партеногамии у сахарной свеклы, и
варьировал в пределах 16,7; 24,8; 62,2 %. Выделенные
гомозиготные линии, удвоенные гаплоиды в процессе
культивирования и дифференциации клонов по содержанию ДНК в интерфазных ядрах на гистограммах
(АП) «Partec». Выводы. На примере апозиготических
линий с ЦМС S. vulgaris типа сахарной свеклы и
алоплазматических линий с новыми стерильными цитоплазмами от диких видов Beta мaritimа и Beta patula,
рассмотрены цитогенетические особенности генезиса
клеток в культуре незрелых апомиктических зародышей, индуцированных in vitro на стадии развития
эмбрионов 12, 20, 22 суток. Лучшей оказалась среда № 3
и обеспечивала прямую регенерацию в культуре незрелых зародышей в пределах 4,40 ± 1,29 и 23,3 ±
± 3,45 %. По результатам экспериментальных исследований мы наблюдаем зависимость эмбриогенного
потенциала прежде всего от генетической детерминации апозиготического способа репродукции семян у
растений-доноров, а также состав культуральных сред
и в меньшей степени от стадии эмбрионального развития зародышей. С учетом суммарного процентного
соотношения гаплоидных растений и миксоплоидных с
присутствием фракции гаплоидных интерфазных ядер
на (АП) «Partec», установлена эффективность индукции

генеративного редуцированного партеногенеза в эмбриокультуры селекционных материалов сахарной свеклы с ЦМС и апомиксисом. Созданные гомозиготные
линии без использования полиплоидизирующих веществ, благодаря спонтанному переходу части клеток
гаплоидных растений-регенерантов на более высокий
уровень плоидности для применения в селекцыионном процессе сахарной свеклы. В условиях генетической детерминации апомиктического способа репродукции семян при межвидовой гибридизации и использования новой технологии индукции линий удвоенных
гаплоидов возможно значительно сократить срок инцухт-скрещиваний, трудозатратность полевых исследований и создать уникальный материал для использования результатов хромосомной инженерии, маркерориентированной селекции с заданными комбинациями
генов в гомозиготном состоянии.
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Aim. A comparative analysis of several traits of the capacity of the assimilation apparatus of 10 varieties and 2
lines of winter wheat from Ukraine, under conditions of insufficient precipitation and elevated air temperature
during the period, when the reproductive organs formed (GS 30–49), in order to search for phenotypic markers
associated with high productivity. Methods. Field, morphometric, spectrophotometric and statistical methods
were used. Results. The maximum difference in yield between varieties and lines, which grew under conditions of insufficient water supply and high temperatures in April and May of growing season 2017/2018, was
24.7 %. Under these conditions, the highest grain productivity was observed for the new varieties Pochayna,
Hospodarka and Kyivska 17 (8.60–8.73 t/ha) and a high canopy leaves chlorophyll index at late stages of
ontogenesis (0.38-0.48 g chlorophyll/m2 at milky-wax ripeness). This was opposed to varieties Smuhlianka,
Poradnytsia and the line UK 392/15 with the lowest yield (7.00–7.25 t/ha) and assimilation surface at this stage
(0.07–0.17 g chlorophyll/m2). At the flowering stage (anthesis) the most productive varieties exceeded the least
productive ones, on average, by 30 % in leaves fresh weight of the canopy, by 24 % in content of total (a+b)
chlorophyll and by 60 % in canopy chlorophyll index. At milky-wax ripeness, the differences between these
varieties increased significantly – up to 136 % in leaf fresh weight of canopy, 57 % in chlorophyll content and
350 % in canopy leaves chlorophyll index. A close positive correlation (r = 0.69–0.77, P ˂ 0.01) between the
canopy photosynthetic apparatus traits at milky-wax ripeness with the yield of varieties and lines of winter
wheat under drought and high temperature stress was found. Conclusions. The results show that the leaves
fresh weight of canopy and canopy leaves chlorophyll index can be used as markers of grain productivity of
winter wheat under drought stress, as well as for the possible development of molecular genetic criteria of
breeding, based on these phenotypic characteristics.
Keywords: Triticum aestivum L., canopy assimilation surface, chlorophyll index, yield.
DOI: https://doi.org/10.15407/agrisp6.02.018
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unrealized under unfavorable conditions. This considerable difference between potential productivity
and actual yield observed [2, 3] necessitates further
studies of phenotypic variability of plants under field
conditions. The evaluation of phenotypic variability
of varieties is mainly conducted using yield or yield
components, morphological parameters and duration
of phenological stages [4, 5]. Since increasing photosynthetic capacity and efficiency is considered the
basis for raising yield potential of wheat [6], studying the variability in assimilation surface may contribute to the breeding for increase of wheat productivity, too. The significant role of the photosynthetic
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INTRODUCTION
The strategic value of wheat in food safety of
many countries is related to the fact that this crop
covers over a quarter of the global crop production
volume. Wheat also remains a major source of dietary calories and proteins in Eastern Europe and
Russia (28–29 %), and South Asia (20–24 %) and
high-income countries (20 %) [1]. Most modern,
highly productive varieties of winter wheat have a
high genetic potential, which, however, may remain
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apparatus in creating yield determines its relevance
for further study [7].
One of the main abiotic stressors, limiting the yield
of agricultural crops in the whole world, is drought.
Soft winter wheat is sensitive to insufficient moisture. The number of productive stems decreases under drought conditions, the reproductive processes of
forming spike elements, pollen fertility and formation
and filling of kernels are disrupted. Drought facilitates
the decrease in the activity of the photosynthetic apparatus and faster yellowing of leaves due to inhibition and eventual destruction of chlorophyll synthesis
[8–10]. The main reason of inhibition of photosynthetic processes under drought conditions is limiting
the diffusion of СО2 into the carboxylation centers
due to decreased conductance of stomata and mesophyll cells [11]. The urgency of creating highly productive drought-tolerant/resistant varieties of wheat is
confirmed by the data of meteorological observations,
proving more frequent droughts and elevated air temperature worldwide [12–14].
Most traits of wheat, discussed in the literature as
markers of tolerance to drought and high temperatures,
are related to different traits of the functional state of
the photosynthetic apparatus [6]. Recent scientific data
demonstrate that the preservation of canopy photosynthetic activity after anthesis ensures better conditions
for grain filling [7, 15, 16]. In particular, it was demonstrated that highly productive varieties and lines of
wheat have more long-term functioning of the photosynthetic apparatus [17, 18].
Our previous studies have shown that varieties with
a larger canopy assimilation surface at milky-wax ripeness (MWR) stage had a higher yield. A significant correlation between canopy leaves chlorophyll index, estimated by the total amount of green leaves chlorophyll
of plants per m2, at MWR and yield (r = 0,64–0,84,
P ˂ 0.05) was observed in years with different meteorological conditions [19]. In contrast to the conditions of
the previous two-year experiments, during the spring
growing season of wheat in 2018, the amount of precipitation in April and May was significantly less: respectively, by 3.6–4.2 and 1.1–4.4 times. A significant
increase in air temperature was also observed during
these two months in 2018.
Thus, both elevated air temperature and insufficient
natural water supply allowed analyzing the characteristics of the assimilation surface and the productivity
of different genotypes of winter wheat under drought
conditions during the period, when the reproductive
AGRICULTURAL SCIENCE AND PRACTICE Vol. 6 No. 2 2019

organs of winter wheat formed. The identification of
phenotypic traits, related to high grain productivity of
winter wheat under drought conditions (and the connected elevated air temperature) is one of the stages for
further elaboration of the methods of breeding selections for tolerance or resistance to this stress factor. The
purpose of this work was to link canopy assimilation
surface capacity traits to grain productivity in order to
evaluate winter wheat genotypes under drought stress
conditions.
MATERIALS AND METHODS
Ten Ukrainian middle-early varieties of winter wheat
(Triticum aestivum L.), viz. Pochayna, Hospodarka,
Krasnopilka, Poradnytsia, Kyivska 17, Dobroslava,
Darynka Kyivska, Perlyna Lisostepu, Smuhlianka
and Shchedrivka Kyivska, and two Ukrainian new
middle-early lines: UK 392/15 and UK 2127/15 were
studied at the winter wheat variety-trial fields of the
experimental farm of the Institute of Plant Physiology
and Genetics, NAS of Ukraine (Hlevakha, Kyiv Region, 50°16’S, 30°19’E; 197 m above sea level) under
natural moisture conditions. One of two of old varieties – Smuhlianka (released in 2004) – was used as
standard (second old variety used was Perlyna Lisostepu, 2001), and others varieties are relatively new
(released 2016–2018).
All experimental plots were in one field with plot
locations as for genetic research (a systematic block
design). The area of an individual plot was 10 m2
(1.5 m × 6.67 m) in three replications. There was 1 m
spacing between plots and each replication was separated by 0.5 m space. All winter wheat varieties and
lines was sown in the third decade of September, at a
sowing density of 5.5–6 million seeds per hectare. In
the experimental plots the soil under the canopy was
light gray, light loamy podzol. During the vegetation,
145 kg of nitrogen and 90 kg of phosphorus and potassium each per hectare were introduced. In the fall, fertilization with N, P and K (N : P : K = 16 %) was applied
under pre-sow ploughing. N fertilization (urea, N=
= 34 %) was applied on frozen ground in spring and
at booting (40–42 SG). Herbicides were used in the
fall (4 leaves unfolded, 21–22 SG) and in spring (stem
elongation, SG 35–39), fungicide at stem elongation
(SG 35–39), insecticide at ear emergence (SG 54–56).
The spring-summer vegetation of plants in the growing season of 2017/2018 was under conditions of elevated air temperature, especially in December, April
and May, and in addition, in April and May there was
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insufficient soil moisture due to a low amount of precipitation during this period (Table 1).
In April 2018, an insignificant amount of precipitation (from 1 to 6 mm per day) fell only three times
a month. In April, the average monthly air temperature exceeded the climatic norm by almost 4 °С, and
on some days – by 8–9 °С. In May, it exceeded the
climatic norm by over 3 °С, and in the first decade of
May – on average by 7 °С.
A hydrothermal coefficient, which is calculated as the
ratio of precipitation amount per month, in mm, multiplied by 10, to the sum of temperatures per month,
in °C, was 0.20 in April and 0.67 in May (Fig. 1). According to Selianinov classification, natural provision
of the soil moisture in the first month corresponds to
a very dry zone (<0.4) and in the second month – dry
zone (0.7–0.4) [21]. Therefore, during the period, when
the reproductive organs of winter wheat formed (GS
30-49), the genotypes of winter wheat in 2018 were under drought stress conditions.
The observations of growing stages on external morphological changes of the already formed organs were
Table 1. Weather conditions of the vegetation period of winter wheat in 2017/2018, with a drought and high temperature
period in April/May [20]
Temperature*
Month

actual,
°C

difference from
the
norm,
°С**

Precipitation

actual,
mm

% from
the
norm**

43
81
46
133

75
198
92
296

40
40
82
8
39
111
87

111
103
222
17
68
135
123

2017
September
October
November
December

16.4
8.4
3.3
1.6

+2.2
0
+1.4
+3.9
2018

January
February
March
April
May
June
July

–2.4
–3.8
–1.9
13.1
18.8
20.6
21.4

+1.1
–0.8
–3.7
+3.8
+3.3
+2.1
+0.9

conducted every 3–4 days, during a period from tillering (SG20) to full ripening (SG93) [22]. The fresh
weight of some organs, namely of leaves, spikes and
stems (including leaf sheaths) was determined on 20
(main and lateral) shoots selected in sequence in four
replications. The determination of phytometric and
pigment parameters was carried out in the mean samples (20 shoots) twice (at anthesis and at MWR), and
yield components (at full ripeness, FR). To determine
the dry weight of the aboveground organs 5 g of the
fresh weight of leaves and 10 g spikes and stems were
selected and tested in three replications. A determination of the canopy density was carried out 3 times: at
anthesis, at MWR and FR. To determine the canopy
density per m2, the number of shoots on four halfmeter segments in different rows per plot was counted
in four replications. Than an average number of plants
per 0.5 running meter was multiplied in 2 and with the
length of the row. The figure than was multiplied in 10
(the number of rows per plot) and divided in 10m2 (the
area of each plot). Since these coefficients are reciprocally reduced, only the first procedure can be used to
calculate the number of shoots per m2.
The content of photosynthetic pigments (chlorophylls
а and b and total carotenoids) in green leaves was determined by the non-maceration method via extraction
of pigments from the leaves using dimethyl sulfoxide,
according to Wellburn [23]. The optical density of
solutions was determined using a spectrophotometer
(Specord 200, AnalyticJena, Germany) in a e 1 cm thik
cuvette at 649 and 665 nm absorbance for chlorophylls
а and b respectively and 480 nm for total carotenoids.
The content of leaf pigments was expressed in mg/g
of fresh weight. The number of leaves in an average
sample was 10 leaves in three analytical replicates. The
canopy leaves chlorophyll index, characterizing the total amount of chlorophyll therein (g of chlorophyll/m2),
was determined as the product of chlorophyll content
and average (from 20 shoots) leaves fresh weight and
number of shoots (main and lateral) per m2 of soil [24].
The yield components (weight grains per spike, number of kernels per spike, thousand-kernel weight and
harvest index) were determined at full grain ripeness in
20 winter wheat plants, selected from each plot, on all
(main and side) shoots. The yield was determined by
the direct harvesting method, again in 3 replications.

Note: * – the actual data from nearest to the experimental
fields meteorological station; ** – long-term (1881–2017)
daily mean air temperature and monthly precipitation means.

All data obtained were subjected to statistical
analysis using statistical software of Microsoft Excel
(2013) according to methods described by Dospekhov [25]. The results are expressed as means with
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standard error (m ± SEM). Data were processed using
analysis of variance (ANOVA) and the Tukey test at
5 % probability level (P < 0.05). Linear correlation
was determined using the Pearson correlation coefficient.
RESULTS AND DISCUSSION
The yield of 10 Ukrainian varieties and 2 new lines
of winter wheat, affected by unfavorable conditions
(drought and high temperatures) during the during the
period, when the reproductive organs formed, fluctuated from 7.00 to 8.73 t/ha, and in 7 out of 12 genotypes
it equaled or exceeded 8 t/ha (Table 2).
The highest yield (8.60–8.73 t/ha) was by the new
varieties Pochayna, Hospodarka and Kyivska 17, while
Smuhlianka, Poradnytsia and line UK 392/15 had a
lower yield (7.25, 7.12 and 7.00 t/ha, respectively).
One of the highly productive varieties, Hospodarka,
was characterized by the highest number of kernels per
spike (38.3 ± 1.73) and better filling of kernels (1000
grains weight was 52.5 ± 0.83 g). The highly productive variety Kyivska 17, however, had a low grain
productivity per spike with a low number of kernels
per it (1.44 ± 0.07 g and 33.4 ± 1.28 kernels, respectively) and thousand-kernel weight (42.6 ± 0.93 g),
but it formed the canopy with higher density of plants
(+33 %), than Hospodarka (Fig. 2). Therefore, high
yield of highly productive genotypes was apparently
due to higher filling capacity of plants and due to higher
performance of an individual spike. All three genotypes
with the least yield had no significant differences in the

Fig. 1. Hydrothermal coefficient, mm/°C, during the springsummer vegetation period of winter wheat in 2018

density of plant stand and number of kernels from the
spike, but differed in their filling (Table 2).
The density of productive shoots in the canopies of the
studied varieties and lines fluctuated from 547 to 747
shoots/m2 at anthesis and from 417 to 570 shoots/m2
at full ripeness (Fig. 2). The number of shoots did
not correlate with yield to any of the studied stages
(low correlation coefficients, data is not presented).
The highest (570 ± 18 shoots/m2) and lowest (417 ±
± 24) density of the canopy at full ripeness were observed in the group of the most productive varieties,
respectively Kyivska 17 and Horodnytsia (Fig. 2). It
should be noted that during the period from anthesis
to full ripeness, the density of productive stems in the

Table 2. The yield and yield components of winter wheat varieties and lines, Kyiv Region, Hlevakha, 2018. Values are means
and standard error of the mean, (m ± SEM). (Number of plots for yield determination N = 3, number of replicates for yield
components n = 20 plants)
Variety

Yield, t/ha

Pochayna
Kyivska 17
Hospodarka
UK 2127/15
Shchedrivka Kyivska
Darynka Kyivska
Dobroslava
Krasnopilka
Perlyna Lisostepu
Smuhlianka
Poradnytsia
UK 392/15

8.73 ± 0.12a
8.60 ± 0.08a
8.60 ± 0.26a
8.27 ± 0.10ab
8.20 ± 0.12b
8.08 ± 0.06b
7.95 ± 0.15b
7.85 ± 0.22bc
7.38 ± 0.07d
7.25 ± 0.16d
7.12 ± 0.09d
7.00 ± 0.06de

Weight, g, of
grains per spike

1000 grain

Number of kernels per spike

Harvest index

1.64 ± 0.08a
1.44 ± 0.07b
2.03 ± 0.10c
1.45 ± 0.07b
1.53 ± 0.08b
1.63 ± 0.09a
1.49 ± 0.06b
1.48 ± 0.08b
1.55 ± 0.07b
1.63 ± 0.09a
1.55 ± 0.08b
1.42 ± 0.07b

47.7 ± 1.27a
42.6 ± 0.93b
52.5 ± 0.83c
37.1 ± 0.06d
47.8 ± 0.88a
48.9 ± 0.58a
46.7 ± 0.66a
46.8 ± 0.92a
44.9 ± 1.30e
49.9 ± 0.86f
44.6 ± 0.90g
40.9 ± 0.88h

34.2 ± 1.40a
33.4 ± 1.28a
38.3 ± 1.73b
38.3 ± 1.46b
31.5 ± 1.42a
33.0 ± 1.52a
31.8 ± 1.12a
31.2 ± 1.42a
35.3 ± 1.75b
32.1 ± 1.64a
34.1 ± 1.48a
34.3 ± 1.59a

0.52 ± 0.01a
0.55 ± 0.01b
0.53 ± 0.01a
0.54 ± 0.01ab
0.50 ± 0.02a
0.51 ± 0.01a
0.52 ± 0.01a
0.54 ± 0.01ab
0.50 ± 0.01a
0.51 ± 0.01a
0.54 ± 0.01ab
0.52 ± 0.01a

Note: the values indicated with the same Latin letters, are not statistically significant (P < 0.05).
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Fig. 2. The dynamics of changes in the density of shoots, shoots per m2, of winter wheat varieties and lines at anthesis, at
milky-wax ripeness (MWR) and full ripeness (FR) of the kernel in the growing season of 2017/2018. Here and in Fig. 3 the
varieties and lines are indicated as follows: I – Pochayna, II – Kyivska 17, III – Hospodarka, IV – UK 2127/15, V – Shchedrivka Kyivska, VI – Darynka Kyivska, VII – Dobroslava, VIII – Krasnopilka, IX – Perlyna Lisostepu, X – Smuhlianka,
XI – Poradnytsia, XII – UK 392/15; the values indicated with the same Latin letters and numbers, are not statistically significant (P < 0.05): lowercase and letters uppercase, resp., at anthesis and at MWR, numbers – at FR

canopy decreased by 16–30 %, reflecting rather considerable excessiveness of productive bushiness. The
degree of reduction of productive stems at these phases
had a low correlation with the yield, too (r = –0.30).
The highest difference in yield (24.7 %) between
studied varieties and lines, under conditions of high
temperature and drought may be explained by the differences in their potential productivity, as well as differences resistance to unfavorable factors. Photosynthesis is one of the processes of the plant organism that
is most sensitive to drought. Water deficiency causes
considerable damage to the photosynthetic apparatus and thus decreases carbon assimilation [26–28].
Moreover, under drought conditions, the demand for
assimilates, which are necessary for the functioning
of protective mechanisms and additional respiration
costs, increases. In particular, when photoassimilates
are significantly reduced, nonstructural carbohydrates
are consumed for cellular survival, including respiratory metabolism and osmotic adjustment [29]. There
is also an increased need for additional synthesis of
some metabolites, for example, sugars, organic acids, low-molecular-weight osmolytes for the protection of plants from stress [29–31]. Taking the above
mentioned into consideration, we have analyzed the
changes in traits, characterizing the canopy assimilation surface of winter wheat genotypes under drought
conditions during the period GS 30–49.

from a unit area of canopy. It is determined by leaves
weight per shoot and the number of shoots per m2. The
leaf fresh weight of the studied winter wheat genotypes per m2 at anthesis, varied from 457 to 845 g/m2
(Fig. 3, a). For the most productive varieties and lines
this value exceeded that of the least productive varieties and lines by 30 % on average. At milky-wax ripeness, leaf fresh weight of the more productive genotypes fluctuated from 119 to 219 g/m2, whereas of less
productive ones – from 55 to 100 g/m2 (by 136 %).
Thus, the differences between genotypes for this index
were most expressed at last stage.

The area of the canopy, capable of СО2 assimilation,
may be characterized by fresh weight of green leaves

The total (a+b) chlorophyll content in the leaves of
the investigated varieties and lines of winter wheat
at anthesis fluctuated in the range of 3 mg/g of fresh
weight, except for three genotypes (Fig. 3, b). It was
lower (2.51–2.88 mg/g of fresh weight) for varieties
Darynka Kyivska, Dobroslava, Poradnytsia, and UK
392/15. At milky-wax ripeness the total chlorophyll
content for three highly productive varieties and
lines (2.28 ± 0.01, 2.20 ± 0.06 and 2.62 ± 0.04 mg/g
of fresh weight, respectively) exceeded the values of
the least productive ones (1.72 ± 0.06, 1.21 ± 0.04 and
1.58 ± 0.17 mg/g of fresh weight, respectively) by
57 %. It proves that the differences between genotypes
by chlorophyll content were also more expressed in
late stages of ontogenesis. Total leaf carotenoids content for most varieties and lines of winter wheat at anthesis was 0.50 mg/g of fresh weight, minimum value
for variety Poradnytsia (0.44 mg/g ± 0.02), maximum
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Fig. 3. The traits of canopy assimilation surface capacity of winter wheat genotypes at anthesis (1) and milky-wax ripeness
of grain (2): a – fresh weight (FW) of green leaves of winter wheat plants per m2, g/m2, b – total (a+b) chlorophylls content
in green leaves, mg/g fresh weight, c – chlorophyll index (total amount of chlorophyll) of green leaves of winter wheat plants
per m2, g chlorophyll/m2. Growing season 2017/2018. The values indicated with the same Latin letters, are not statistically
significant (P < 0.05): lowercase letters – at anthesis, uppercase – at MWR

one for Hospodarka (0.61 mg/g ± 0.01), at milky-wax
ripeness the total carotenoids content varied from 0.27
to 0.57 mg/g. The content of this group of photosynthetic pigments is significantly less than that of chlorophyll (16–20 % at first stage and 22–31 % at second).
Since no specific patterns of carotenoids influence with
productivity were revealed, the data on this content
were not presented here.

ference between the most contrasting genotypes
Kyivska 17 and UK 2127/15 (0.48–0.54 g of chlorophyll/m2) and Dobroslava, Perlyna Lisostepu, Smuhlianka, Poradnytsia, and UK 392/15 (0.02–0.17 g of
chlorophyll/m2) at milky-wax ripeness increased considerably: 3.5 times on average.

The highest chlorophyll index of canopy leaves (the
total amount of chlorophyll in the leaves of wheat
plants per m2 of soil) at anthesis was 2.4–2.5 g chlorophyll/ m2, the least – about 1.5 (Fig. 3, c). The dif-

The statistical analysis of the traits, characterizing
canopy assimilation surface, demonstrated that the
variability of leaves fresh weight and their chlorophyll
traits at anthesis was average: 7–19 % (Table 3). The
variability of all investigated traits at milky-wax ripeness increased: variation coefficients fluctuated from
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27 to 62 %. Thus, at this stage their variability became
significant [25].
To establish whether the difference in productivity of varieties and lines of wheat was related to the
variability of the investigated traits of photosynthetic
apparatus, the closeness of their correlation with the
grain productivity was analyzed (Fig. 4). Significant
correlation between total chlorophyll content and
yield (R2 = 0.06 and 0.35) not was found (Fig. 4, b).
The fresh weight of green leaves of winter wheat
plants per m2 (Fig. 4, a) at anthesis and milky-wax
ripeness were strongly correlated to yield (respectively, R2 = 0.47 and 0.50). The coefficients of determination between total chlorophyll amount and a canopy
grain productivity at both stages were even higher:
R2 = 0.59 and 0.55 (Fig. 4, c).
The correlations analysis demonstrated that chlorophyll index of winter wheat leaves positive related to
the number of kernels per m2, too (Table 4).

Fig. 4. The dependence of winter wheat yield on the fresh
weight of green leaves of winter wheat plants per m2, g/
m2, (a), chlorophyll content, mg/g of fresh weight, (b),
chlorophyll index of its canopy, g of chlorophyll/m2, (c) at
anthesis (1) and milky-wax ripeness (2). Growing season
2017/2018
Table 3. The coefficients of variation ( %), of canopy assimilation surface traits of winter wheat genotypes at anthesis
and milky-wax ripeness of grain
Growth stages
Traits of canopy assimilation
surface

Total chlorophyll content
of green leaves
Fresh weight of green leaves
of winter wheat plants per m2
Chlorophyll index of green
leaves of winter wheat plants
per m2
24

anthesis

milky-wax
ripeness of
grain

7

27

18

51

19

62

Thus, we found that the varieties and lines of wheat
with a high chlorophyll index (higher than 2 g of chlorophyll/m2 at anthesis and 0.4 at milky-wax ripeness)
had a higher yield (Fig. 3, с, Table 2). The relation between the (sub)optimal or increased functioning of the
assimilation apparatus and the realization of genetic
yield potential of wheat was also noted by other researchers [32–34]. The highest yield of genotypes with
a high chlorophyll index at anthesis may be related
to the capability of accumulating photoassimilates in
stems [35, 36]. On one hand, this accumulation of the
«excess» of assimilates in stems may promote the increasing of rate of photosynthesis at anthesis, when the
demand for them from the spike is still not high [7].
On the other hand, at late stages of ontogenesis, nonstructural carbohydrates that accumulated at anthesis in
the stem, may be the additional source of assimilates
for grain filling [37, 38].
Higher yield of varieties with a higher chlorophyll
index at milky-wax ripeness may be related to longer
maintenance of active functioning of the canopy photosynthetic apparatus (i.e. delaying senescence), at later
stages of the vegetation period. The fact that the delay
in the senescence of leaves promotes elevated yield is
demonstrated by the finding that transgenic tobacco
plants perform better/longer, with a higher capacity
of synthesizing cytokinins, and inhibition of the expression of specific senescence genes at the same time
[39]. It was established that mutants lines of durum
wheat with delayed leaf senescence, selected from
AGRICULTURAL SCIENCE AND PRACTICE Vol. 6 No. 2 2019
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Table 4. Correlation coefficients between winter wheat yield/number of kernels per m2 and the traits of assimilation surface
at anthesis and milky-wax ripeness (MWR) of grain of 10 varieties and 2 lines in growing season 2017/2018

Traits of canopy assimilation surface

Stage

Correlation coefficient with standard
deviation (SD)
with yield

with number
of kernels per m2

Fresh weight of green leaves of winter wheat plants per
m2

Anthesis
MWR

0.69 ** ± 0.18 #
0.71 ** ± 0.17

–
–

Total chlorophyll content of green leaves

Anthesis
MWR

–
–

–
–

Chlorophyll index of green leaves of winter wheat
plants per m2

Anthesis
MWR

0.77 ** ± 0.15
0.74 **± 0.16

0.62 * ± 0.25
0.64 * ± 0.24

Note. Insignificant correlation; * and **– significant correlation, respectively, at P < 0.05 and at 0.01. # : standard deviation.

CONCLUSIONS

seed mutagenized with ethylmethane sulphonate, had
higher seed weights and grain yields per plant than the
parental line, too [40]. Moreover it was also found that
wheat variety Chuannong17 carrying the wheat-rye
1BL/1RS translocated chromosome, which prolonged
duration of active functioning of leaves, with higher
rate of photosynthesis (12.5–12.6 μmol CO2/m2s), had
a higher total grain weight per plant (12.4–13.0 g per
plant), than control genotype Mianyang11 without
the rye chromosome (5.7–5.8 μmol CO2/m2s and 8.2–
8.9 g per plant, respectively) [41]. Significant (at the
P ˂ 0.01) correlation coefficients between rate of photosynthesis, as well as flag leaf area duration from anthesis to maturation and total grain weight per plant,
confirms the positive effect of prolongation of the period of leaf functioning on the grain productivity. It
was also found, that decrease in formation of photo
assimilates in the period of grain filling or a change
in source-sink balance led to decrease in yield. So, it
was shown that an artificial shading of plants during
period GS 55–61 reduced grain dry matter yield with
93 g/m2, and during period GS 71–87 with 281 g/m2
[32]. Increase of source-sink ratios, when spikes were
hand trimmed with 35–36 %, reduced grain yield
with 23–40 % at two different locations [35]. A considerable delay in flag leaf senescence, however, did
not affect yield and kernel weight of transgenic lines
of wheat with reduced expression of transcription factor homologs NAM-B1. In this case the authors [42]
related it to the fact that in transgenic lines grain productivity was limited to the capability of grain to accumulate starch, and additional photo assimilates remained in stems, whereas in control plants they were
re-mobilized for grain filling.

The publication contains the results of studies, conducted in the framework of the project, financed by
the Cabinet of Ministers: «Supporting the development of priority trends of scientific studies» (KPKVK
6541230).
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In our experiments, reported in this article it was
established that the variability of traits of canopy assimilation surface in modern Ukrainian varieties and
lines of winter wheat increased considerably in late
stages of grain filling as compared to anthesis. A close
positive correlation between the canopy assimilation
surface capacity traits (leaf fresh weight of plants per
unit area of canopy and the canopy leaves chlorophyll
index) at milky-wax ripeness of 12 winter wheat
genotypes was found under conditions of insufficient
precipitation and elevated air temperature during the
period, when the reproductive organs formed. A significant correlation between canopy leaves chlorophyll index at this stage and yield in years with other
meteorological conditions was also established by
us in a previous study [19]. Consequently, the data
obtained in the present study further support the hypothesis that the maintenance of canopy photosynthetic activity at milky-wax ripeness is associated
with an increased yield of winter wheat grown under
different environmental conditions, including drought
stress. The leaves fresh weight of canopy and canopy
leaves chlorophyll index at milky-wax ripeness can be
used as markers of grain productivity of winter wheat
under drought stress, as well as for the possible development of molecular genetic criteria of breeding,
based on these phenotypic characteristics.
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Мета. Порівняльний аналіз параметрів асиміляційного
апарату сортів і ліній озимої пшениці за умов підвищеної температури повітря та нестачі опадів у період закладки репродуктивних органів для пошуку ознак, пов’язаних з високою продуктивністю. Методи.
Польовий, морфометричний, спектрофотометрический,
статистичні. Результати. Максимальні відмінності по
врожайності між сортами, що росли за умов недостатнього водозабезпечення в період закладки репродуктивних органів, становили майже 25 %. Найбільшою продуктивністю за таких умов характеризувалися нові сорти
Почайна, Гоcподарка і Київська 17, що сформували
високий урожай 8,6–8,7 т/га та мають високі показники
розвитку асиміляційної поверхні в розрахунку на одиницю площі посіву. Встановлено, що, в середньому, в
фазу цвітіння найбільш врожайні сорти перевищували
найменш урожайні на 30 % по масі листків рослин з
одиниці площі посіву, на 24 % по вмісту хлорофілу і на
60 % за величиною хлорофільного індексу. У фазу молочно-воскової стиглості відмінності між сортами істотно зростали – до 136 % по масі листків рослин з
одиниці площі посіву, 57 % за вмістом хлорофілу і
350 % за величиною хлорофільного індексу посіву. Виявлено тісну позитивну кореляцію показників потужності розвитку фотосинтетичного апарату посіву в репродуктивний період з урожайністю сортів і ліній озимої пшениці. Висновки. Отримані результати свідчать,
що маса листків рослин з одиниці площі і хлорофільний
індекс посіва у фазу молочно-воскової стиглості можуть бути використані в якості маркерів зернової продуктивності озимої пшениці, а також для розробки молекулярно-генетичних критеріїв селекції і оцінки генотипів озимої пшениці на високу продуктивність.
Ключові слова: Triticum аestivum L., асиміляційна
поверхня посіву, хлорофільний індекс, урожай.
Взаимосвязь между показателями мощности
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Цель. Сравнительный анализ параметров ассимиляционного аппарата сортов и линий озимой пшеницы при
действии неблагоприятных условий в период закладки
репродуктивных органов для поиска признаков, связанных с высокой продуктивностью. Методы. Полевой,
морфометрический, спектрофотометрический, статистические. Результаты. Максимальные различия по урожайности между сортами, которые росли в условиях
недостаточного водоснабжения в период закладки репродуктивных органов, составляли почти 25 %. Наибольшей продуктивностью в таких условиях характеризовались новые сорта Почайна, Господарка и Киевская 17, сформировавшие высокий урожай 8,6–8,7 т/га
и имеющие высокие показатели развития ассимиляционной поверхности в расчете на единицу площади
посева. Установлено, что, в среднем, в фазу цветения
наиболее урожайные сорта превышали наименее урожайные на 30 % по массе листьев растений с единицы
площади посева, на 24 % по содержанию хлорофилла
и на 60 % по величине хлорофилльного индекса. В
фазу молочно-восковой спелости различия между сортами существенно возрастали – до 136 % по массе
листьев растений с единицы площади посева, 57 % по
содержанию хлорофилла и 350 % по величине хлорофилльного индекса посева. Обнаружена тесная положительная корреляция показателей мощности развития фотосинтетического аппарата посева в репродуктивный период с урожайностью сортов и линий озимой пшеницы. Выводы. Полученные результаты свидетельствуют, что масса листьев растений с единицы
площади и хлорофилльный индекс посева в фазу молочно-восковой спелости могут быть использованы в
качестве маркеров зерновой продуктивности озимой
пшеницы, а также для разработки молекулярно-генетических критериев селекции и оценки генотипов озимой пшеницы на высокую продуктивность.
Ключевые слова: Triticum аestivum L., ассимиляционная поверхность посева, хлорофилльный индекс,
урожай.
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Aim. To substantiate the approaches to activating export transactions in the market of pig breeding products, determining the
indicators of competitiveness of the main kinds of meat and relative competitiveness of pig breeding products in the leading
countries based on the identification of factors, restraining the export of Ukrainian pig breeding products, and elaborating the
suggestions on eliminating their negative impact on the dynamics of foreign economic activity in the industry. Methods. The
methodological approaches of the study were based on the information about the volumes of foreign trade, mainly used for
international comparison and determined for each commodity or commodity group. The Relative Export Advantage Index
(RXA), the Relative Import Penetration Index (RMP) and the Relative Trade Advantage Index (RTA) were determined while
estimating competitive advantages of pig breeding products. The study involved a comprehensive comparative analysis of the
main kinds of meat products in the external market using the model of “food independence – competitiveness”. The index of
food independence was used along with the generalizing index of competitiveness for some kinds of meat products – the modified Balassa index. It was determined that it was reasonable to determine the level of food independence based on food selfproduction within the range of 70–80 % from the commodity resources of the domestic food market. Our study involved the
data of the informational database of the State Statistics Service of Ukraine and FAO regarding the volume of export-import of
pig breeding production. Results. It has been proven that there are no competitive advantages of Ukraine’s pig breeding production in external markets; there is insufficient food independence on the background of potential advantages for the expansion
of export, in particular, that of cheap fodder and logistics. A considerable decrease in the exchange rate for hryvnia compared
to foreign currencies of the leading countries creates prerequisites for successful promotion of Ukrainian pork both in domestic
and foreign markets. The need of monitoring the implementation of food independence criteria and diversification of export
specialization of the country was substantiated. In the long-term perspective, it is reasonable to optimize the level of protection
for the market of pig breeding products, to stimulate domestic production, to distribute the instruments of state support for the
“green box”. It has been proven that the main directions of supporting the export of domestic agrarian products should become
as follows: facilitating export procedures; expanding assortment and accessibility of financial services; developing the supporting infrastructure; informational support for exporters; conducting research and implementing support programs; the activity of
the system of credit-insurance institute and trade representations should be carried out in a single complex via determining the
potential market and financial-insurance support for the export. Conclusions. The method of two-criteria analysis of the status
of domestic market for meat products based on the indices of food safety and international competitiveness has been developed
and tested which will promote complex estimation of positions of some kinds of commodities in external market. The model of
two-criteria analysis allows substantiating effective instruments of state regulation and protecting the relevant market of products. The method of two-criteria analysis of meat products is universal, i.e. it may be used to determine the positions of different
commodity groups in the external market. The evaluation of competitiveness of the main kinds of meat products – pork, beef and
poultry meat – demonstrated the absence of competitive advantages of pig breeding production in external markets and insufficient food independence. The factors, restraining the expansion of pork export, were systematized and divided into three main
groups: technological; normative and regulatory; veterinary, and the ways of eliminating them were specified. The measures of
creating favorable export-institutional environment were elaborated and the main directions of supporting export of domestic
pig breeding production were suggested.
Keywords: competitive advantages, trade advantages, export, import, pig breeding production, export credit agency, export
promotion, export infrastructure.
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INTRODUCTION
Considering European integration of domestic
economy and implementation of the system of international division of labor, there is a need of accepting
and implementing economic leverage of protecting
domestic market, ensuring immediate state promotion
for small commodity producers, decreasing export
fees and ensuring the quality and safety of agrofood.
As a result, it is necessary to activate the measures of
state regulation for indirect support, such as stimulating scientific research, pest control, conducting measures, aimed at prevention and elimination of African
swine fever and other antiepizootic measures of controlling the diseases of animals; training the personnel; providing the services of promoting commodities to external markets; developing infrastructure;
governmental involvement in insurance programs
and increasing the income of commodity producers;
envisaging aid after natural disasters, implementing
programs of regional support, etc.
Therefore, the liberalization of agrofood market requires improving the measures of state regulation and
elaborating strategies to develop specific industries and
commodity markets in a long-term perspective. Taking
into consideration the fact that under liberalization conditions the impact of external economic factors on domestic economy is considerable, it is reasonable to use
the methods of estimating the effect of foreign trade on
the balance of domestic market, determining competitive advantages of commodities and directions of their
enhancing and forming new ones to substantiate the
strategies of developing commodity markets, including
pig breeding production.
It is evident that fiercer competition in the global market of pig breeding production requires revising current
approaches to organization and functioning of the system of selling commodities and providing services of
promoting the entry of economic subjects into external
markets and their activity thereon, based on re-thinking
and searching for the directions of minimizing negative
effect of the factors, which may be viewed as restraints
in the process under investigation. The consideration
of the issue of competitive advantages of pig breeding
production reveals the urgency of the issues of enhancing the level of adaptability and efficiency of business
processes, thus, there is an urgent need of searching
for additional possibilities of further decreasing the expenses and cost price of commodities, while increasing the rate of quality. Regardless of the thought that
weaker exchange rate of hryvnia may create price-re30

lated advantages for domestic pig breeding producers,
this advantage should actually be considered as a temporary benefit, which highlights the need to consider
the issue of activating export potential of pig breeding
industry based on the estimation of competitive advantages of pig breeding products and substantiating the
directions of enhancing them and forming new ones.
Thus, at present there is a need of conducting a comprehensive analysis of both negative and positive aspects
of the results of liberalization and globalization, as well
as the analysis of internal possibilities of the industry
in terms of expanding quality and safe production and
developing and adapting efficient instruments of regulating export transactions which would allow avoiding
negative effects and ensuring balanced development of
markets for pig breeding production.
It should be noted that the issue of activating export
potential of agrarian sector of economy, including pig
breeding production, is extremely urgent for both domestic and foreign researchers. Firstly, we would like
to consider the positions of domestic scientists who believe that the priority direction of enhancing competitive advantages in foreign markets should be state support for the agrarian sector in the form of developing
the marketing aspect of «the green box» of WTO [1].
We share the opinion that the development of instruments of regulating foreign economic activity should
envisage careful estimation of export specialization
of agrofood complex, giving preference to the export
of commodities with high added value [2]. As for the
possibilities of forming export potential of pig breeding industry, noteworthy is the position of researchers,
who claim that domestic production of pig breeding
industry may be competitive in external market due to
its high quality and favorable ratio of prices for grain
(the main fodder) and live animals [3]. Our evaluation
of reviewed scientific studies has yielded a conclusion
that there is a current need to diversify external channels of supplying pig breeding products by agricultural
producers of commodities on condition of improving
epizootic situation in the country. In addition, it should
be taken into consideration that both external and internal markets have changed considerably which requires
substantiation of strategic approaches to changing the
vector of sales for pig breeding products in the external
market [4].
While summarizing scientific positions of foreign researchers on the issues of ensuring competitiveness of
pig breeding products, it has been established that one
of the instruments of achieving long-term competitive
AGRICULTURAL SCIENCE AND PRACTICE Vol. 6 No. 2 2019
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advantages is deepening integration processes in the
chain of supplies of pig breeding products which promotes larger supplies of pork to domestic and external
markets and increasing added value [5].

of material resources and finishing with the delivery of
finished products to end customers, following ecologic
requirements to the storage and use of by-products and
utilization of waste and loss of cattle [10].

The results of studies of foreign scientists demonstrate that vertical and horizontal integration are of priority significance in enhancing competitiveness while
supplying meat to external markets. The presence
of two types of industrial systems of pork supplies
in the world which are less integrated, for instance,
in many western European countries, and industrial
systems, based on contracts and vertical integration
in such countries as the USA and Denmark, proves
the need for more intense vertical coordination, and
unstable relations between the chain participants on
some European markets are viewed by scientists as an
outdated model [6].

Noteworthy is the experience of regulating the market of pig breeding production in Hungary, where a
strategic program of industry development has been
developed, envisaging the main directions to be the development of pig breeding production on the principles
of stability, achieving a balanced industry structure and
forming long-term partner relations with all its participants [11]. We believe that the directions, outlined in
this program, are of immediate interest for Ukrainian
pig breeding industry as well.

It is evident that under conditions of stronger destructive phenomena in pig breeding industry the successful integration of Ukraine into the global market of pig
breeding production will be ensured by efficient instruments of state economic regulation of the industry
which will promote seizing the potential possibilities,
as the country is ranked 24th in the world in terms of
pork production, and 6th in terms of pork consuming
per one person – 21.5 kg a year. It is noteworthy that
low efficiency indices in pork production and difficulties in ensuring high values of added value are also
observed in eastern Europe. For instance, the market
of Poland’s pig breeding production is remarkable for
high volatility of prices which does not provide for stable profitability of pig breeding and the rate of income,
received by the operators from the slaughter of pigs. A
problem in pig breeding industry of the country is high
consumption of fodder per unit of production which
conditions excessive use of fodder due to insufficient
quality [7]. Noteworthy is the fact that while feeding
pigs, most farmers of Poland and Hungary prefer fodder, grown by them, which conditions its imbalance in
terms of nutrients [8]. Due to this fact, farmers of the
mentioned countries cannot compete with the producers from the leading countries, this problem is getting
worse due to unsolved issues in ensuring the quality
and safety of commodities, meeting the requirements
of biosafety on farms as well as social and ecologic
requirements [9].

It should be noted that at present Poland and Hungary
cover domestic consumption with their domestic production. However, in 2009 the rate of meeting the consumers’ needs for pig breeding production in Poland
was under 100 %, mainly due to decreased volumes of
production, caused by unfavorable price conditions in
previous years. Czech Republic and Slovakia currently
do not meet the demand for pork of their domestic markets, which is mainly conditioned by the decreased volumes of production, increased cost price due to higher
cost of initial resources [12]. It is evident that the issue
of low competitiveness due to high rate of industrial
expenses is unsolved in Ukraine as well.
Foreign scientists study the consumers’ buying activity in the market of pork and investigate its most important factors – consumers’ preferences, volume and
distribution of the cumulative income of the household.
The obtained results demonstrate high correlation dependence between the level of GDP per person and the
consumption of animal proteins per person. It is known
that in the past the main purpose for food producers,
including pork meat, was production of cheap and safe
food. However, these requirements are now covering
other relevant factors, including stable production,
welfare of animals, ethical procedures, etc. The highest
expansion of these requirements is remarkable for European markets. This creates considerable pressure on
increasing the expenses of European enterprises which
is one of the sources of decreasing their competitiveness in global markets [13].

It should be highlighted that in current conditions the
factors of ensuring competitiveness of Ukrainian animal breeding production, including pig breeding, are
innovations for all the processes, starting from supplies

The entry to external markets requires consideration of
specificities of the consumers’ buying activity. The studies of European scientists demonstrate that in addition
to consumer-oriented characteristics of meat, consumers’ income and structure of its distribution, a relevant
factor in the markets of EU member-states is ensuring
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high quality and safety of products which is achieved by
introducing the system of quality management on all the
stages of pig breeding production supplies [14].
Potential possibilities for domestic producers, searching for new market segments, are studied in the field of
organic pork. Foreign studies raise the issue of identifying organic products of pig breeding, as, for instance,
in Germany a large share of organic products of animal
breeding is produced using imported protein fodder. At
the moment of selling products of animal origin, the
information about the quality of fodder used for their
production is usually not indicated. As a result, consumers prefer local organic products of animal breeding, produced using local fodder [15]. Therefore, it is
relevant for Ukrainian producers of organic pork to
meet the requirements of organic production.
MATERIALS AND METHODS
Our study involved the data of the informational database of the State Statistics Service of Ukraine and
FAO regarding the volume of export-import of pig
breeding production. The methodological approaches
of the study were based on the information about the
volumes of foreign trade, mainly used for international comparison and determined by each commodity
or commodity group. As competitiveness is a relative
category, the indices, based on absolute values (market
share, export volume, etc.) do not provide sufficient information about the competitive position of a particular
kind of products or industry in the national economy.
We believe that the indices, based on comparing one
sector against others, are more informative. It is noteworthy to distinguish the Relative Export Advantage
Index (RXA), the Relative Import Penetration Index
(RMP) and the Relative Trade Advantage Index (RTA)
[16–19] among the indices of estimating competitive
advantages of specific kinds of products, most frequently used by foreign scientists.
As the products of pig breeding form consumer needs
in meat industry, we consider it reasonable to compare
its competitive advantages against beef and poultry.
According to this methodological approach, RXA for
beef, poultry and pork is determined by the formula:
where Х – export, i – country, j – commodity, n – total
of countries, k – total of commodities.

of meat products (pork, beef, poultry meat) and the
share of this country in the global export of all the meat
products. It should be stated that the specifics of this
estimation lie in the fact that the volume of global export of meat products is always determined as the sum
of export of all the countries, except for the one under
investigation. Similarly, the sum of the global export
is deducted the value of the export of the investigated
kind of products which allows avoiding double counting (in case if the volumes of exported meat products
of the country are both the numerator and a part of denominator). This aspect is also reasonable if a country
has a considerable share in the global trade and/or the
investigated kind of products covers a great part of the
global export.
RXA index is interpreted as follows: if it is > 1, the
country has comparative advantages in terms of exporting the investigated product, if RXA < 1, it demonstrates the absence of competitive advantages.
RMP is similar to RXA in its essence with the only
difference being that the former index takes into consideration the volumes of import, defined as М:

If the value of RMP is > 1, the dependence on import is high (there is a competitive disadvantage), if it
is < 1 – it is low (there is a competitive advantage).
It should be noted that RMР may be deceitful (nonobjective), as its value may be considerably distorted
due to the effect of protection instruments of the domestic market. It is obvious that on condition of prohibiting import, or using high rates of import levy,
this index will reflex a high level of competitive advantages, whereas the contrary notion is fair. A similar
drawback is also remarkable for RXA. If, for instance,
a country is only a transit country, RXA may reflect a
high level of competitive advantages, which will not
reflect the reality. From this standpoint, it is relevant
to consider what exactly is deemed to be export, as,
unfortunately, there are significant differences between
countries during accounting and classification of foreign trade transactions.
The indices of export and import of some commodity
are taken into consideration simultaneously while estimating RTA, which is made according to the formula:
RTAij = RXAij–RMPij

(3)

The RXA index is determined as the ratio between
the country’s share in the global export of some kind

where RXAij – the Relative Export Advantage of icommodity in j-country; RMPij – the Relative Import
Penetration of the import of i-commodity in j-country.
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Here, the positive value of this index indicates relative advantages in foreign trade, and the negative
one – relative disadvantages. Obviously, it is important to use the volumes of both export and import in
the estimations of competitiveness, taking into consideration the increase in the volumes of intra-industry trade.
We have conducted a comprehensive comparative
analysis of the main kinds of meat products in the
external market by the model of «food independence – competitiveness». We have taken the index of
food independence (F) as an index of food independence:

where, x – volumes of exporting a specific kind of meat
products from the country; m – volumes of importing a
specific kind of meat products into the country; p – volumes of domestic production of a specific kind of meat
products in the country; s – change in the volumes of
stock of a specific kind of meat products in the country;
n – a minimal share of a specific kind of meat products
of domestic production.
We believe that the modified Balassa index, i.e. one
of the variants of comparative advantages (RCA),
should be accepted as an index of competitiveness:

xij – volumes of exporting a specific kind of meat products (j) from the country i; mij – volumes of importing
a specific kind of meat products (j) into the country i;
Σxij– cumulative volume of export of meat products
from the country i; Σmij – cumulative volume of import
of meat products into the country i.
The use of natural logarithm in calculating both indexes widens the possibilities of cluster analysis, as it
will allow distributing the values of indexes of food independence (F) and revealing comparative advantages
(RCA) in the area of positive and negative values. This
approach will facilitate the comparison of indexes F
and RCA, which will provide for clear division of food
products into clusters.

The vertical and horizontal lines, corresponding to
the threshold values of the criterion, are drawn on the
coordinate plane to conduct the analysis. Threshold
values become evident due to the use of both indexes of
a natural logarithm in the formulas. It should be noted
that another approach may be used to determine threshold values of the criteria. For instance, the average indices by the investigated sampling may be accepted as
threshold values, which will allow dividing the coordinate space into segments in a more proportional way.
The determination of a maximal (minimal) admissible level for each index is a relevant methodological issue. As for the index of food independence, if the
share of agricultural raw material and food of own production in the total volume of commodity resources of
domestic market exceeds the set normative index, then
F > 0. In case of excessive import dependence and decrease in domestic production to the level, set by the
government of the country, F < 0.
In our estimates the minimally admissible level of
food independence may be interpreted in different ways
for different food products depending on the level, on
which food provision for the market based on own production may or should be achieved. It is evident that the
level of food independence in the industry is deemed to
be self-production within the range of 70–80 % from
the commodity resources of the domestic food market.
In addition to the mentioned methodological approach, while conducting this study we have used
general and special economic methods: induction and
deduction, generalizing the systemic approach to phenomena while determining the factors and vector of
their effect on potential possibilities of activating export activity in pig breeding as well as statistical-economic method while studying the dynamics of export
and import of meat products of Ukraine.
RESULTS AND DISCUSSION

Let us apply the results of two-criteria analysis for
food market to the plane with the axis of abscissa,
which corresponds to the index of food independence
(F), and the axis of ordinates, which corresponds to
the index of revealed (open) comparative advantages
(RCA).

According to the forecast of the US Department of
Agriculture, in 2019 the global pork production will
increase by 1 % and amount to 114.6 million tons due
to the increase in the production volumes of China and
the USA. This situation is conditioned by the increasing consumers’ demand for pork in most countries.
However, the spreading of African swine fever in the
world has led to slowing down the tempo of increasing the production volumes compared to the previous
year. It is noteworthy that there is a forecast increase in
the global export by 3 % due to higher global demand
and decrease in the prices for pork, although in 2018
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the volumes of global export increased by 6 % [20].
However, current situation in the global market demonstrates potential possibilities for domestic producers
in terms of export which may be possible on condition
of enhancing its competitive advantages both in the domestic and external markets.
At the same time, global volumes of export in 2019
are forecast 8 % higher compared to the previous year,
which is conditioned by higher demand from China and
stable economic growth in most major markets of pork.
It should be noted that EU member-states will remain
the largest exporters, the volumes of supplies of which
increased by 11 % compared to the previous year. The
countries, ensuring the fastest increase in pork export,
starting from 2013, have been as follows: Hong Kong
(by 214.3 %), Spain (by 28.3 %), Brazil (19.4 %), Ireland (19.1 %) and Mexico (18.7 %) [21].
China remains the country with the highest demand,
the forecast of the increase in import volumes is 41 %
due to the decrease in domestic production because of
African swine fever. A similar tendency is forecast regarding Japan, which will also increase her import due
to high demand for red meat. The decrease in tariffs
within the framework of new free trade agreements
will also stimulate the demand for pork in Canada and
EU. After record-high 2018, Korea will decrease its
import due to large reserves and increasing competition
from its domestic production [22]. Taking into consideration the trends of development of global pork market requires determining actual positions of Ukrainian
agents thereon and scientific substantiation of realizing
non-used possibilities in enhancing international competitiveness.
Let us consider the tendencies of export-import of
meat products, including pig breeding products, in
Ukraine (Table 1). The data in Table 1 demonstrate that
in 2018 over 88.3 % of export volumes was poultry
meat, and the supplies of meat products of pig breeding took an insignificant share, which proves the need
to substantiate the directions of enhancing competitive
advantages of the products in external markets.

of export activity of domestic operators, on the one
hand, and activation of pork import, on the other hand.
As a result, in 2018 foreign trade balance of Ukraine
in terms of pig breeding products was negative and
amounted to USD 104,368 thousand.
We believe that domestic commodity producers have
potential perspectives of expanding their export of pig
breeding products in the form of relatively cheap fodder and logistics, but these possibilities are not used to
the fullest degree. For instance, Denmark has a higher
density of pigs, but these are fed with Ukrainian grain
and Brazilian soybean meal. We share the opinion of
some scientists that domestic operators do not realize the
potential possibilities while creating added value in the
sphere of supplies of pig breeding industry, including animal breeding industry as a whole [23]. It is evident that
the use of grain products as fodder in animal breeding
will allow creating new jobs, increasing product offers
for different kinds of meat products, enhancing the added value which will promote enhancing the efficiency of
specific participants and budget efficiency.
When Ukraine enters the Free-trade zone, the price
for Ukrainian pork will decrease considerably, and the
cost of fodder will increase instead. According to the
experts, one of the factors, restraining export, is imperfection of approaches to the technologies of managing
domestic pig breeding, organization of management
accounting and controlling the quality and safety of
Table 1. The dynamics of the volumes of export and import
Kinds of products

2008

2009

Export
Beef and veal
Pork
Poultry meat
Share of poultry meat, %

16815
8
8366
33.2

18918
4
18935
50.0

Import
Beef and veal
Pork
Poultry meat
Share of poultry meat, %

31017
225056
256085
50.0

13616
222846
193228
45.0

At the same time, foreign economic activity of
domestic agents in selling pig breeding products in
2018 was rather controversial both for Ukrainian pig
breeding and exporters. The external supplies of fresh,
cooled and frozen pork slowed down compared to 2017
and lagged behind the volumes of intake of imported
pork considerably. Thus, the stabilization of prices at
the new level of domestic procurement prices for pigs
in slaughter condition in 2018 conditioned a slowdown

Note. Source: composed and estimated according to the

34

AGRICULTURAL SCIENCE AND PRACTICE Vol. 6 No. 2 2019

Balance
Beef and veal
Pork
Poultry meat

–14202
–225048
–247719

5302
–222842
–174293
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products. However, a considerable decrease in the exchange rate for hryvnia compared to foreign currencies
of the leading countries creates prerequisites for successful promotion of domestic pork both in domestic and
foreign markets. Let us conduct comparative analysis of
procurement prices for pork in several countries to prove
this conclusion.
The results of our research demonstrate that regardless of global tendencies of decrease in the level
of procurement prices for pork, the remarkable fact
about Ukraine is that due to considerable depreciation of hryvnia compared to the leading currencies of
the world, the rate of procurement prices is less than
1 euro/kg of live bodyweight. This circumstance creates favorable conditions for increasing the volumes
of production and export of pig breeding products by
domestic commodity producers. It should be highlighted that since Ukraine’s entrance to WTO there
is an active basic tariff quota for the supplies of domestic pork to the external market in the amount of
20 thousand tons a year and an additional tariff quota
of 20 thousand tons. In case of exceeding the quota
volume, there is a basic rate of entrance levy, which
depends on products and may fluctuate from 46.7 to
86.9 euro/100 kg of net weight. Live animals have
«zero» duty for export to the EU [24].
In addition, to sell live animals in the EU, Ukraine
should have a relevant permission and approved veterinary certificates, which are currently absent [25].

It is known that foreign economic activity is conducted within the framework of classic international
theories, in particular, the model of comparative advantages and the theory of the ratio of production
factors [16]. A relevant aspect of the theory of comparative advantages is their dynamic nature; comparative advantages are not static, they may become
weaker or stronger with time, including the effect
of economic state regulation. The efficiency of the
arms of regulating foreign economic activity of the
subjects of pig breeding industry requires constant
analysis of the dynamics in the change of comparative advantages, which allows substantiating the directions and mechanisms.
One of the best-known methods of revealing competitive advantages of the country is Balassa index,
developed by the American economist Balassa in
1965 [17]. Among the indices, most frequently used
by foreign scientists, noteworthy are the Relative
Export Advantage Index (RXA), the Relative Import
Penetration Index (RMР) and the Relative Trade Advantage Index (RTA).
We believe that it is reasonable to estimate the volumes of both export and import, i.e. the tendencies of
intra-industry trade, while estimating the competitiveness of a particular kind of products. To estimate the
competitiveness of pork, beef and poultry meat, we
estimated the indexes, characterizing relative competitive advantages in 2008–2016 in the study (Table 2).

of meat products of Ukraine, thousands of US dollars
2010

2011

2012

2013

2014

2015

2016

2017

2018

32065
27169
161284
73.1

35084
3161
240163
86.3

41875
4923
271327
85.3

41772
1756
328968
88.3

11173
78735
61252
40.5

9752
63268
83296
53.3

9586
74843
118310
58.4

10889
106124
130458
52.7

20892
–51566
100032

25332
–60107
156867

32289
–69920
153017

30883
–104368
198510

Expor
13388
611
32457
69.9

12993
12510
49789
66.1

16670
20208
80653
68.6

23661
4619
145458
83.7

21497
9362
174727
85.0
Import

24799
169360
154618
44.3

23101
126470
61096
29.0

15864
272677
114604
28.4

14966
215481
71081
23.6

11137
118272
60986
32.0
Balance

–11411
–168749
–122161

–10108
–113960
–11307

806
–252469
–33951

8695
–210862
74377

10360
–108910
113741

data of the State Statistics Service of Ukraine.
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The estimations in Table 2 demonstrate that the main
kinds of meat products under our investigation have
comparative advantages in terms of export. It should be
noted that the highest value of RXA was obtained for
poultry meat (0.52) and the lowest one – for beef and
veal (0.07). The estimated value of RTA for pig breeding
products was negative (–0.461) in 2016 which demonstrated its relative disadvantages and required substantiating the instruments of enhancing its export potential.
The study revealed that, contrary to other markets
of meat products, the domestic market of pork has a
high level of dependence on import. Let us analyze the
indexes of relative competitiveness of pork in other
countries (Table 3).
The results of our estimates demonstrate that the
highest level of competitiveness is remarkable for pig
breeding producers of Denmark. Other countries are
sensitive to the import of this product onto their domestic markets.

The model of two-criteria analysis of meat products
market – «food independence–competitiveness» was
used by us for the purpose of more detailed analysis of
competitiveness of pork meat. This model is the basis
for the method of substantiating the priority measures
of protecting the investigated market and allows
evaluating the efficiency of using and correcting them
in time.
The model of two-criteria analysis of meat products market – «food independence–competitiveness»
allows us to estimate separate commodity groups. It
should be highlighted that the economic essence of the
threshold value for the index of revealed (open) comparative advantages of the industry (RCA) is based on
the capability of the industry to fill the domestic and
external markets with the products of domestic production more successfully than foreign competitors do.
We used the index of RTA and modified Balassa index, which allow determining the tendency in form-

Table 2. The indexes of relative competitiveness of the main kinds of meat in Ukraine
Index

Year
2008

2009

2010

2011

2012

2013

2014

2015

2016

3.89
0.223
–3.666

3.50
0.054
–3.447

1.53
0.069
–1.463

0.91
0.183
–0.726

0.48
0.015
–0.461

0.16
0.172
0.013

0.10
0.129
0.025

0.09
0.161
0.069

0.07
0.160
0.091

0.77
0.706
–0.065

0.58
0.856
0.272

0.67
0.839
0.171

0.52
1.061
0.541

Pork
RХА
RMА
RTA

3.78
0.000
–3.777

3.47
0.000
–3.473

3.15
0.015
–3.137

1.60
0.195
–1.406

Beef and veal
RХА
RMА
RTA

0.12
0.200
0.081

0.14
0.186
0.049

0.25
0.197
–0.052

0.21
0.160
–0.053

0.15
0.140
–0.015

Poultry
RХА
RMА
RTA

3.42
0.053
–3.372

2.54
0.104
–2.437

2.54
0.280
–2.265

0.55
0.319
–0.232

1.28
0.413
–0.865

Note. Source: calculated using the data of the Food and Agriculture Organization (FAO) of the United Nations and the State
Statistics Service of Ukraine.
Table 3. The indexes of relative competitiveness of pork in several countries, 2016
Index

Denmark

Belarus

Poland

Russia

Ukraine

China

RХА
RMА
RTA

10.006
0.889
9.117

1.150
3.395
–2.245

2.321
5.501
–3.180

0.004
2.777
–2.773

0.48
0.015
–0.461

0.351
0.567
–0.216

Note. Source: calculated using the data of the Food and Agriculture Organization (FAO) of the United Nations.
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ing the competitive advantages of the investigated
products, as an index of competitiveness of the main
kinds of meat products. The estimation of the indexes
of comparative advantages and food independence of
the main kinds of meat products is presented in Table 4.
The data, presented in Table 4, demonstrate that the
highest indexes of revealed competitive advantages
(RCA) were found for beef and veal in 2017 – 1.201,
and the index of food independence was 0.173 (during 2008–2017 it was 0.0764), which proved its low
level that may lead to the loss of food independence on
condition of the absent rational combination of market self-regulation and instruments of state regulation
of the market of beef and veal. It is obvious that enhancing competitive advantages in the external market in terms of this kind of product is ensured due to
the decrease in the purchasing ability of the country’s
population which conditioned the formation of export
potential, however, it should be stated that rational
satisfaction of consumers’ needs in this kind of meat
was not achieved. This is proven by average values of
achieved competitive advantages of beef and veal during 2008–2017, which amounted to 0.0764 only. This
situation demonstrates that the use of this methodological approach to estimating competitive advantages of
the products in external markets requires considering
the actual level of meeting the needs in each competitive case in order to achieve substantiated conclusions.
As for poultry meat, the modified index of competitive advantages was 0.666 in 2017 in case of achieving

food independence – 0.236. It should be noted that in
recent two years there has been a considerable increase
(almost two-fold) in the index of food independence
due to the expansion of industrial capacities of poultry
meat production and increased export of poultry meat.
However, there are considerable delivery volumes of
this kind of product into the country, mostly cheap raw
material for processing enterprises, and trainings.
A contrary situation regarding the competitiveness of
products was determined for pork meat, where the value of the modified Balassa index in 2017 was –3.021.
Thus, pork does not have international competitiveness
and there are considerable volumes of taking this kind
of products onto the domestic market. The obtained
value of the food independence index of –0.019 is critical which demonstrates the dependence on external
supplies of this product. Taking into consideration the
tendency to decreasing meat production volumes of agricultural enterprises and personal households and on
condition of increasing the purchasing ability of population, there may arise a situation of losing food independence. We believe that the most complicated situation is in the market of pig breeding products which
conditions the need of substantiating efficient instruments of increasing commodity supply for this kind of
products and forming export potential.
Following the results of comparative analysis of the
main commodity groups of meat products in the context of indexes of RTA and food independence we can
come to the following conclusions.

Table 4. The dynamics of the indexes of comparative advantages and food independence of the main kinds of meat products
Kind of products

2008

2009

2010

2011

2012

2013

2014

2015

2016

2017

0.040
0.111

0.065
0.274

0.069
0.435

0.105
0.743

0.128
0.919

0.173
1.201

Beef and veal
Index of food independence
Balassa index (for the group
of agroindustrial products)

0.014
0.515

0.039
0.686

0.046 0.040
–0.006 –0.106
Pork

Index of food independence
Balassa index (for the group
of agroindustrial products)

–0.010 –0.007 0.005 0.024 0.024 0.010 0.021 0.050 0.016 0.019
–9.111 –9.453 –5.091 –1.928 –2.621 –3.889 –2.841 –1.380 –3.361 –3.021
Poultry meat

Index of food independence
Balassa index (for the group
of agroindustrial products)

–0.019 0.013 0.024 0.055 0.055
–3.958 –3.027 –1.996 –0.434 –0.945

0.139
0.097

0.166
0.555

0.146
0.373

0.215
0.775

0.236
0.666

Note. Source: estimated according to the data of the State Statistics Service of Ukraine.
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The obtained results demonstrate that poultry meat
has higher competitiveness in the group of meat products, ensuring the index of comparative advantages of
0.541 in 2016 and that of food independence –0.215. At
the same time, beef and veal have a lower level of competitive advantages in external markets – 0.145 with
food independence of 0.128 which is conditioned by
the deceitful situation regarding the formation of export potential in the industry due to limited purchasing
capability of the country in terms of meeting the needs
for this kind of meat. These data demonstrate that pork
meat is not competitive in the international markets as
the index of competitiveness is –0.456 with the critical
level of food independence – 0.016.
As for the results of comparative analysis of the main
commodity groups of meat products by the modified
Balassa index of comparative advantages (RСA) and
food independence, they confirm the abovementioned
conclusions.
In 2017 Balassa index for poultry meat was 0.666 and
that of food independence – 0.236. It should be noted
that this kind of products requires efficient instruments
of supporting export activity of commodity producers
based on the activation of the infrastructure of foreign
economic activity, stimulation of domestic demand until achieving rational consumption.
As for beef and veal, there was high international
competitiveness – 1.201 and low food independence
– 0.128 which demonstrates competitiveness and increased demand for this kind of products in the external market. However, a considerable external demand
and limited domestic demand stimulates export and
may create deficit in the domestic market. This situation may pose a threat to the domestic food provision
and result in considerable financial expenses for import, severe crisis in adjacent and processing industries,
which requires state measures to expand the production
volumes for beef and veal as well as to stimulate consumers’ demand.
There is a threatening situation with pig breeding
production which is not competitive in external markets according to the estimated Balassa index – –3.021
and has critical food independence – 0.019. We believe that state management bodies should monitor the
implementation of food independence criteria and adjust the priorities of export specialization. In the longterm perspective, it is reasonable to optimize the level
of protection for the market of pig breeding products,
to stimulate domestic production, to replace the subsidies within the «yellow box» with the instruments of
38

the «green box», etc. In case of low efficiency of state
instruments of regulating the market of pig breeding
products, there may arise a negative situation when
production volumes will be insufficient and driven out
by import goods flows. Therefore, food independence
of the country in terms of this kind of meat products
will be under the threat, and the main countermeasures
should be market protection instruments.
Thus, having applied different methodological approaches to estimating international competitiveness
of Ukrainian meat products, we have come to the conclusion about non-competitiveness of pig breeding
products in external markets, which brings up-to-date
and proves the need to substantiate the instruments
of state impact on enhancing the efficiency of pork
production and implementing the possibilities of expanding its export.
We believe that the research of foreign trade transactions in the market of pig breeding products should
consider the effect of illegal, so called «gray», import
of pork meat on the balance of the market of pig breeding products. According to our estimates, it covered
about 35–40 % in the structure of raw materials, coming for the production of meat products and sausages
in 2015–2018 [26]. This index has decreased considerably within recent two years. The main consumers
of such raw material are small meat-processing enterprises. It is evident that such competition is destructive
for domestic meat market, most agricultural enterprises
will become unprofitable, and small commodity producers may terminate their activity.
The obtained results of estimating competitive advantages of pork meat require substantiating the directions of enhancing them in the external market. It
would be reasonable to divide all the factors, restraining the expansion of pork export, including export to
the EU member-states, into three main groups: technological, normative and regulatory, veterinary (Figure).
At present most agricultural enterprises and households use simplified technologies of pig feeding, thus
receiving fat pork as a slaughter product, which is not
in demand with the end consumer in the EU memberstates. Therefore, agricultural commodity producers
should change the technologies of pig breeding production, mainly the species composition of agricultural
animals, choosing the species, specialized types and
lines of pigs of meat and bacon breeds.
Traditionally, liquid and dry fodder is used to feed
pigs. High daily gain may be achieved using liquid fodAGRICULTURAL SCIENCE AND PRACTICE Vol. 6 No. 2 2019
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The main groups of factors, restraining the export of pig breeding products and the directions of their elimination. Source:
elaborated by the authors

der. However, the organization of this feeding system
requires fodder-preparing stations, pumps to move liquid mass, a bulk system of pipes and feeders. As a result, there are higher exploitation expenses to maintain
this equipment running in proper sanitary and hygienic
state. In addition, in cold season there are possible lung
diseases of animals due to higher humidity in the premises with liquid feeding system.
Practice demonstrates that dry type of feeding is
much cheaper. Its basic equipment is as follows: a
tank to store fodder, transporters and feeders, also used
to give water to animals. As a rule, over 70 % of EU
farms use dry feeding. Automatic distribution is recommended for the organization of feeding process and fast
delivery of fodder without their quality loss. The introduction of such modern feeding systems makes it possible to have stable and forecast gain of 425–450 g/day
per one piglet during finishing (feeding from 8 to 25 kg
of live bodyweight) and 720–730 g/day per one porker
(from 25 to 100–115 kg of live bodyweight) [27].

cant which does not stimulate the production of meat
and bacon breeds. We believe that the difference in the
procurement price should be at least 25 %.
Current standard DSTU 4718:2007 «Pigs for slaughter. Technical conditions» does not facilitate solving
this issue, as it does not consider a number of indicators: pre-slaughter live bodyweight of a pig; carcass
weight, fat thickness; state of muscle tissue development. We believe that the main indicator, which may
be reasonably laid into the foundation of current standards, is the yield of full-fledged meat parts with fixed
weight of connective fat tissue [28].

It is evident that the main factor of expanding the export potential of pig breeding industry should be the
procurement price which reflects quality properties of
pig slaughter products. At present the difference between the price of categories one and two is insignifi-

As for normative and regulatory factors, restraining
the activation of export activity of commodity producers of the industry under investigation, we will consider
them within the framework of European integration of
the country. Having endorsed the political part of the
EU Association Agreement, Ukraine took the obligation of deregulating some kinds of economic activity,
taking measures regarding the support of trade and harmonizing national legislation on some issues with the
EU legislation. In particular, the following should be
adjusted to the EU requirements in terms of directions,
regulating the production and trade of pig breeding
products: veterinary and sanitary rules for pig breed-
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ing farms; approval documentation for transportation
of animals and the rules of bringing pigs from other
countries.
It has been determined that current requirements to
establishing sanitary protection zones are outdated and
pose a severe problem for most pig breeding farms which
actually have to violate these requirements. Therefore,
there is an urgent need in Ukraine to elaborate modern
methodology of establishing sanitary protection zones
and minimizing veterinary breaks with the consideration of the impact of different factors, including type
of production (a sow farm, a finishing complex or a
closed loop farm), numbers of head, requirements of
ecologic management. New state building norms while
building pig breeding complexes, based on biological
and chemical risks, should be elaborated to solve the
abovementioned issues.
It should be noted that a complicated epizootic situation in Ukraine, in particular, the epidemic of African
swine fever, hinders enhancing our positions on current
sales markets and establishing new ones. In addition to
Armenia, in 2016 this was the reason why Russia, Belarus, Moldova and Romania refused from Ukrainian
pork, and at the end of 2017 this list of countries was
prolonged by Hungary [29].
Certainly, the closure of Russian market was the most
tangible for domestic suppliers of pork, but it is not reasonable to explain the loss of external markets only by
spreading of African swine fever, as this reason for the
prohibition was mostly declarative.
As for other countries, the prohibition to export pork
of Ukrainian origin to Hungary, Romania and Belarus
was almost not noted in the export of pork. For instance, Belarus blocks trade with the regions, where
African swine fever is spreading most actively, but this
country has not been a significant market of pork sale
for Ukraine, and since 2015 Ukraine has not traded
pork with this country.

of pork with the cost of USD 0.93 million were exported to this country.
We believe that in the absence of any signs of African swine fever and active demand for Ukrainian pork
from Moldova at the level of 2014 and Armenia at the
level of 2016, Ukraine could have sold additional 6
thousand tons of fresh, cooled or frozen pork meat to
these external markets, and obtained additional USD
12 million for it.
However, in case of Moldova, the spreading of African swine fever is not the only reason, complicating
external trade of pork: contrary to tangible deficit of
Ukrainian own pork, agricultural producers, breeding
pigs, have a negative ratio, which has become more organized, to the intake of import raw materials, regardless of their origin. For instance, in 2016 there were organized protests of agricultural commodity producers
which forced the Ministry of Economy of Moldova to
increase import levy for meat and milk products from
Ukraine [22].
Obviously, in order to realize the possibility of exporting pig breeding products to the EU member-states,
sanitary-veterinary services and agricultural commodity producers of our country should localize and eliminate the disease agents, and make sure that no case of
African swine fever is registered for three years. Currently Ukraine fails to control African swine fever due
to the shortage of qualified specialists. In addition,
there is no identification and registration of agricultural
animals in the country, which makes it impossible to
track their movements [30].
In addition, financial foundation should be formed to
fight and prevent African swine fever and ensure legislative provision for the activity of restored veterinary
medicine service.

On the other hand, the loss of markets of Moldova
and Armenia was more tangible. For instance, in 2014
Moldova was the main sales market which covered almost 54 % of annual volumes of pork export – 5 thousand tons with the cumulative value of over USD 14
million, Armenia was among three main sales markets
in 2016, as in January–August over 0.6 thousand tons

Best practices of other countries demonstrate that
in such conditions quoting is an efficient lever of regulating import of products, the efficacy of which is
ensured on condition of long-term application. We believe that the introduction of quotas should be based
on annual analysis of the tempo of increasing domestic pork production and the volumes of its consumption. After achieving relevant parameters of production and consumption the quotas should be gradually
decreased. At the same time, the import of frozen and
cooled pork to the domestic market is also regulated
by restraining levies, which are a limiting instrument
for import. Obviously, the mentioned instruments
are efficient and will promote the development and
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Romania and Hungary, similar to other EU countries,
have not been «open» for Ukrainian pork. At the same
time, although traders note increased interest to these
markets, it is exclusively due to their «trendy» nature.
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enhancing competitive advantages of domestic pig
breeding production.
It is noteworthy that African swine fever has not affected export of live pigs, as all the batches of animals in slaughter condition are supplied to Georgia.
For instance, in 2017 Ukrainian producers earned
43 % more than in the previous year, while exporting live pigs. Although the volumes of external supplies of live animals increased insignificantly (+8 %
to 2016), due to higher selling price they managed to
earn over USD 4.5 million. At the same time, Ukrainian pig breeding farms spent almost the same amount
to procure pedigree and hybrid pigs from abroad to
enhance breeding potential [31].
We have systematized additional negative factors,
caused by the import of live pigs. For instance, as live
pigs are imported to our country for finishing with subsequent slaughter for prices, lower than those of domestic producers, it disrupts the development cycle of
domestic animal breeding. Even full cycle enterprises
have recently acquired the tendency of re-equipping
sow farms into finishing complexes. It is much more
profitable to finish imported pigs than breed your own
animals. Therefore, an enormous segment of animal
breeding is getting lost, and the development of the investigated industry becomes impossible without it.
The introduction of the system of administrative and
fiscal measures of protecting domestic market and commodity producers in the external market of pig breeding products should be started with the elaboration of
the relevant regulations, in particular, Technical regulations of requirements to production and the quality of
raw meat materials. In our opinion, it should state the
main normative and regulatory principles regarding export-import of pig slaughter products. For instance, the
transportation of meat products across Ukraine’s border is allowed only at the checkpoints on railway and
automobile stations, in sea and river ports with state
border veterinary control; during international transportation raw meat materials are accompanied with the
original veterinary certificates, issued by the representative of the state veterinary service of the country of
their origin (in case of import) and official veterinary
specialist; determination of conditions of using raw
meat, imported into Ukraine, is the competence of state
veterinary surveillance bodies; the persons, guilty of
violating veterinary rules of international and internal
transportation of raw meat, should be held responsible
in accordance to the international agreements and the
legislation of Ukraine.
AGRICULTURAL SCIENCE AND PRACTICE Vol. 6 No. 2 2019

The need to stimulate export, to increase the share of
products with a high level of processing in its structure,
and enhancing the competitiveness of domestic products in external markets is conditioned by the relevance
of export as a catalyst of economic development which
will promote the increase in production volumes, higher taxation inputs to the budget and creating additional
working places [32].
Therefore, in current conditions the elaboration of
measures to ensure the access to the markets of other
countries should be conducted with the consideration of
relevant export-institutional environment. The main directions of supporting the export of domestic agrarian
products should become as follows: facilitating export
procedures; expanding assortment and accessibility of
financial services; developing the supporting infrastructure; informational support for exporters; conducting
research and implementing support programs. The development of infrastructure should be ensured via creating trade representations and activating their work, and
the financial-economic sphere – via the combination of
crediting and insurance coverage which will allow realizing the abovementioned directions. We believe that the
activity of the system of credit-insurance institute and
trade representations should be carried out in a single
complex, in a single chain, via determining the potential
market and financial-insurance support for the export.
It is evident that within the framework of the current model of economic development the state strategy
should be based on balanced combination of direct
state stimulation and support for private initiative. The
following mechanisms may be distinguished among
the methods of state stimulation: direct state support
for export with the purpose of enhancing industrial
potential in the industries, which have relevant possibilities to enter export markets; internal development
and modernization of agrobusiness, changing the development strategy to enhance their market positions
and create competitive products. Global practice shows
the division into direct and indirect support of export.
It is reasonable to apply direct support for companies,
which intend to enter the external market, or for subjects with currently active export activity. Direct support is most frequently given via financial and nonfinancial instruments. The state gives indirect support
to producers, who are on export and pre-export stage of
development. Here the state may also foresee different
financial and other non-financial levers.
The measures of direct financial support for export
activity include as follows: long- and middle-term
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crediting of export; guarantees for export transactions;
insuring export loans from commercial and political
risks; reimbursing some percentage rates from export
loans. The implementation of financial measures on
the part of the state comes to state structures taking
the responsibility for financial activity of national export companies, facilitating the access to financial resources, enhancing the conditions of financing. Taking
into consideration the fact that international practice
prohibits direct financing for state stimulation, for instance, via state financing for export loans, this requirement is especially strictly reflected in the rules of the
Organization for Economic Cooperation and Development (OECD) which requires searching for more complicated ways of financial support.
We believe that the activity in the sphere of financial
support should be conducted by specialized institutions – export-crediting agencies (ECA) and exportimport bank (Ukreximbank). In 2018 the ECA in the
form of a private joint-stock company (PJSC) was created in Ukraine to protect Ukrainian exporters from the
risks of non-payments, financial losses and accessible
financing. Relevant functions of the ECA are insurance, reinsurance and providing guarantees pursuant to
the agreements, ensuring the development of export. In
addition, it will also take part in implementing partial
compensation of the interest rate of the export loan and
providing consultations to exporters.
We believe that the relevant tasks of the ECA are
providing guarantees or insurances first and foremost:
firstly, for loans of financial institutions to buyers in
importing countries, and secondly, for non-payments
on contracts with payments in installments (so called
commercial loans, given to the buyer by the exporter).
In addition, the ECA may also give loans to importers
to finance the procurement of products («bound» export loans) and finance exporters.
Current systems of supporting export in different countries may be divided into three groups: the
first group is in effect in the countries, where all the
export-supporting activity is conducted via insurance
agencies (EU member-states); in the second group,
the main support for export is given via export-import
banks (the USA, Brazil); the third group – via mixed
systems (China, Japan). The development of a mixed
system is reasonable for Ukraine, as it will both balance the conditions of accessing the credit resources,
and envisage partial financing using state finances for
the implementation of the development strategy for
agrarian sector.
42

Ukraine’s trade representations abroad may be considered a relevant instrument of promoting export
development. At the same time, the organizational
mechanisms of realizing their main functions should
be improved. It is reasonable to establish a chain which
would unite the procedures of determining export market and a buyer, and obtaining export loan and its insurance in terms of promoting a project by the trade representation immediately in the country of its location.
CONCLUSIONS
The study has determined that domestic commodity
producers have potential advantages for the expansion
of the export of pig breeding products in the form of
relatively cheap fodder, logistics and labor force, but
these are not used to the fullest degree. It was established that regardless of global tendencies of decrease
in the level of procurement prices for pork, the remarkable fact about Ukraine is that due to considerable depreciation of hryvnia compared to the leading currencies of the world, the rate of procurement prices is less
than 1 euro/kg of live bodyweight, which is one of its
competitive advantages.
The results of estimating competitiveness of the
main kinds of meat products – pork, beef and poultry
meat – demonstrated the absence of competitive advantages in external markets of pig breeding products
and insufficient food independence; the current level
of relative competitiveness of beef and veal has been
achieved via reduction of domestic demand and increased export supplies within two recent years of the
study; poultry meat has higher competitive advantages,
thus, due to expanding industrial potential of poultry
meat industry, the food independence of the country is
getting enhanced.
The study revealed that, contrary to other markets of
meat products, the domestic market of pork has a high
level of dependence on import. Additional negative
factors, caused by the import of live pigs, have been
systematized, revealing that as live pigs are imported
to our country for finishing with subsequent slaughter
for prices, lower than those of domestic producers, it
disrupts the development cycle of domestic animal
breeding.
Thus, in current conditions the elaboration of measures to ensure the access to markets of other countries
should be conducted with the consideration of relevant
export-institutional environment. The main directions
of supporting the export of domestic agrarian products
should become as follows: facilitating export proceAGRICULTURAL SCIENCE AND PRACTICE Vol. 6 No. 2 2019
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dures; expanding assortment and accessibility of financial services; developing the supporting infrastructure;
informational support for exporters; conducting research and implementing support programs.

Мета. Обґрунтування напрямів активізації експортних
операцій на ринку продукції свинарства, визначення індикаторів конкурентоспроможності основних видів м’яса
та відносної конкурентоспроможності продукції свинарства
у провідних країнах світу на основі ідентифікації стримувальних чинників експорту української продукції свинарства та розробки пропозицій щодо нівелювання їх
негативного впливу на динаміку зовнішньоекономічної діяльності галузі. Методи. Методичні підходи дослідження
базувалися на інформації щодо обсягів зовнішньої торгівлі,
що використовуються, в основному, для міжнародних
порівнянь і визначаються для окремого товару або товарної
групи. При оцінюванні конкурентних переваг продукції

свинарства нами розраховано показники відносної експортної конкурентоспроможності (Relative Export Advantage Index, RXA), індекс відносної залежності від імпорту
(Relative Import Penetration Index, RMР) та індекс відносних торговельних переваг (Relative Trade Advantage
Index, RTA). У дослідженні здійснено комплексний порівняльний аналіз основних видів м’ясної продукції
на зовнішньому ринку за моделлю «продовольча незалежність – конкурентоспроможність». У якості показника продовольчої незалежності використано індекс
продовольчої незалежності, а узагальнюючим показником конкурентоспроможності окремих видів м’ясної
продукції – модифікований індекс Баласса. Встановлено,
що рівень продовольчої незалежності доцільно визначати
на основі продовольчого самозабезпечення у межах 70−
80 % від товарних ресурсів внутрішнього продовольчого
ринку. При проведенні дослідження нами використано
інформаційну базу Державної служби статистики України
та ФАО щодо обсягів експорту-імпорту продукції свинарства. Результати. Доведено, що для продукції свинарства України на зовнішніх ринках відсутні конкурентні
переваги та встановлено недостатню продовольчу незалежність за умови наявності ознак потенційних переваг для розширення експорту, зокрема, дешевих кормів та логістики. При цьому істотне зниження курсу
гривні, відносно іноземних валют провідних країн
світу, створює передумови для успішного просування
свинини українських товаровиробників як на внутрішньому, так і зовнішньому ринках. Обґрунтовано необхідність налагодження моніторингу щодо виконання
критеріїв продовольчої незалежності, а також диверсифікації експортної спеціалізації країни. У довгостроковій перспективі доцільно оптимізувати рівень захищеності ринку продукції свинарства, стимулювати вітчизняне виробництво, поширення інструментів державної
підтримки «зеленого кошика». Доведено, що основними
напрямами підтримки експорту вітчизняної аграрної
продукції повинні стати: спрощення проходження експортних процедур; розширення асортименту та доступності фінансових послуг; розвиток інфраструктури
підтримки; інформаційна підтримка експортерів; проведення досліджень та реалізація програм підтримки,
діяльність системи кредитно-страхового інституту та
торгових представництв повинна здійснюватися в єдиному комплексі через визначення потенційного ринку
та фінансово-страхового сприяння експорту. Висновки.
Розроблено та апробовано методику двокритеріального
аналізу стану внутрішнього ринку м’ясопродукції на
основі використання показників продовольчої безпеки
та міжнародної конкурентоспроможності, що сприятиме проведенню комплексної оцінки позицій окремих
видів продукції на зовнішньому ринку. Модель двокритеріального аналізу дозволяє обґрунтувати дієві інструменти державного регулювання та захисту відповідного ринку продукції. Методика двокритеріального ана-
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In our opinion, the state support should envisage the
aid in finding crediting and subsidies for interest rates
to decrease the total cost of financing for operational
and investment kinds of activity. The state should also
support exporters’ implementation of the requirements
of importing countries regarding certification and registration of the products, which is rather a cost-consuming activity, requiring considerable investments and
knowledge of international trade rules from exporters.
It is evident that the state should invest in the creation
of a modern export infrastructure for agrobusiness, including the databases of partners and buyers, and take
part in the organization and support in holding specialized exhibitions and other trade measures regarding the
entrance of agrarian products to external markets. We
believe that the abovementioned measures will allow
ensuring the stimulation of export potential in terms of
the main directions of activity, starting from optimization of industrial costs and decreasing investment losses, and delivering the products to the end sales markets.
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лізу м’ясопродукції має універсальний характер, тобто
може бути використаною для визначення позицій на
зовнішньому ринку для різних товарних груп. Результати оцінювання конкурентоспроможності основних видів м’ясної продукції – свинини, яловичини та м’яса
птиці – дозволили встановити відсутність конкурентних
переваг на зовнішніх ринках продукції свинарства та
недостатню продовольчу незалежність. Систематизовано стримувальні чинники нарощення експорту свинини, які об’єднано в три основні групи: технологічні;
нормативно-правові; ветеринарні та напрями їх усунення. Розроблено заходи щодо створення сприятливого експортно-інституціонального середовища та запропоновано основні напрями підтримки експорту вітчизняної продукції свинарства.

Цель. Обоснование направлений активизации экспортных операций на рынке продукции свиноводства, определения индикаторов конкурентоспособности основных видов мяса и относительной конкурентоспособности продукции свиноводства в ведущих странах мира на основе идентификации сдерживающих факторов
экспорта украинской продукции свиноводства и разработки предложений по нивелированию их негативного
влияния на динамику внешнеэкономической деятельности отрасли. Методы. Методические подходы исследования базировались на информации об объемах внешней торговли, используемых, в основном, для международных сравнений и определяются для отдельного
товара или товарной группы. При оценке конкурентных
преимуществ продукции свиноводства нами рассчитаны показатели относительной экспортной конкурентоспособности (Relative Export Advantage Index, RXA),
индекс относительной зависимости от импорта (Relative Import Penetration Index, RMР) и индекс относи-

тельных торговых преимуществ (Relative Trade Advantage Index, RTA). В исследовании осуществлен комплексный сравнительный анализ основных видов мясной
продукции на внешнем рынке по модели «продовольственная независимость – конкурентоспособность». В
качестве показателя продовольственной независимости
использовано индекс продовольственной независимости, а обобщающим показателем конкурентоспособности
отдельных видов мясной продукции – модифицированный индекс Баласса. Установлено, что уровень продовольственной независимости целесообразно определять на основе продовольственного самообеспечения
в пределах 70–80 % товарных ресурсов внутреннего
продовольственного рынка. При проведении исследования нами использовано информационную базу Государственной службы статистики Украины и ФАО по
объемам экспорта-импорта продукции свиноводства.
Результаты. Доказано, что для продукции свиноводства
Украины на внешних рынках отсутствуют конкурентные
преимущества и установлено недостаточное продовольственную независимость при условии наличия признаков
потенциальных преимуществ для расширения экспорта,
в частности, дешевых кормов и логистики. При этом
существенное снижение курса гривны, в отношении
иностранных валют ведущих стран мира, создает предпосылки для успешного продвижения свинины украинских товаропроизводителей как на внутреннем, так
и внешнем рынках. Обоснована необходимость налаживания мониторинга по выполнению критериев продовольственной независимости, а также диверсификации экспортной специализации страны. В долгосрочной перспективе целесообразно оптимизировать уровень защищенности рынка продукции свиноводства,
стимулировать отечественное производство, распространение инструментов государственной поддержки
«зеленой корзины». Доказано, что основными направлениями поддержки экспорта отечественной аграрной продукции должны стать: упрощение прохождения
экспортных процедур; расширение ассортимента и доступности финансовых услуг; развитие инфраструктуры поддержки; информационная поддержка экспортеров; проведение исследований и реализация программ
поддержки, деятельность системы кредитно-страхового
института и торговых представительств должна осуществляться в едином комплексе через определение потенциального рынка и финансово-страхового содействия экспорту. Выводы. Разработана и апробирована
методика двукритериальная анализа состояния внутреннего рынка мясопродукции на основе использования
показателей продовольственной безопасности и международной конкурентоспособности, что будет способство-вать проведению комплексной оценки позиций
отдельных видов продукции на внешнем рынке. Модель
двукритериальная анализа позволяет обосновать эффективные инструменты государственного регулирования и
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FACTORS OF ENSURING THE COMPETITIVENESS OF UKRAINE’S PIG BREEDING PRODUCTION
защиты соответствующего рынка продукции. Методика двукритериальная анализа мясопродукции имеет универсальный характер, то есть может быть использована
для определения позиций на внешнем рынке для различных товарных групп. Результаты оценки конкурентоспособности основных видов мясной продукции –
свинины, говядины и мяса птицы – позволили установить отсутствие конкурентных преимуществ на внешних рынках продукции свиноводства и недостаточную
продовольственную независимость. Систематизированы
сдерживающие факторы наращивания экспорта свинины, которые объединены в три основные группы:
технологические; нормативно-правовые; ветеринарные
и направления их устранения. Разработаны мероприятия по созданию благоприятного экспортно-институциональной среды и предложены основные направления поддержки экспорта отечественной продукции
свиноводства.
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Aim. To determine genetic characteristics of the Mirgorod pig breed by analysis of 25 SNPs of 22 genes and to
conduct the associative analysis of genes MC4R (SNP c.1426 G > A), LEP (SNP g.2845 А ˃ Т), GH (BsuRIpolymorphism), CTSF (SNP g. 22 G > C) with productive traits of animals. Methods. Blood samples of
pedigree Mirgorod pigs, bred at SI «Experimental farm named after Decemberists», Poltava region, were used
for the studies. DNA genotyping was performed by PCR-RFLP and TaqMan. Results. Specific features of the
breed were determined in terms of gene allele frequencies, high level of genetic variability (He – 0.326) and
allelic diversity (mean number of alleles per locus – 1.96). The KPL2/m allele that causes genetic anomaly of
ISTS is absent among investigated Mirgorod pigs, and the recessive RYR1 g.1843T allele, responsible for stress
sensitivity of pigs, occurs at a low frequency (0.04). Unlike other breeds, a relatively high frequency of the
minor allele g.15A (0.16) of CTSK and polymorphism of the LEP gene (SNP g.3996 T > C) (He – 0.455) was
observed. Statistically significant associations of polymorphisms have been established: MC4R (SNP c.1426
G > A) with age of gaining 100 kg, the thickness of backfat and the Eye Muscle Area, GH/BsuRI with the
age of gaining 100 kg, and CTSF (SNP g. 22G > C) with Eye Muscle Area. There was a trend of statistically
significant differences between groups of pigs with different genotypes of LEP (SNP g.2845 А ˃ Т) and the
thickness of the backfat (p = 0.09). Conclusions. It is reasonable to carry out the restoration of the gene pool
of the Mirgorod pig breed, taking into account the SNPs of the studied genes and their associations with the
productive traits. It is expedient to give preference to pigs with SNP genotypes с.1426 MC4R GA, MC4R AA,
g. 22 CTSF CC, g.2845 LEP TT for breed reproduction.
Keywords: Mirgorod pig breed, genetic characteristics, QTL, SNP.
DOI: https://doi.org/10.15407/agrisp6.02.047

Introduction. One of negative consequences, resulting from the distribution of industrial technology
of animal production, has become the decrease in genetic diversity of agricultural breeds. In pig breeding,
the main bulk of the global livestock is presented with
three breeds – Large White (Yorkshire), Landrace
and Duroc. In general, these breeds are more productive and better adapted to the conditions of industrial
technology compared to local ones. However, local
breeds, most of which are at the verge of extinction,
have some unique traits, which could be useful in

case of changes in economic conditions and the loss
of which could result in depauperation of the global gene fund of animals. Among these traits of local
breed pigs, one can distinguish high adaptation and
resistance abilities, conformational and performance
stability, high viability, plasticity, plain feeding, excellent reproduction and maternal characteristics,
high product quality [1–3].
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Mirgorod pig breed is one of such local breeds, which
has come to the verge of extinction, regardless of
unique useful characteristics. This breed was approved
in 1940. It was obtained via complicated reproductive
crossing of local short-eared pigs with English breeds –
Berkshire, Tamworth, Middle Large, and Large White.
Long-term mass selection while breeding local pigs of
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Poltava region «within themselves» played a great role
in the process of establishment [4, 5].
It is well known that the content of intramuscular fat
is one of the main factors, impacting the tenderness and
energy value of meat. According to the data, presented
in the articles [6–8], muscular tissue of purebred Mirgorod pigs contains extra-high level of intramuscular
fat (6.56 %) and is remarkable for a low content of proteins (20.33 %). Along with low content of moisture in
the meat of this breed, this trait conditions its excellent
taste qualities. In addition to the abovementioned, another specific feature of this breed is its ability to use
pastures and a considerable percentage of non-concentrated fodder in the ratio [9]. This is conditioned by the
fact that Mirgorod breed was established on the basis
of local pigs, which had been better adapted to digesting fibers.
Until recently, the main problem in preserving the
gene fund of Mirgorod breed was its low number of
livestock and, as a result, forced use of in-breeding in
its selection.
However, the situation was not critical. The studies,
conducted in 2010–2014, noted a low degree of inbreeding, and thus, a possibility of purebred selection
without the risk of inbred depression [9]. This conclusion is also confirmed by the analysis of microsatellite
loci of Mirgorod breed, which determined that its genetic variability was high, but lower (Na = 2.92; Ho =
= 0.382; FIS = 0.178), compared to three other Ukrainian local pig breeds – Ukrainian Meat, Ukrainian White
Steppe and Ukrainian Spotted Steppe (mean Na = 5.00–
8.42; Ho = 0.549–0.668; FIS = 0.027–0.066) [10].

obtained in 2016. Therefore, there are some prerequisites for restoration of Mirgorod breed. Here, one of
possible constituents of solving this task is using the
genetic material of Belorussian Black-and-Spotted pig
breed, the selection scheme of establishing of which
was similar to the scheme of establishing the Mirgorod
breed, and which is close to the latter by the phenotype features. Another possibility is the involvement of
Poltava Meat breed, which was created using Mirgorod
breed sows and inherited specific mitochondrial haplotype from the latter. It is important for the population of
the restored breed to be maximally genetically similar
to the initial Mirgorod breed, which is practically nonexistent at present.
Taking this fact into consideration, it is relevant to
obtain genetic characteristics of the Mirgorod breed
using the information about single nucleotide polymorphisms. Genetic characterization is supplemented with
the associative analysis of the relationship between
some SNPs and the manifestation of productive features of purebred pigs.
MATERIALS AND METHODS
The population studies involved the use of blood
samples of pedigree Mirgorod pigs, bred at SI «Experimental farm named after Decemberists», the Institute
of Swine Production and the Agroindustrial Production
of NAAS in Poltava region, which were obtained in
2015–2017. The number of pigs, genotyped by each
gene under investigation, is presented in Table 1.

However, the spreading of African swine fever (ASF)
in Ukraine has become the highest threat for breed
preservation. According to the data of the World Organization for Animal Health [11], since the beginning
of 2016, 123 thousand pigs were eliminated in Ukraine
due to the outbreak of ASF, not counting the ones,
eliminated in private households.

The association of genetic markers with productive
traits was determined for the pigs of Mirgorod breed
(the breeding farm of SI «Experimental farm named
after Decemberists»),yusing the following indices: age
of reaching the bodyweight of 100 kg (days), thickness of backfat, measured at the level of vertebrae 6–7
(mm) at the bodyweight of 100 kg, average daily gain
(g) during the feeding period, length of a semi-carcass
(cm) and Eye Muscle Area (sq.cm.). DNA from blood
samples was extracted using Chelex 100 reagent [12].

In August 2018, the only purebred herd of Mirgorod
pig breed in the world, which belonged to SI “EF
named after Decemberists” was eliminated too, due
to the outbreak of ASF. As of December 2018, only 9
animals of Mirgorod breed remained alive in the experimental station of the Institute of Swine Production
and Agroindustrial Production, NAAS, and 14 pigs –
in private households. In addition, the genetic material
bank of the Institute of Animal Breeding and Genetics,
NAAS, keeps the sperm of 5 Mirgorod breed boars,

DNA-typing using PCR-RFLP by gene ESR1 (genetic marker ESR1/PvuII) was performed according
to [13], by gene RYR1(g.1843C > T SNP) [14], PRLR
(PRLR/Alu I, SNP c.1789 G ˃ A) [15], GH (GH/BsuRI)
[16], IGF2 (IGF2/NciI (BcnI) [17], GHRH (GHRH/
Alu1) [18], CTSB (g. 72 A > С SNP) [19], CTSL
(g.143C > T SNP) і CTSS (g.171G > A SNP) [20],
CTSF (SNP g. 22 G > C) [21], MC4R (c.1426 G > A)
[22], LEP (SNP g.2845 A > T) and LEP (SNP g.3996
T > C) [23], LEP (SNP g.3469 T > C) [24], LEPR
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(SNP g.2856C ˃ T) [25], MUC4 (SNP g.1849G >
> С) [26] and FUT1 (SNP g.307 G > A) [27]. DNAtyping by gene KPL2 was performed using the method, presented in the work [28].
DNA amplification with PCR was conducted using a programmed thermostat TERTSIK-2 (DNATechnologies, Russian Federation) according to the
instructions of DNA-polymerase manufacturer (Thermo Fisher Scientific). The restriction analysis using
relevant endonucleases was conducted according to
the manufacturer’s instructions (Thermo Fisher Scientific). PCR products were separated using 2 % agarose gel-electrophoresis in 1 × Tris-borate electrode
buffer (TBE) for 2 h at the current of 50 mA in the

electrophoretic chamber (Cleaver Scientific Ltd, UK).
DNA of plasmid pUC19, hydrolyzed by endonuclease Msp I (Thermo Fisher Scientific), was used as a
marker of molecular mass. After electrophoresis, the
gel was stained with the solution of ethidium bromide
(10 mg/cc) and the electrophoresis results were documented with the digital camera using the transilluminator [29].
DNA-typing of animals by gene CTSK (SNP g.15G>A)
was conducted by the method of allele discrimination
(Taq Man – analysis), and by SNP c.1987C>T of gene
LEPR – by HRM (High Resolution Melting) using
CFX96 TouchTM Real Time PCR Detection System
(Bio-Rad, Laboratories Inc., USA) [30].

Table 1. Frequencies of alleles and genetic variability in the population of pigs of Mirgorod breed by 22 genes of quantitative
trait loci
Gene (polymorphism)

n

RYRI (SNP g.1843C>T)
KPL2 (presence/absence ins.)
ESR1 (ESR1/PvuII)
PRLR (SNP c.1789 G˃A)
GH (GH/BsuRI)
IGF2 (IGF2/NciI (BcnI))
CTSB (SNP g.72 A>С)
CTSK (SNP g.15G>A)
CTSS (SNP g.171G>A)
CTSL (SNP g.143C>T)
CTSF (SNP g. 22 G>C)
MC4R (SNP c.1426 G>A)
GHRH (GHRH/Alu1)
LEPR (SNP c.1987C>T)
LEPR (SNP c.232Т>А)*
LEP (SNP g.2845 A>T)
LEP (SNP g.3469 T>C)
LEP (SNP g.3996 T>C)
FUT1 (SNP g. 307 G >A)
MUC4 (SNP g.1849G>С)
OPNin6 (ins/del of SINE element)2
ACTN1 (ACTN/BstE II) * *
FSHβ (FSHβ/HaeIII) * *
PLIN (SNP g.4119A>G) * *
PLIN (SNP g.7966T>C) * *

68
50
28
61
37
17
20
43
20
50
50
38
14
36
50
50
50
50
49
50
50
50
50
50
50

Frequencies
of alleles
C = 0.96
M = 1.00
A= 0.62
A = 0.27
A = 0.89
A = 0.74
A = 0.93
A = 0.16
A = 0.23
C = 0.99
C = 0.59
A = 0.75
A = 0.32
C = 0.56
A = 0.86
A = 0.64
T = 0.79
T = 0.65
G = 0.79
G = 0.80
A = 0.14
G = 0.68
A = 0.82
A = 0.58
C = 0.63

Share of polymorphic loci
Average expected heterozygosity
Average number of alleles per locus
Effective number of alleles

T = 0.04
m = 0.00
B = 0.38
B = 0.73
B = 0.11
B = 0.26
C = 0.07
G = 0.84
G = 0.77
T = 0.01
G = 0.41
G = 0.25
B = 0.68
T = 0.44
T = 0.14
T = 0.36
C = 0.21
C = 0.35
A = 0.21
C = 0.20
B = 0.86
A = 0.32
B = 0.18
G = 0.42
T = 0.37

PIC

He

0.074
0.000
0.360
0.317
0.177
0.311
0.122
0.233
0.292
0.019
0.367
0.305
0.341
0.371
0.212
0.355
0.277
0.352
0.277
0.269
0.212
0.341
0.252
0.369
0.358

0.077
0.000
0.471
0.394
0.196
0.385
0.130
0.269
0.354
0.020
0.484
0.375
0.435
0.493
0.241
0.461
0.332
0.455
0.332
0.320
0.241
0.435
0.295
0.487
0.466
88.0
0.326
1.96
1.48

Note. n – number of animals; PIC – polymorphism informational content of a genetic marker; * – data about the frequencies
of alleles, obtained in the work of N.K. Sarantseva et al. [32]; * * – data about the frequencies of alleles, obtained in the work
of V.Yu. Nora et al. [33]; Не – expected heterozygosity
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GENALEX 6 program was used to estimate population characteristics [31]. The analysis of associations
between genotypes and indices of productive traits of
pigs was conducted using single-factor disperse analysis (ANOVA, analysis of variance) in Excel 2007.
RESULTS AND DISCUSSION
Table 1 presents the frequencies of alleles of 22 genes
of quantitative trait loci, determined both by the results
of our own genotyping of pedigree stock of Mirgorod
pig breed, and in the investigations of other authors, the
works of which have been referenced.
The analysis of allele frequencies demonstrated some
specificities of the Mirgorod breed in comparison with
local and transborder breeds of different performance
lines [34].
For instance, by ryanodine receptor 1 gene (RYRI),
the frequency of minor allele g.1843Т, associated
with the hereditary drawback of pigs – enhanced
stress sensitivity, the critical manifestation of which is
malignant hyperthermia [14], was 0.04. However, the
phenotypic manifestation of the mentioned allele was
not registered in the Mirgorod breed herd. At the same
time, allele g.1843T is absent in local breeds – Ukrainian White Steppe and Ukrainian Spotted Steppe, and
in meat breeds it occurs with the frequency from 0.1
to 1.00.
Estrogen receptor 1 gene (ESR1), traditionally
viewed as a genetic marker of reproductive qualities of
sows (PvuII-polymorphism of 3rd intron of the gene)
[35–37] in the Mirgorod breed, was remarkable for
polymorphism similar to most other domestic and foreign breeds. However, according to our data, contrary
to the Large White breed, the «desired» allele ESR1
was not associated with multiple pregnancy of sows in
the Mirgorod breed.

boars, was notable for not a high level of polymorphism
(indel in SINE element) at the frequency of a minor allele А – 0.136. The distribution of allele frequencies in
the population of the Mirgorod breed had slight differences from that for Large White, Large Black, Poltava
Meat and Landrace breeds.
As for the growth hormone gene (GH), involved in
the control of meat and finishing qualities of pigs [42],
as of 2017, both alleles of the gene (BsuRI-polymorphism) were found in the population of the Mirgorod
breed, whereas our previous studies of this breed did
not determine allele B of this marker. Allele B was
absent in local breeds of Ukrainian White Steppe and
Ukrainian Spotted Steppe, and in a number of other
breeds, produced in Ukraine, this gene occurred with
different frequencies of alternative alleles.
In terms of a physiological function of encoded proteins and localization of some QTLs in regions, cathepsin genes are referred to the candidate genes, involved
in the control of meat productivity traits, meat quality
and carcass structure [19–21, 43–46]. As for allele frequencies of cathepsin genes S, F, and B, the Mirgorod
breed does not have any significant differences from
other domestic and foreign breeds, for which relevant
population studies were conducted [47]. At the same
time, its specificity was a relatively high frequency
of the minor allele A by SNP of gene CTSK g.15G>A
(q = 0.16) and practically no polymorphism of gene
CTSL by SNP g.143C>T (q = 0.01).

Enhancing reproductive traits in pig breeding involves the use of genetic markers, based on polymorphism of prolactin receptor gene (PRLR, AluI-polymorphism, SNP c.1789 G˃A) [38] and follicle-stimulating
hormone beta-subunit gene, HaeIII-polymorphism)
[39]. According to our data and the results, obtained
in the work [40], the mentioned genes are notable for
polymorphism in the Mirgorod breed; no specificities
in terms of allele frequencies and differences from other breeds were determined.

Leptin genes (LEP) and leptin receptor genes (LEPR)
are also candidate genes to QTL, as they play an important role in regulating lipid exchange [48, 49]. In the
Mirgorod breed, allele frequencies by genetic markers
LEPR (SNP c.1987C>T) and LEPR (SNP c.232Т>А),
associated with the features of finishing and meat traits,
had no significant differences from the frequencies of
these alleles in the populations of other breeds, in particular, in Large White, according to the data, obtained
in [32]. Among genetic markers of leptin gene SNP
g.2845 A>T, SNP g.3469 T>C and SNP g.3996 T>C,
the Mirgorod breed differed from other breeds in terms
of allele frequency only by the latter. For instance,
Yorkshire and Large White breed of Ukrainian selection had only one allele (LEP g.3996 С) [23], whereas
the Mirgorod breed demonstrated the prevalence of allele LEP g.3996 T.

According to the data, presented in [40], secreted
phosphoprotein 1 gene (OPN or SPP1) [41], which has
registered impact on such reproductive traits of pigs as
a number of piglets at birth and motility of spermia in

Melanocortin 4 receptor gene (MC4R) (SNP c.1426
G>A)) and growth hormone-releasing hormone gene
(GHRH)( Alu1-polymorphism), impacting the finishing traits of pigs and fat deposition [50, 51] in the Mir-
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gorod breed were characterized by a considerable level
of polymorphism by the corresponding genetic markers. However, these genes were also polymorphic in a
number of other breeds, bred in Ukraine [52, 30].
Genes, impacting the processes of fat deposition,
include perilipin gene (PLIN) [53]. According to [40]
polymorphisms SNP g.4119A > G and SNP g.7966T >
> C occurred in the Mirgorod breed with rather high
frequencies of alternative alleles (Table 1), which were
close to the frequencies of these alleles in the Large
White breed.
Actinin alpha 1 gene (ACTN1), associated with the
development of muscle tissue, meat quality and reproductive traits, was represented in the population of Mirgorod breed by two alleles G and A (BstE II – polymorphism) with the prevalence of the former [40], which
did not distinguish it from other breeds, investigated by
this locus [54].
The mutant allele of calpastatin 2 gene (KPL2/m),
which differs from the normal («wild» type), by the
insertion of transposon in the area of intron 30, and is
known to be responsible for immotile, short-tail sperm
defect (ISTS) in boars, was not found in the population
of the Mirgorod breed [55]. This defect is manifested
in animals, homozygous by the mutant allele, and in
Finnish Yorkshire, mainly. It has recently been demonstrated that the carriers of this allele may be pigs of
other breeds [56].
Mucin 4 gene (MUC4) encodes mucin 4 – glycoprotein, playing a relevant role in protecting intestinal
epithelium from pathogenic microorganisms, in particular, from adhesive strains of Escherichia coli. A
point replacement of g.1849 G > С in intron 7 of the
gene conditions the existence of two alleles, including g.1849 G, associated with the resistance of pigs to
Escherichia coli bacteria, causing colibacteriosis [57].
One of the specificities of the Mirgorod pig breed was
found to be high frequency of allele g.1849 G of mucin 4 gene. Contrary to a number of other breeds, it
was 0.8, whereas, for instance, in the populations of the
Large White the allele g.1849 G frequency was in the
range of 0.16–0.67 [58].

frequency of allele g.307 A was at the level, close to the
frequency of this allele in Duroc breed (0.21 and 0.28,
respectively), and in different populations of the Large
White it was in the range of 0.06–0.43 [27]. Thus, no
specific features in terms of the distribution of gene
FUT1 alleles were found in the Mirgorod breed.
In general, the analysis of 25 SNPs of 22 genes demonstrated a high level of genetic variability in the population of pigs of Mirgorod breed. Only three out of all
the investigated genes were found to be monomorphic
(the accepted criterion of polymorphism was the frequency of a minor allele ≥ 0.05). Therefore, the percentage of polymorphic loci was 88.0 % with the consideration of several polymorphisms, present in one gene.
To compare the Mirgorod breed against other breeds
(in particular, Large White of different selection, Large
Black, Landrace, Ukrainian White Steppe, Ukrainian
Spotted Steppe, and Poltava Meat), the percentage
of polymorphic loci was calculated separately for 12
genes of QTL from the investigated ones, namely, the
ones, previously used by us for genotyping in subpopulations of these breeds (RYRI, ESR1, PRLR, GH, IGF2,
CTSB, CTSK, CTSS, CTSL, MC4R, GHRH, LEPR) [47,
30]. In this case, the percentage of polymorphic loci in
the Mirgorod breed was 83.3 %, whereas, for instance,
in different subpopulations of Large White (of English
selection and intrabreed types of ULW-1 and ULW-3)
it fluctuated in the range of 58.3–66.7 %, in the population of Large Black – 75.0 %. The percentage of polymorphic loci was also lower (75 % and 50 %, respectively) in the local breeds, Ukrainian White Steppe and
Ukrainian Spotted Steppe, which are «closed» and in
which the selection is conducted similar to that for the
Mirgorod breed, mostly without the involvement of genetic material of other breeds.
Noteworthy is the fact that the average expected heterozygosity He (Nei’s genetic diversity) was at a relatively high level – 0.326, which is another feature of
high genetic variability in the Mirgorod breed. The latter
is also confirmed by the average number of alleles per
locus – 1.96 and the effective number of alleles – 1.48.

Fucosyltransferase 1 gene (FUT1), encoding α-fucosyltransferase 1, is also associated with the resistance of pigs to diseases, caused by coliform bacilli.
The animals, homozygous by recessive allele A of gene
FUT1 (SNP g.307 G>A), are notable for resistance to
colibacteriosis, the mutation of gene G→A in position
307 b.p. is «desired» in pigs. In the Mirgorod breed, the

In addition, a high level of QTL gene polymorphism
in the population of the Mirgorod breed, as one of the
factors of genetic variability, is indicated by the indices of PIC, estimated for each genetic marker, used
for typing. For instance, PIC values of 17 out of 25
genetic markers in the investigated population were at
the level, exceeding 0.250, which corresponded to their
high informative value, sufficient to conduct associative studies in marker-associated selection [59].
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The abovementioned data demonstrate the absence
of genetic erosion and contraction of genetic variability
in the population of pigs of Mirgorod breed. This is in
good agreement with the conclusions, obtained via the
analysis of its genetic structure by immunological [60]
and ISSR [61] markers and microsatellite loci [10].
This also corresponds to the conclusion, made by the
results of the analysis of genealogy of intrabreed structures about the possibility of avoiding affinity breeding
and preserving the gene fund [62].
More detailed genetic characterization of the Mirgorod breed involved the analysis of the association of
specific genetic markers with the main productive traits
of the pigs of Mirgorod breed (Table 2). The animals of
the experimental group under investigation were estimated by five parameters of the productive traits and
genotypes by genetic markers IGF2/NciI (BcnI), RYRI
(SNP g.1843C > T), MC4R (SNP c.1426 G > A), LEP
(SNP g.2845 А ˃ Т), GH/BsuRI, CTSF (SNP g. 22 G
> C). By the first two markers, all the animals in the experimental group had similar genotypes, IGF2 АА and
RYRI g.1843CС, respectively. As for the rest of genetic

markers, pigs were divided into groups in accordance
to the genotypes, among which the groups of animals
with genotypes MC4R c.1426 GG and GH BB were
absent. Unfortunately, the latter is explained by a small
sampling of the animals for associative analysis.
It was determined that there were statistically significant associations of the genetic marker MC4R SNP
c.1426 G>A with such indices as the age of gaining
100 kg, the thickness of backfat and the Eye Muscle
Area. We also determined the associations between the
growth hormone gene polymorphisms (GH/BsuRI) and
the age of gaining 100 kg and cathepsin gene F (CTSF
SNP g. 22 G > C) with the Eye Muscle Area. There was
a tendency, observed for statistically significant differences between the groups of pigs with different genotypes by leptin gene (SNP g.2845 А ˃ Т) by thickness
of backfat (p = 0.09). For comparison, there was no association between the genetic marker LEP SNP g.2845
А ˃ Т and thickness of backfat in the Large White.
The results regarding the association of SNP and the
productive traits for Mirgorod breed with the consider-

Table 2. The associations of genetic markers and productive traits of the Mirgorod breed pigs
Productive traits
Genotype

Age of gaining
100 kg (days)

Thickness of
backfat (mm)

Average daily
gain (g)

Length of semicarcass (cm)

Eye Muscle Area
(sq.cm.)

93.9 ± 1.57
94.5 ± 0.64
0.76

31.7 ± 1.01
34.3 ± 0.64
0.05

93.3 ± 1.55
93.4 ± 0.63
97.0 ± 3.60
0.30

33.0 ± 0.85
32.2 ± 0.75
34.9 ± 0.77
0.12

94.1 ± 1.32
94.7 ± 1.60
0.88

33.2 ± 0.69
33.2 ± 0.83
0.53

94.9 ± 1.52
92.8 ± 1.17
93.4 ± 1.42
0.67

33.9 ± 0.63
30.8 ± 1.23
32.4 ± 0.81
0.04

MC4R SNP с.1426 G > A
AA
AG
P

210.3 ± 4.61
196.5 ± 3.12
0.03

32.8 ± 1.02
29.3 ± 0.86
0.02

575.0 ± 22.47
621.1 ± 40.22
0.33

LEP SNP g.2845 А > T
АА
ТА
ТТ
P

195.6 ± 3.81
209.3 ± 4.88
200.1 ± 2.97
0.13

29.4 ± 0.91
32.6 ± 1.10
29.4 ± 1.40
0.09

579.5 ± 31.50
606.3 ± 30.98
602.7 ± 76.92
0.89

GH/BsuRI
АА
АB
P

199.7 ± 2.33
205.5 ± 6.23
0.03

31.1 ± 0.94
31.2 ± 1.54
0.78

581.3 ± 22.54
633.7 ± 56.25
0.57

CTSF SNP g. 22 G > C
CC
GC
GG
P

201.3 ± 4.30
214.6 ± 8.87
200.1 ± 3.01
0.25

31.9 ± 1.22
29.4 ± 0.74
30.2 ± 0.99
0.44

571.5 ± 21.15
610.5 ± 36.97
г643.7 ± 69.26
0.42

Note. The data are presented as LSMeans ± SEM; the values of P in italics correspond to statistically significant differences
between the groups.
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ation of a small sampling of the experimental animals
may be viewed as preliminary data only and should
have been validated using a larger number of animals.
However, the elimination of the purebred herd and a
limited number of remaining Mirgorod breed pigs exclude this possibility. However, the associations, determined in our study, give some ideas about the search
for genetic markers of productive traits in pigs of the
restored population of the Mirgorod breed for markerassociated selection.
Therefore, the results of the studies on genetic structure of the Mirgorod breed by a number of SNPs and
associative analysis demonstrate its specificities and
differences from other breeds, bred in Ukraine. First
of all, these specificities refer to the general high level of genetic variability, determined by the results of
our analysis of SNPs. This is in agreement with the
statements of other authors about the Mirgorod breed,
whose genetic structure was studied using other classes
of genetic markers. The abovementioned proves the
common thesis about local breeds, preserving higher
level of genetic variability compared to the commercial
breeds. The latter are subject to considerable breeding
impact, aimed at the maximal manifestation of productive traits, which may result in some contraction of allelic diversity in their populations [63].
It should also be noted that the Mirgorod breed is remarkable for the absence of the mutant allele KPL2/m,
conditioning genetic anomaly of ISTS, and the recessive allele RYR1 g.1843T, associated with stress sensitivity of animals, is present with very low frequency
(0.04). The latter is the consequence of «new incoming
blood» of Pietren – the breed, which was not included into the breeds-founders of the Mirgorod breed. It
should be considered that the specificity of the breed is
rather a high frequency of the minor allele CTSК g.15A
(q = 0.16) and, thus, rather a high level of informative value of the genetic marker CTSK (SNP g.15G >
> A) (PIC = 0.233). Noteworthy is the polymorphism of
gene LEP in the Mirgorod breed by the genetic marker
of SNP g.3996 T > C, which distinguishes it from the
Large White.

to which there are changes in the frequencies of alleles in the sampling not only by the candidate genes
of QTL, but also by a number of others, functionally
related or linked to them. The latter is relevant in the
context of preserving genetic structure and variability
of breeds to prevent the loss of their breed specificity,
which is especially urgent for numerically insignificant
local breeds. In both cases, in our opinion, it is reasonable to check the presence of the very associations,
determined in the original breed, during the breeding
process using genetic markers in the restored population of the Mirgorod breed.
It is reasonable to carry out the restoration of the gene
pool of the Mirgorod pig breed, taking into account the
results regarding the SNPs of the studied genes and
their associations with the productive traits, presented
in this article. The selection of animals for restoration should be carried out after typing the young animals, giving preference to pigs with genotypes с.1426
MC4R GA, MC4R AA, g. 22 CTSF CC, g.2845 LEP TT.
Генетична характеристика миргородської породи
свиней, отримана шляхом аналізу
однонуклеотидних поліморфізм генів
П. А. Ващенко, В. М. Балацький, К. Ф. Почерняєв*,
В. М. Волощук, В. Г. Цибенко, А. М. Саєнко,
Є. К. Олійниченко, Т. В. Буслик, Г. С. Рудоман
Інститут свинарства і агропромислового виробництва
НААН України, Вул. Шведська могила, 1,
Полтава, 36013, Україна
*e-mail: k.f.pochernyaev@gmail.com

The associations between some genetic markers and
productive traits have been determined in the herd of
the Mirgorod breed. On the one hand, these associations may result from the immediate impact of polymorphisms of quantitative trait nucleotides (QTN) on
their manifestation. However, they may be considered
as a specific case of population dynamics process, due

Мета. Визначити генетичні характеристики миргородської породи свиней за 25 SNPs 22 генів та провести
асоціативний аналіз генів MC4R (SNP c.1426 G>A),
LEP (SNP g.2845 А˃Т), GH (BsuRI-поліморфізм), CTSF
(SNP g. 22 G>C) з ознаками продуктивності тварин.
Методи. Для досліджень були використані зразки крові
племінних свиней миргородської породи племзавода ДП
«ДГ ім. Декабристів» Полтавська область. ДНК-типування виконували методами ПЛР-ПДРФ та TaqMan.
Результати. Встановлено особливості породи щодо частот алелів генів, високого рівня генетичної мінливості
(He – 0,326) та алельного різноманіття (середня кількість
алелів на локус – 1,96). Алель KPL2/m, який спричиняє
генетичну аномалію ISTS у свиней миргородської породи відсутній, а рецесивний алель RYR1 g.1843T, відповідальний за стресчутливість свиней, зустрічається з
низькою частотою (0,04). На відміну від інших порід
спостерігали відносно високу частоту мінорного алеля
CTSК g.15A (0,16) і поліморфізм гену LEP (SNP g.3996
T > C) (He – 0,455). Встановлено статистично значущі
асоціації поліморфізмів: MC4R (SNP c.1426 G>A) з
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віком досягнення тваринами маси 100 кг, товщиною
шпику та площею «м’язового вічка», GH/BsuRI з віком
досягнення 100 кг, і CTSF (SNP g. 22 G>C) з площею
«м’язового вічка». Спостерігали тенденцію щодо статистично значущих відмінностей між групами свиней
з різними генотипами LEP (SNP g.2845 А ˃ Т) за
товщиною шпику (p = 0,09). Висновки. Відновлення
генофонду миргородської породи доцільно проводити
з урахуванням даних SNPs досліджених генів та їх
асоціацій з продуктивними ознаками. Для відтворення
породи віддавати перевагу свиням із генотипами с.1426
MC4R GA, MC4R AA, g. 22 CTSF CC, g.2845 LEP TT.

между группами свиней с различными генотипами
LEP (SNP g.2845А ˃ Т) по толщине шпика (p = 0,09).
Выводы. Восстановление генофонда миргородской породы, целесообразно проводить с учетом данных SNPs
исследованных генов и их ассоциаций с продуктивными признакам. Для воспроизведения породы отдавать
предпочтение свиньям с генотипами с.1426 MC4R GA,
MC4R AA, g. 22 CTSF CC, g.2845 LEP TT.

Ключові слова: миргородська порода свиней, генетична
характеристика, QTL, SNP.

Цель. Определить генетические характеристики миргородской породы свиней по 25 SNPs 22 генов и
провести ассоциативный анализ генов MC4R (SNP
c.1426 G>A), LEP (SNP g.2845 А˃Т), GH (BsuRIполиморфизм), CTSF (SNP g. 22 G>C) с признаками
продуктивности животных. Методы. Для исследований
были использованы образцы крови племенных свиней
миргородской породы племзавода ГП «Опытное хозяйство им. Декабристов» Полтавская область. ДНКтипирование выполняли методами ПЦР-ПДРФ и TaqMan.
Результаты. Установлены особенности породы по
частотам аллелей генов, высокого уровня генетической
изменчивости (He – 0,326) и аллельного разнообразия
(среднее количество аллелей на локус – 1,96). Аллель
KPL2/m, который вызывает генетическую аномалию
ISTS, у свиней миргородской породы отсутствует, а
рецессивный аллель RYR1 g.1843T, ответственный за
стресс-чувствительность свиней, встречается с низкой
частотой (0,04). В отличие от других пород наблюдалась относительно высокая частота минорного аллеля
CTSК g.15A (0,16) и полиморфизм гена LEP (SNP g.3996
T > C) (He – 0,455). Установлены статистически значимые ассоциации полиморфизмов: MC4R (SNP c.1426
G > A) с возрастом достижения животными массы 100
кг, толщиной шпика и площадью «мышечного глазка»,
GH/BsuRI с возрастом достижения 100 кг, и CTSF
(SNP g.22G>C) с площадью «мышечного глазка». Наблюдалась тенденция статистически значимых различий
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Aim. To study calpastatin (CAST) and сallipyge (CLPG) genes polymorphism in Prydniprovska meat sheep.
Methods. The studies were conducted using PCR-RFLP method. DNA was isolated from 47 animals. The
amplicons were treated with restriction endonucleases MspI and FaqI for genes CAST and CLPG, respectively.
Results. The study determined the polymorphism of CAST gene fragment. Two alleles – M (336, 286 b.p.) and
N (622 b.p.) with the frequency of 0.83 and 0.17, respectively, were detected. The frequency of genotypes was
as follows: ММ – 0.77, MN – 0.13 and NN – 0.10. There was a noted tendency towards the increase in live
bodyweight of 4-month-old lambs, carriers of N allele (genotypes NN and MN), compared to the index for the
lambs of the same age with genotype MM. Locus CLPG was monomorphic, only allele A was determined (278,
117 and 31 b.p.). Allele G with the mutation, manifested in muscle hypertrophy phenotype, was not detected,
all the animals under investigation had genotype AA. Conclusions. CAST gene polymorphism was determined in Prydniprovska meat sheep during our work. The tendency towards the increase in live bodyweight of
90-day-old lambs, carriers of allele N, was established which demonstrated promising perspectives of further
studies on associations of this gene and meat qualities of Prydniprovska meat sheep. The obtained results on
the monomorphic nature of locus CLPG and the absence of mutation, related to muscle hypertrophy phenotype,
demonstrated that the mutation of this gene may be built into the genome of domestic breeds of sheep only via
cross-breeding with foreign breeds, in which this trait is manifested.
Keywords: sheep, gene, meat productivity, calpastatin, callipyge, polymorphism, Prydniprovska meat breed.
DOI: https://doi.org/10.15407/agrisp6.02.058

INTRODUCTION
The innovations of molecular genetics have recently
been widely used in animal science, allowing scientists
to identify the genes, directly or indirectly related to
productivity [1, 2]. Most economically valuable traits
are known to be polygenetic, and their manifestation
depends on the impact of environmental factors. At the
same time, there are main genes of quantitative traits
(candidate genes), whose contribution into the manifestation of a specific trait is decisive [3]. The review of
references related to candidate genes, responsible for
economically valuable traits of sheep, demonstrated

that the impact of about 50 target genes on productivity
indices was studied to a different degree, including the
data on polymorphism and impact of several important
genes on meat productivity [4–6]. Calpastatin and callipyge are among them.

© I. A. POMITUN, V. І. ROSSOKHA, YE. A. BOYKO,
O. E. GUZEVATYI, M. V. SHPILKA, R. O. KULIBABA, 2019

Calpastatin is a specific endogenous inhibitor of calpain (neutral calcium-dependent proteinase), playing
a decisive role in the regulation of calpain activity in
the cell. The rate of skeletal muscle growth mainly depends on three factors: the rate of synthesizing muscle
proteins, the rate of muscle protein breakdown and
the sizes of skeletal muscles. It was demonstrated that
while breaking down relatively small peptide bonds in
a number of myofibril proteins, μ and m calpains are in-
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volved in their breakdown along with other proteolytic
systems. Here a great role of calpains was determined
in case of postmortem destruction of muscle proteins.
In addition, it was determined that calpain activity is
required to synthesize myoblasts; it also plays its role
in the processes of signal transduction, participating
in the deactivation of kinases and phosphatases [7].
Calpastatin may inhibit the calpain activity by binding
its three inhibitory domains A, B, C to the domains of
calpains. High activity of calpastatin in the living cell
destroys the ability of calpains to degrade the proteins
of myofibrils at postmortem storage [8].
Therefore, one may assume that the mutations of
CAST gene, leading to the inhibition of its activity (or decrease in calpastatin synthesis) may lead to
the increase in calpain activity and therefore the increase in the proliferation of myoblasts in the living
cell and greater proliferation of proteins which may
have positive impact on quantitative and qualitative
indices («meat tenderness») of meat productivity. On
the contrary, mutations, leading to the increase in calpastatin activity (or its greater synthesis) would lead
to the decrease in calpain activity, reduction in normal
skeletal growth and lesser postmortem proteolysis of
myofibril proteins. It was actually demonstrated that a
high level of CAST gene expression is related to a low
value of «meat tenderness» index for lambs [9]. This
fact demonstrates the promising perspectives of studying this gene in association with meat characteristics
of animals.

weight of muscles of the pelvis, torso and fore limbs
[13], a higher percentage of meat yield, larger loin,
relatively smaller amount of fat in meat [14, 15],
and lower average daily fodder consumption, which
leads to lower production costs during breeding [12].
At the same time, sheep with CLPG were notable for
higher meat hardness [15, 16].
CLPG mutation is characterized by a special type of
non-Mendelian inheritance, called polar superdominance, which lies in the fact that phenotype CLPG
is manifested only in the progeny, heterozygous by
CLPG-mutation, and the mentioned mutation in this
progeny should obligatorily be obtained from the father
(genotype clpgMat/ CLPGPat, where Mat and Pat, respectively, shows maternal or paternal origin of the allele),
here three other possible genotypes (clpgMat/ clpgPat,
CLPGMat/clpgPat, CLPGMat /CLPGPat) are phenotypically
normal [17]. CLPG-mutation was mapped by Cockett
et al. (1994) on chromosome 18 of sheep [11].
Due to two independent studies, aimed at studying
molecular fundamentals of this mutation, it was determined that CLPG-mutation is the transition of А
to G, located in a highly conservative telomere region
of a chromosome of 12 b.p., between genes DLK-1
(delta like non-canonical Notch ligand 1) and GTL-2
(gene trap locus 2), containing in the domain the genes
DLK1, GTL2, PEG11 (or RTL-1, retrotransposon like
1) and MEG8 (maternally expressed 8, small nuclear
RNA host gene) [18, 19].

Callipyge (CLPG) (from Greek «calli» – wonderful, «pyge» – buttocks) is one of the most wellknown mutations, impacting the development of
muscles in sheep, first described in 1983 for a ram
in the flock of Dorset sheep, the phenotype of which
was characterized by unusual muscle hypertrophy in
hind quarters and a small amount of fat and was inherited by the progeny [11]. Here the described muscle hypertrophy occurs after the age of three months
[12], thus, there is no increased risk of dystocia for
lambs with CLPG. Sheep with CLPG mutation are
different from sheep with the genotype, normal by
this mutation in terms of a series of economically viable indices: they are characterized by a larger total

This region is a regulatory element of a long range,
probably, an insulator and enhancer. CLPG-mutation
modifies the activity of the general regulatory element, which is responsible for the enhanced expression
of genes DLK1, GTL2, PEG11, MEG8 and probably,
other non-investigated genes, which initiates the manifestation of CLPG genotype [20]. The key to the mechanism of action of CLPG-mutation is in the changes
of DNA methylation, surrounding the mutation site –
wild type allele is hypermethylated and CLPG allele
is hypomethylated. During prenatal development, the
methylation of 10 CpG sites, flanking the mutation, is
similar to that along the whole genotype, at the same
time, it gets doubled during the postnatal development
of sheep with normal genotype. Normal postnatal enhanced methylation is considerably expressed in sheep,
carrying one or two mutant alleles, and this is related
to a high level of DLK1 expression, and possibly, other
genes, leading to muscle hypertrophy phenotype [21].
The presence of this mutation is also related to the
development of new sites of DNAse hypersensitivity,
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CAST gene (GeneID: 443364) in localized on chromosome 5 of sheep, consists of 29 exons and has the
size of over 89 thousand 553 b.p. Gene polymorphism
is localized on the first intron and may be determined
by PCR-RFLP, using MspI endonuclease, two alleles
of this gene are revealed here: M and N [10].

POMITUN et al.

which demonstrates increased relaxation of chromatin
state [22].
The interest to the study on polymorphisms of genes
CAST and CLPG of sheep is evident in a great number
of works, conducted in 10 recent years using different breeds in different countries [23–27]. At the same
time, polymorphism of these genes was not studied in
breeds, created in Ukraine.
MATERIALS AND METHODS
The study was conducted using 47 sheep of Kharkiv
intrabreed type of Prydniprovska meat breed (collective
farm enterprise «Doslidne», Poltava region). This type
of sheep was created by the breeders of the Institute of
Animal Breeding, the National Academy of Agrarian
Sciences of Ukraine, via cross-breeding of the sheep of
Dnipropetrovsk intrabreed type of Askanian meat-wool
breed (maternal form) with Olibs and Merinolandschaf
breeds (paternal forms) [28].
The DNA was obtained from hair follicles of sheep
using the extraction kit DNA-sorb B (AmplySens) in
accordance to the manufacturer’s instructions.
The analysis of polymorphism of genes CAST and
CLPG was conducted by PCR-RFLP. Locus-specific amplification of the fragments of genes CAST
(622 b.p.) and CLPG (426 b.p.) was conducted in the
automatic regime of the thermocycler AMPLY-4, using
the following primers:
F: 5′-TGGGGCCCAATGACGCCATCGATG-3′,
R: 5′-GGTGGAGCAGCACTTCTGATCACC-3′ for
gene CAST [10],
F: 5′-TGAAAA СGTGAACCCAGAAGC-3′
R: 5′-GTCCTAAATAGGTCCTCTCG-3′ for CLPG [18].
The lyophilized preformed set MasterMix (Isogene)
was used for amplification. Eppendorf tubes of 0.2 ml
from the Isogen set of reagents, containing Taq-polymerase 50 un/ml – 0.5 μl, dATP – 400 μM, dCTP –
400 μM, dGTP – 400 μM, dTTP – 400 μM, MgCl2 –
3 mM, were introduced 5 μl of the investigated DNA
solution, 2.5 μl of each primer and 10 μl of 2-fold buffer for PCR from the MasterMix set.
The temperature regime of PCR for the amplification
of gene fragments was as follows: DNA denaturation
at 94 °С – 5 min, then 35 cycles according to the following scheme: DNA denaturation at 94 °С – 30 sec,
annealing of primers at 57 °С and 58 °С (for CAST and
CLPG, respectively), DNA synthesis at 72 °С – 1 min
(during the last cycle for 10 min).
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The restriction of the obtained amplicons was conducted in the reaction mixture with restrictase MspI and
FaqI (Thermo Scientific) for CAST and CLPG, respectively, in accordance to the manufacturer’s protocols.
The reaction mixture was incubated in the thermostat at
37 °С for 6 h. The results of PCR product splitting using restrictases was estimated by electrophoretic method in 3 % agarose gel, stained with ethidium bromide
using the transilluminator in UV light.
The living bodyweight of lambs was determined by
weighing them on the electronic scales with the precision of up to 0.1 kg at weaning, at the age of 90 days
and 14 months.
The frequencies of alleles and genotypes were estimated according to the results of molecular-genetic
analysis. The analysis of reliability of the differences
between the live bodyweight of lambs of different
groups was conducted using Student’s t-criterion [29].
RESULTS
The studies demonstrated that the fragment of CAST
gene in Prydniprovska meat sheep breed by this mutation was polymorphic. After the restriction of amplicons (622 b.p.), two alleles M (336, 286 b.p.) and N
(622 b.p.) were found along with three genotypes: ММ,
МN and NN (Fig. 1). The frequency of allele М was
0.83, N – 0.17. The frequency of genotypes was as follows: ММ – 0.77, MN – 0.13 and NN – 0.10.
While changing the live bodyweight of lambs at the
moment of weaning at the age of 90 days, there was
a tendency (Р > 0.05) towards its increase in female
sheep of one shear with genotypes MN and NN compared to the MM sheep of the same age. The corresponding indices were 25.0 ± 1.00 and 22.7 ± 1.43 kg.
A similar tendency was also observed for male sheep. A
small number of animals-carriers of N allele may have
prevented the determination of considerable differences between the investigated groups. While measuring
the index of live bodyweight of female sheep of one
shear at the age of 14 months, no reliable differences
were found between different genotypes. For instance,
the index of live bodyweight for female sheep of one
shear with genotypes MN and NN was 56.7 ± 3.33, and
for the sheep of their age (genotype ММ) – 57.4 ± 1.73.
The study on polymorphism of CLPG locus in Prydniprovska meat sheep breed determined that it was
monomorphic by this mutation. After the restriction of
amplicons (426 b.p.), only allele A was revealed (the
presence of fragments of 278, 117 and 31 b.p. on the
electrophoregram). Allele G (fragments of 395 and 31
AGRICULTURAL SCIENCE AND PRACTICE Vol. 6 No. 2 2019
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Fig. 1. The electrophoregram of restriction products of CAST gene fragment in Prydniprovska meat sheep breed. Note: genotype MM – 336, 286 b.p., MN – 622, 336, 286 b.p., NN – 622 b.p., molecular mass marker pUC19 DNA/MspI (HpaII): 501,
404, 331, 242, 190, 147, 111 b.p.

Fig. 2. The electrophoregram of restriction products of CAST gene fragment in Prydniprovska meat sheep breed. Note: amplicon – 426 b.p., genotype АА – 278, 117 b.p., molecular mass marker pUC19 DNA/MspI (HpaII): 501, 404, 331, 242, 190,
147, 111 b.p.

b.p.) with the mutation, leading to muscle hypertrophy
phenotype, was not found. All the investigated animals
of this breed had genotype AA (Fig. 2).
DISCUSSION
The results of the study on CAST gene polymorphism
in Prydniprovska meat sheep breed demonstrate that
the obtained data about the frequencies of alleles M and
N of this gene are similar to the results, found by other
authors for different breeds of sheep.
For instance, the work [25] presents the analysis
of studies about the content of M and N alleles in
different breeds of sheep. The frequencies of alleles
were analyzed for the following breeds from Turkey – Gökçeada, Kivircik, Karacabey Merino, Indonesia – Jastru, Pakistan – Balkhi, Kajli, India – Bandur, Iran – Lori, Bulgaria – SPBM (Synthetic Population Bulgarian Milk), breeds of Poland – Polish
Merino, France – Berrichondu Cher, Ilede France,
Germany – Blackheaded Mutton, Iran – Karacabey
Merino, Sanjabi, Afshari, Ghezel, Makui, Arkhamerino, Mehraban, Saudi Arabia – Najdi, Harri. A
number of works, which have not been included
AGRICULTURAL SCIENCE AND PRACTICE Vol. 6 No. 2 2019

into this review, also studied the frequency of the
mentioned alleles of CAST gene in the breeds of
Iran – Zandi [30], Dalagh [31], Pakistan – Kajli,
Lohi, Thalli [32], Egypt – Barki, Ossimi, Rahmani,
Sub-total [26], Turkey – Kivircik [24] and Askanian
caracul breed with prolificacy, bred in Ukraine [33].
In all the investigated breeds, the frequency of allele
M exceeded that of allele N considerably and was in
the range of 0.63–0.99, therefore, the frequency of
allele N was in the range from 0.01 to 0.37. Rather
a high frequency of allele N (0.45) was found for
Dalagh breed in Iran [31]. At the same time, Iranian
breeds Arkhamerino and Mehraban were characterized by a higher frequency of allele N compared to
M. The frequencies of alleles M and N for Arkhamerino breed were 0.48 and 0.52, and those of Mehraban breed – 0.33 and 0.67, respectively [34].
Therefore, the polymorphism of this CAST gene
fragment was determined for the investigated sheep
breeds, in most breeds the frequency of allele M exceeded that of allele N considerably, the same specificity was remarkable for Prydniprovska meat breed
as well.
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The analysis of works about the association of different allelic variants of CAST gene with economically
valuable traits demonstrates that most of them were
conducted using single-strand conformation polymorphism (PCR-SSCP) analysis. This method allowed
determining 3 alleles – a, b and c – of this gene, and
the association of some genotypes by these alleles with
meat traits – live bodyweight gain [35, 36], the level
of water loss in meat [36, 37], shares of shoulder blade
was demonstrated.
There are some studies about the association of the
alleles under our investigation (M and N, determined
by PCR-RFLP) of CAST gene with the indices of meat
productivity of sheep. For instance, in the article [25]
Russian researchers used Salsk breed to demonstrate
that heterozygotes MN were characterized with higher
daily gain from birth to two months. Similar results
(prevalence of MN heterozygotes) were observed for
Pakistan breeds Balkini by the index of daily gain from
birth to 4 months, and Kajli – the same index up till 8
months [39] and Jordanian breed Awassi – by the index
of daily gain and live bodyweight at the age of 70 days,
and the indices of meat quality [40]. At the same time,
it was demonstrated for Turkish breed Kivircik that the
content of fat in sheep with genotype NN was lower
compared to MM and MN [24].
The data, obtained by us, demonstrating the tendency
towards the increase in live bodyweight of 90-day-old
lambs for the carriers of allele N (NN and MN) compared to the index for lambs with genotype MM, are
in agreement with the results of the abovementioned
studies which shows the promising perspectives of
further work with this breed in the area of practical
breeding in terms of improving meat indices using the
obtained data about the polymorphism of CAST gene.
The analysis of references regarding the study of the
polymorphism of CLPG locus in sheep demonstrates
that the discovery of this mutation in Dorset breed and
wide application of PCR-RFLP in molecular genetics for
the purpose of revealing it led to the search for CLPG
mutation in sheep of other breeds. However, this mutation was not determined in all the articles, known to
us, all the animals had a normal genotype. For instance,
the absence of PCR-RFLP of CLPG polymorphism
was absent in populations of such breeds as Dorset and
Suffolk, and their hybrids with local Chinese breed of
sheep – Xinjiang Fine Wool [41], breed Lori (Iran) [42,
43], breed Karnobat Merino (Bulgaria) [44], breed Karakachan (Bulgaria) [27], breeds Najdiand, Harri (Saudi
Arabia) [45], breeds Tsigai, Improved Valachian, East
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Friesian, Lacaune (Slovakia) [23]. A large number of articles about the study on the nature of CLPG-mutation,
the explanation of the mechanisms of their inheritance,
which have been cited above [17–22] were conducted in
the framework of a specific ram of Solid Gold of Dorset
breed, in which the mutation was first revealed. Therefore, the data, obtained by us about the absence of the
polymorphism of CLPG locus in Prydniprovska meat
sheep, are in agreement with the data, obtained regarding other breeds, and demonstrate that the introduction
of CLPG-mutation in the breeds of Ukrainian sheep is
possible only with Dorset breed from the households
where it was revealed and is preserved.
CONCLUSIONS
The polymorphism of calpastatin and callipyge genes
was studied in sheep of Kharkiv intrabreed type of
Prydniprovska meat breed. It was demonstrated that
CAST locus is polymorphic in this breed. In terms of
this mutation, two alleles M and N were determined
with the frequency of 0.83 and 0.17, respectively.
While studying the live bodyweight of 90-day-old
lambs, there was a revealed tendency towards its increase for the carriers of allele N (NN and MN) compared to the index for lambs of the same age with genotype MM, which shows the promising perspectives of
further work with this breed in the area of practical
breeding in terms of improving meat indices using the
obtained data about the polymorphism of CAST gene.
The study on CLPG locus in Prydniprovska meat
sheep breed demonstrated that it was monomorphic by
the investigated mutation. Only the allele of normal development – A – was determined, all the investigated
animals of this breed had genotype AA. Allele G with
the mutation, leading to muscle hypertrophy phenotype, was not found. The migration of CLPG-mutation
into the population of Prydniprovska meat sheep breed
is possible only due to cross-breeding with Dorset
breed from foreign households, where it was revealed
and is preserved. This may serve further improvement
of the coefficient of meatiness and quality of mutton.
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Мета. Вивчення поліморфізму генів калпастатіна
(CAST) і калліпігії (CLPG) у овець придніпровської
м’ясної породи. Методи. Дослідження проводили з використанням методу PCR-RFLP. ДНК виділена у 47 тварин.
Амплікони оброблені ендонуклеазами рестрикції MspI і
FaqI для генів CAST і CLPG, відповідно. Результати. В
результаті досліджень встановлено поліморфізм фрагмента гена CAST. Виявлено 2 алелі М (336, 286 п.н.) та
N (622 п.н.) з частотою 0,83 і 0,17, відповідно. Частота
генотипів ММ складала 0,77, MN – 0,13 і NN – 0,10.
Відзначено тенденцію до збільшення живої маси ягнят
у віці 4 місяців у носіїв алелі N (генотипи NN і MN) в
порівняння з показником однолітків з генотипом MM.
Локус CLPG був мономорфний, виявлено тільки алель
А (278, 117 і 31 п.н.). Алелі G з мутацією, яка проявляється гіпермускульним фенотипом, виявлено не
було, всі досліджувані тварини імені генотип АА.
Висновки. У роботі встановлено поліморфізм гена
CAST у овець придніпровської м’ясної породи і тенденція до збільшення живої маси ягнят у віці 90 днів у носіїв алелі N, що свідчить про перспективність подальшої роботи з вивчення асоціацій цього гена з м’ясними
якостями овець придніпровської м’ясної породи. Отримані результати про мономорфності локусу CLPG і
відсутності мутації, пов’язаної з гіпермускульним ефектом свідчать про те, що мутація цього гена можливо
вбудована в геном вітчизняних порід овець лише завдяки схрещуванню з зарубіжними породами, в яких вона
проявляється.

47 животных. Ампликоны обработаны эндонуклеазами
рестрикции MspI и FaqI для генов CAST и CLPG,
соответственно. Результаты. В результате исследований установлен полиморфизм фрагмента гена CAST.
Выявлено 2 аллеля М (336, 286 п.н.) и N (622 п.н.) с
частотой 0,83 и 0,17, соответственно. Частота генотипов
ММ составляла 0,77, MN – 0,13 и NN – 0,10. Отмечена
тенденция к увеличению живой массы ягнят в возрасте
4 месяцев у носителей аллеля N (генотипы NN и MN) в
сравнение с показателем сверстников с генотипом MM.
Локус CLPG был мономорфным, выявлен только аллель
А (278, 117 и 31 п.н.). Аллеля G с мутацией, которая
проявляется гипермускульным фенотипом, выявлено
не было, все исследуемые животные имени генотип
АА. Выводы. В работе установлен полиморфизм гена
CAST у овец приднепровской мясной породы и выявлена тенденция к увеличению живой массы ягнят в
возрасте 90 дней у носителей аллеля N, что свидетельствует о перспективности дальнейшей работы
по изучению ассоциаций этого гена с мясными качествами овец приднепровской мясной породы. Полученные результаты о мономорфности локуса CLPG и
отсутствии мутации, связанной с гипермускульным эффектом, свидетельствуют о том, что мутация этого гена
может быть встроена в геном отечественных пород овец
лишь благодаря скрещиванию с зарубежными породами,
в которых она проявляется.
Ключевые слова: овцы, ген, мясная продуктивность,
калпастатин, каллипигия, полиморфизм, приднепровская
мясная порода.
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Aim. To determine the specificities of uniting territorial communities at the national and regional levels during
the process of power decentralization, to generalize the experience of its legal and organizational provisions, the
practice of reforming local self-government in the EU member states, to estimate the risks of decentralization
in Ukraine in general and in rural area in particular, and to establish the directions of its development at the final stage. Methods. Monographic, mathematical-statistical, cartographic, abstract-logical, comparative, analytical
analysis. Results. The work conducted during the first stage of decentralization reform (2014–2018), was estimated by the Council of Europe as the most successful reform in progress in Ukraine. As of January 01, 2015,
85.2 % of territorial communities were located in rural areas, where agriculture is the prevailing kind of the population’s activity. Thus, power decentralization and reforming local self-governance refers to rural population, first and
foremost. However, the study has confirmed that the implementation of reforming remedies has been restrained,
as the main provisions of decentralization have not been enshrined in the Constitution, there are no definite plans
on developing united communities, it is impossible to overcome the removal of local councils from managing land
resources beyond the boundaries of settlements, the reform is being blocked by regional and district state authorities. Conclusions. Current system of rural population settlements, characterized by a considerable number of small
villages, the specificity of territorial organization of power (40 % of local councils have less than 1,000 residents)
and village and town budgets, subsidized for almost 50 %, are prerequisites of uniting communities as the only way
of forming sustainable local self-governance. The centralization of authorities by the executive branch regarding
governance over territories, low spreading of local self-governance and absence of land resources in communal
ownership, financial limitedness of councils prove that without principal changes in the current position, most territorial communities will still remain unsustainable in legal, organizational and financial aspects. The experience of
implementing decentralization tasks in regions demonstrates that the level of organizational and explanatory work
and control over reforming should be enhanced considerably. The issues of regulating the division of mountainous
territories and setting higher bonuses and benefits, improving budget limits of the communities via taxation system,
enhancing the role of cities of regional significance as centers of united territorial communities should be settled at
the legislative level. At this stage, the risks of implementing decentralization in Ukraine are as follows: the impossibility of completing the plan of implementing the remedies of its second stage without amending the Constitution,
unclear mechanisms of implementing the remedies of reforming local self-governance, because regional councils
are too politicized, while state regional administrations perform functions, non-relevant for them, and resist; the
absence of promising plans of social and economic development of territorial communities restrains the process of
substantiating their capability and the terms of implementing decentralization; ignoring the requirements related to
needless district councils in cases called «one district – one community»; absence of actions in terms of determining
the boundaries of communities or changing the boundaries of districts; absence of work in reflecting the process
of land division by ownership forms in the State Cadaster; untimely solving the problems of human resources for
executive bodies of territorial communities and delegating relevant authorities to them.
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INTRODUCTION
Despite the implemented measures of reforming local self-governance, the state power in Ukraine is still
too centralized. Local self-government bodies (village,
town, city councils), being government authorities, the
closest to people, are incapable of solving all the local
issues in accordance to the provisions of the European
Charter of Local Self-Government [1]. The delegation
of relevant authorities to local self-government along
with uniting territorial communities as well as providing them with land and financial resources and introducing widespread local self-government is the essence
of decentralization, which started in 2014.
Ukraine is the largest country in Europe. The total
area is 60.4 million ha and the population amounts to
45.4 million people. Agricultural land covers 41.5 million ha, arable land – 32.5 million ha, and other areas,
covered with forest – 10.6 million ha. The agricultural
reclamation of territory is 68.8 % (the highest in Europe), ploughness – 53.9 % (the highest in Europe), and
woodiness – 17.6 %, i.e. the lowest among European
countries [2]. Almost 2/3 of the total area of agricultural land in the country are covered by chernozem soils,
considered to be some of the most fertile soils, and its
area (27.5 million ha) is ranked the fourth in the world
(after Russia, the USA, and China) [3]. Land resource
potential of the country and other natural factors promote the development of agricultural production – one
of the main sectors of Ukrainian economy, which meets
domestic requirements for food and generates the export of agricultural products.
Pursuant to administrative-territorial structure as of
January 01, 2015, Ukraine consisted of the Autonomous Republic of Crimea, 24 regions, cities with special status – Kyiv and Sevastopol, 490 districts, 460
cities, 885 towns, 28,388 villages. The mentioned
settlements were united in 12,063 councils, including
490 district councils, 458 – city councils, 783 – town
councils, 10,279 – village councils [4]. Out of the total number of councils (12 thousand), over 6 thousand
have fewer than 3 thousand residents, including 4.8
thousand which have fewer than 1 thousand residents,
and 1,129 councils – fewer than 500 residents. In most
of the latter, the executive bodies of the village councils
have not been formed, there are no budget institutions
and communal enterprises. The 5.4 thousand budgets of
self-governance bodies were subsidized for over 70 %,
483 village councils were kept at the expense of state
budget [5]. Therefore, reforming local self-government
has become more relevant.
AGRICULTURAL SCIENCE AND PRACTICE Vol. 6 No. 2 2019

The decentralization in Ukraine was started in 2014
with the adoption of the Concept of reforming local
self-government and territorial organization of power
(January 01, 2014) and the Law of Ukraine «On Cooperation of Territorial Communities» (June 17, 2014).
The conceptual documents stipulated the introduction
of amendments to the Constitution of Ukraine. These
changes were related to the formation of executive bodies of regional and district councils, reorganization of
state local administrations as executive authorities into
the bodies with supervising and controlling functions,
improvement of administrative-territorial structure and
determination of territorial community as its basic unit
(at present, these units are villages, towns, cities). As
the amendments to the Constitution have not been supported by the Parliament of Ukraine, the reform is done
within current constitutional norms based on new adopted legislative acts: on amending the Budget and Tax
Codes; on voluntary uniting of territorial communities;
on fundamentals of state regional policy; on extending the authorities and optimization of the provision of
administrative services by self-government bodies. A
relevant role in reforming local self-government was
played by the Methodology of forming sustainable territorial communities, approved by the Government of
Ukraine (April 08, 2015).
The decentralization process in Ukraine includes
several interrelated reforms: territorial organization
of power, local self-government, regional policy and
interbudget relations. Simultaneous implementation
of a number of the abovementioned decentralization reforms in conditions, when the land reform is
in progress in the country, is one of the specificities
and differences of the Ukrainian reform. It should be
noted that this implementation was negatively impacted by the occupation of the Autonomous Republic of Crimea and some territory of the Donetsk and
Luhansk regions. The decentralization reform was
practically suspended on these territories. Temporarily occupied territories cover the area of 4.5 million
ha [6]. Thus, the territory with the ongoing decentralization reform was reduced by 13.4 %, the number of
territorial communities was decreased by 1,111, and
the number of districts – by 25 %.
Among the territorial communities, existing as of
January 01, 2015, 85.2 % were the communities, uniting village and town councils, i.e. the ones, located
in rural areas. The area of agricultural fields in these
communities was 41.13 million ha or 99 % of all the
area of the mentioned fields in the country. In this ter67
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ritory, agriculture is the prevailing kind of activity.
Therefore, power decentralization and reforming local
self-government is related to rural population first and
foremost, the location and functioning of agricultural
enterprises and rural households [2].
The issue of decentralization has been a point of
dispute in most European countries within the recent
decade [7].
The European Union continues the program of supporting decentralization in Ukraine, «U-LEAD with
Europe», which is financed by the EU and its member-states: Denmark, Estonia, Germany, Poland, and
Sweden. International projects for reforms in Ukraine
are also implemented by other expert and public organizations. The generalization of the experience of legal and organizational provisions and implementation
is of considerable interest both for Ukraine and for
other countries of Europe. This experience is interesting for Belarus, Moldova, Slovakia, Czech Republic
and Belgium [8].
The analysis of long-term experience of reforming
local self-government in Slovakia demonstrates that
the need for progress in the field of state local self-governance and local development is among the stimuli for
positive consequences: democratization, decentralization and modernization [9]. 25 years of reforming local
self-governance have demonstrated that the reform of
state administration in Slovak Republic is not completed yet, as the own income of the municipalities comprises only 11 % of the total income [10].
During recent 45 years the territorial issue has had
the central position in Belgium, which witnessed considerable transformations in the field of state decentralization [11].
Special relevance is attributed to the study of the directions and ways of implementing the second stage of
decentralization, which was started in 2019 at the initiative of the Government of Ukraine, in particular, in
terms of forming a new territorial basis of the country
at the level of communities and districts.
In recent 10–20 years, the process of uniting communities concerned over a dozen of European countries. The reforms of territorial organization of power
have had considerable differences. For instance, there
is no division of local self-government bodies into representational and executive ones at the lowest level in
Great Britain. In Scandinavian countries, reforming
was based on the principles of economic independence
of local communities, partnership and cooperation. In
68

Southern Europe (France, Spain), the main prerequisite of decentralization was completely voluntary participation in the communities. This fact conditioned the
incompleteness of reforms in some countries, refusal
from the participation or establishing the network of
interсommunale [12].
There are different deadlines for implementing decentralization reforms. For instance, in Norway the
completion of the decentralization reform is scheduled for January 01, 2020. The number of regions will
be reduced from 19 to 10, and municipalities – from
428 to 356, the main principle of reforming is voluntary participation, but it may be omitted for especially
small municipalities. The decentralization process in
this country will last for two and a half years. Denmark conducted the reform in 1960–2007, uniting 270
municipalities into 98, and from 2003 to 2015 Sweden
reformed 25 regions into 10 [13].
The specificity of the Polish decentralization reform
was its being enshrined in the Constitution. In Poland,
the decentralization of the country occurred due to administrative, political and economic reasons [14]. There
is a declared principle which states that «the territorial
structure of the country ensures the decentralization of
public authority, and self-governed community performs
public functions on its behalf and at its responsibility»
[15]. The preparatory period to implementing decentralization lasted ten years, and the reform was conducted
from 1989 till 2000, i.e. 11 years [16]. The stage-by-stage
approach, designed for reforming, envisaged the holistic
vision of its implementation even at the first stage. Specific positions and criteria were specified later. Poland is
believed to be one of the most decentralized countries of
Europe, as the local self-government controls a third of
all the state expenses [17].
The complexity of adapting international experience
in terms of introducing decentralization is conditioned
by unique conditions of each country. According to
the Constitution, the territorial structure of Ukraine is
based on the fundamentals of unity and integrity of its
state territory, balanced social-economic development
of the regions. Historic, economic, ecologic, geographical and demographic specificities were taken into
consideration along with ethnic and cultural traditions
[18]. The scientific substantiation of stage-by-stage approach to decentralization should be based on mutual
impact and predicament of all the abovementioned factors, specificities and traditions.
The problems of decentralization were studied by
many domestic and foreign scientists. The most known
AGRICULTURAL SCIENCE AND PRACTICE Vol. 6 No. 2 2019
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articles are scientific works by V. Bordenyuk, O. Boryslavska, Ch. Tiebout, Z. Varnaliy and N. Nyzhnyk.
The analysis of local self-governance in foreign countries demonstrates the use of several models. As it was
pointed out by V. Bordenyuk, the efficiency of any
administration system is determined by the ratio of
functions and authorities of state power bodies, their
distribution by functional and branch-wise principles.
Depending on the relations with state power bodies and
the volume of authorities, there are models of local autonomy and decentralization. Spain and Italy serve as
an example of autonomy, and France – that of decentralization. During reorganization of local self-governance in France, the number of regions in the country
should be reduced from 22 to 13. The reform came into
force on January 31, 2016 [19, 20].
O. Boryslavska states that the essence of decentralization is the division of tasks and functions, according to which most of them are delegated from the level of central authorities to the lower level and become
the task and authority of the latter. [21] One may not
ignore the conclusion of the American researcher, I.
Tiebout, who said that decentralization of production
met the needs of citizens better than centralized planning [22].
However, decentralization is not always related to the
delegation of public services to local self-governance
authorities. The main form of decentralization in many
developed countries is the Alternative Services Delivery (ASD). Non-state and private sectors are known for
their provision of services with smaller expenses.
According to the plan of implementing the measures for the second stage of decentralization, its
essence lies in solving key issues regarding the formation of new territorial basis of the country, delegation of the authorities to the self-government bodies
and creation of the proper resource basis for citizens
to exercise their authorities. Due to the fact that the
processes of power decentralization have been under
way in our country for five years, complex monographic studies of the experience obtained are still
limited. The monographs and other publications of
A. Tkachuk and Yu. Hanushchak contain the analysis of the course of reforms and the ways of their
completion [23, 24].

self-government in the EU member states, to estimate
the risks of decentralization in Ukraine in general and
in rural area in particular, and to establish the directions
of its development at the final stage.
MATERIALS AND METHODS
In order to solve the aims of the study, the monographic method of analyzing specialized literature, legislative and program documents, regulating the formation of united territorial communities, including rural
areas, was used along with abstract-logical and comparative methods.
While processing statistical materials, including the
data of the State service of Ukraine on geodesy, cartography and cadaster, the authors used mathematical,
graphic and mapping methods.
On-line media, systematically publishing information
on this topic, include the national portal «Decentralization». The Monitoring of power decentralization process and reforming local self-government in Ukraine is
published monthly regarding each region [6].
RESULTS AND DISCUSSION
As of May 10, 2019, 4,187 communities were united
into 899 united territorial communities, out of which
65 communities joined the newly created ones, and 63
joined 26 cities of regional significance*. In 2018 the
communities of the cities of regional significance were
recognized to be capable by law. The area of united
territorial communities is 217.5 thousand sq.m. (38.9
% of the total area of the country, without temporarily occupied territories). The number of residents in
the united territorial communities is 9.5 million people
(27.0 % of the total number of Ukrainian population,
without temporarily occupied territories). The number
of united territorial communities in terms of regions is
presented in Fig. 1, and the dynamics of forming communities in Ukraine in general in 2015–2019 is characterized by the data, presented in the chart (Fig. 2) (as of
May 10, 2019).
As of May 10, 2019, in Ukraine 6,774 territorial
communities (61.8 % of the total number of councils at
the basic level) remain non-united (without temporarily occupied territories) (Fig. 3).

The aim of the article is to determine the specificities
of uniting territorial communities at the national and
regional levels during the process of power decentralization, to generalize the experience of its legal and organizational provisions, the practice of reforming local

The number of districts, where no united territorial
community has been formed, is 94, and the promising plans of forming capable territorial communities,
approved by the Government, cover 81.9 % of the
territory of the country. Odesa (34.3 %), Vinnytsia
(41.3 %), Poltava (48.5 %) regions have the smallest
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The comparison of decentralization dynamics in
Ukraine against other European countries, whose experience was under our investigation, demonstrates that
positive evaluation of Ukraine’s achievements by the
European Union in this respect is fair. However, attention should be paid to extremely low results of uniting
territorial communities in Zakarpatska, Kharkivska,
and Kyivska regions in four years. We analyzed the decentralization process in each of the mentioned regions,
the main parameters of forming united communities in
which are presented in the Table.
Fig. 1. The number of united territorial communities in terms
of regions. Source: elaborated by the authors. The digital
data about uniting the communities, their characteristics,
dynamics of formation, consequences of implementing the
first stage of decentralization are presented according to the
source [6] and authors’ elaborations

Fig. 2. The formation of united territorial communities.
Source: elaborated by the authors

Zakarpatska region was established on January 22,
1946, it is located in far south-west of Ukraine and borders four countries – Poland, Slovakia, Hungary and
Romania.
Almost 2/3 of the territory of the region are covered by the Carpathian mountains, and the rest – by
the Tysa lowland. 192 settlements (20 % of the total
area) have the status of mountainous settlements. The
population of the region is presented by 30 nationalities, the major ones being Ukrainians (80.5 %),
Hungarians (12.1 %), Romanians (2.8 %), Russians
(2.8 %). Hungarian national minority lives densely in the territory of Berehivskyi, Uzhhorodskyi,
Vynohradivskyi and Mukachivskyi districts (Transcarpathia lowland), and Romanian national minority – in ten settlements of Tiachivskyi and Rakhivskyi
districts (Fig. 4).
337 territorial communities were in the region prior
to uniting. Three out of six united territorial communities – Irshavska, Perechynska, and Tiachivska are town
communities. All six new territorial communities were
formed in piedmont districts. There was no uniting of
communities in mountainous districts. There is a similar situation in the districts of Tysa lowland, where the
Hungarian national minority lives.

While estimating the general consequences of implementing the first stage of decentralization, it should
be noted that comparing against 2015, the number of
united communities increased up to 899 or 5.7 times,
their territorial resources are 21.8 million ha or 38.9 %
of Ukraine’s territory, and the number of the population of united communities is 9.5 million persons, i.e. it
increased 6.8 times in comparison to 2015.

The situation with reforming local self-government
in the region is conditioned by two groups of factors.
The first one includes blocking the decentralization
process by the state regional administration and some
district administrations, as well as considerable drawbacks of the organizational work in reforming (ignoring the requirements of perspective plan of forming capable communities and submitting the materials for the
consideration of the regional council and the Central
Election Commission of Ukraine, absence of proper
explanatory work, low level of controlling the activity
of village and town councils on the issues of implementing the reform).
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indices of covering their territory by the mentioned
plans. The perspective plan has not been approved for
Zakarpatska region yet.

RISKS AND PROBLEMS OF FORMING UNITED TERRITORIAL COMMUNITIES IN UKRAINE

Fig. 3. The uniting of territorial communities within districts in the territory of Ukraine. Source: elaborated by the authors

The second group of factors, restraining the processes of reforming local self-government and territorial
organization of power, are as follows:
a) absence of the required number of working places
to ensure the employment of residents, living in the
mountainous districts and absence of elaborated programs of developing the mentioned districts in the
structure of decentralization materials (creating industrial parks, development of tourism, wood-processing
industry, eco-business, preserving natural heritage,
creating ecologic objects, etc.). The results, obtained
by the scientists of the Transcarpathian regional center
of socio-economic and humanitarian studies, according
to such criteria as social infrastructure, resources, business activity, demonstrated that 55 % of the communities in the region have very low economic potential –
UAH 350 of income per one individual in 2015 (mostly
mountainous districts). At the same time, this index in
the most economically developed communities (Uzhhorod group) is UAH 5,000 of income per person [25].
The issue of creating capable territorial communities in
mountainous districts cannot be solved without elaborating the programs of their development, settling the
issues of proficit and deficit, creating relevant industrial structures. The abovementioned conditioned the

prolongation of the preparatory period and implementation of decentralization tasks:
b) legislative imperfection of the division of mountainous territories and the need to isolate them in the
composition of high-mountain areas while setting
higher subsidies and bonuses for them;
c) budgetary limitation of communities due to the
payment of taxes by the enterprises and industrial capacities at the place of registration of their management
body (Kyiv, Odesa, Kharkiv, Dnipro, Lviv) and not at
the place of locating industrial capacities within the jurisdiction of specific communities;
d) the specificities of considering the system of dense
settlement of national minorities while solving the issue of uniting communities.
In Kharkivska region, two first years of reforming
(2014, 2015) were spent organizing and preparing due
to the absence of accurate information, special misrepresentation of the reforming fundamentals by some local officials and great resistance on their part. In 2016
alone, 4 out of 57 united communities, approved by the
perspective plan, were formed. That is when the decision
was made – not to disrupt the principle of voluntary involvement, but to focus on solving the following issues:

The main parameters of forming united territorial communities (UTC) in specific regions

Region

Zakarpatska
Kharkivska
Kyivska

6
17
17

Territorial communities,
which have united

Including, in terms of years

Total number
of UTC
2015

2016

2017

2018

number

%

2
–
1

1
4
1

3
8
7

–
5
8

20
79
108

5.9
17.2
16.4
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1) the Parliament does not have enough votes to
amend the Constitution of Ukraine about the implementation of decentralization concept. It is impossible
to complete the plan of implementing the remedies of
its second stage without the introduction of constitutional changes. Therefore, the three-year-long period,
allocated to complete reforms (2019–2021), is not substantiated sufficiently;
2) regional councils are too politicized, and the
state regional administrations perform the functions,
uncharacteristic for them in terms of reforming local
self-government, and present their resistance. Here
legislative norms are ignored, but there are no defined
mechanisms of implementing remedies;
3) due to absent perspective plans of social-economic
development of united territorial communities, the process of substantiating the capability of united communities and the terms of decentralization implementation
is restrained;

Fig. 4. The scheme of locations of territorial communities in
Transcarpathia region

4) the requirements regarding excessive district councils in cases «one district – one community» are ignored.

• organizing information distribution about the aim,
tasks, terms of decentralization;

5) the boundaries of the communities are neither being determined nor changed, there is no work in terms
of reflecting the process of dividing the land by ownership forms in the State Land Cadaster [26];

• believing the priority to be the creation of capable
communities, which would rise to the development in
the nearest future;

6) the problems of staffing the executive bodies of
territorial communities and delegating relevant authorities to them are not solved on time.

• developing a clear perspective program: action plan,
source of income, possible expenses, budget accumulation, allocation of finances, directions of investing;

CONCLUSIONS

• instead of impacting local self-government bodies,
attracting international partners and donors, in particular, the Consulate General of Poland in Kharkiv, and
establishing its own center to teach personnel, to elaborate the required documentation, to organize assistance
for local self-government bodies.
At the end of 2018, the implementation of the mentioned tasks resulted in creating 17 large capable territorial communities in Kharkivska region, which
cover 18.4 % of the regional territory. This path was
also chosen in Kyivska region, where 17 newly created communities included three cities of regional
significance that had joined some communities, giving rise to further similar uniting of other territorial
communities.

Among the consequences of implementing the tasks
of the first decentralization stage in Ukraine, there is an
evident considerable increase in the number of united
territorial communities with the territorial resources of
over 40 % of the total area of state land, 85.2 % of
which are communities, uniting village councils, and
the number of residents with the consideration of the
cities of regional significance, is 69.9 % of the total
population.
The main drawbacks of the first decentralization
stage should be defined as follows: the main provisions
of decentralization are not enshrined in the Constitution, the preparatory period is extremely limited, there
are no programs of perspective development of the
communities, the reform is blocked by some state administrations and district councils.

Taking into consideration this study, the following conclusions may be made about the risks of decentralization:

The completion of decentralization process should
be directed at adopting legislative acts on transferring
the land beyond settlements into communal ownership,
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amending the Land code of Ukraine, laws on land structure and the State Land Cadaster in terms of determining the boundaries of the communities and composing
the schemes of land structure, expanding the composition of land cadaster documentation. The authorities
of united territorial communities in terms of regulating land relations at the local level should be defined
in legislation. The completion of forming communal
ownership on land will both demonstrate the success
of decentralization and allow implementing the tasks
of land reform.
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Мета. Визначити особливості об’єднання територіальних громад на загальнодержавному та регіональному
рівнях у процесі децентралізації влади, узагальнити
досвід її правового й організаційного забезпечення,
практику реформування місцевого самоврядування в
країнах Європейського Cоюзу, оцінити ризики децентралізації в Україні і зокрема в сільській місцевості та
сформувати напрями її розвитку на завершальному етапі. Методи. Монографічний, математико-статистичний,
картографічний, абстрактно-логічний, порівняльний, аналітичний аналіз. Результати. Обсяг робіт, виконаний
протягом першого етапу реформи децентралізації (2014–
2018 рр.), дав можливість Раді Європи оцінити цю
реформу як найуспішнішу з усіх реформ, що здійснюються в Україні. Серед територіальних громад 85,2 %
(на 1.01.2015 р.) складають громади, що розташовані у
сільській місцевості, де сільськогосподарська діяльність
населення є переважаючим видом діяльності. Отже, децентралізація влади та реформування місцевого самоврядування стосується передусім сільського населення.
Однак дослідженням підтверджено, що реалізація заходів із реформування стримувалася через конституційну незакріпленість основних положень децентралізації, відсутність чітких планів розвитку об’єднаних
громад, неподоланність відсторонення місцевих рад від
управління земельними ресурсами за межами населених пунктів, блокування реформи обласними та районними органами виконавчої влади. Висновки. Існуюча система розселення сільського населення, що характеризується значною кількістю дрібних сіл, особливістю територіальної організації влади (40 % місцевих
рад мають населення менше 1 тис. осіб) та дотаційністю
AGRICULTURAL SCIENCE AND PRACTICE Vol. 6 No. 2 2019

майже 50 % сільських і селищних бюджетів, зумовлюють укрупнення громад як єдиний захід формування
спроможного місцевого самоврядування. Зосередженість
повноважень щодо управління територіями в органах
виконавчої влади, відсутність повсюдності місцевого
самоврядування та земельних ресурсів у комунальній
власності, фінансова обмеженість рад підтверджують,
що без кардинальної зміни існуючого положення більшість територіальних громад і надалі залишатимуться
неспроможними у правовому, організаційному та фінансовому відношеннях. Досвід реалізації завдань децентралізації в регіонах свідчить, що рівень організаційнороз’яснювальної роботи та контролю за реформуванням
мають бути істотно підвищені. На законодавчому рівні
слід вирішити питання впорядкування поділу гірських
територій із встановленням для високогірних районів
більш високих розмірів надбавок і пільг, удосконалення
бюджетної обмеженості громад через зміну системи
оподаткування, підвищити роль міст обласного значення
як центрів об’єднаних територіальних громад. Ризиками
здійснення децентралізації на цьому етапі в Україні
є: неможливість завершення плану реалізації заходів
її другого етапу без внесення змін до Конституції,
невизначеність механізмів реалізації заходів реформування місцевого самоврядування, за умов, коли обласні
ради є занадто політизованими, а обласні державні
адміністрації виконують невластиві для них функції і
чинять опір; відсутність перспективних планів соціальноекономічного розвитку територіальних громад стримує
процес обґрунтування їхньої спроможності та строки
реалізації децентралізації; ігнорування вимог щодо зайвості районних рад у випадках «один район – одна
громада»; відсутність упровадження встановлення меж
громад, змін меж районів, робіт щодо відображення у
Державному кадастрі процесу розмежування земель за
формами власності; несвоєчасність вирішення проблем кадрового забезпечення виконавчих органів територіальних громад і передачі їм відповідних повноважень.
Ключові слова: територіальні громади, децентралізація,
комунальна власність на землю, місцеве самоврядування,
земельно-кадастрова документація, встановлення меж
громад.
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ном уровнях в процессе децентрализации власти, обобщить опыт ее правового и организационного обеспечения, практику реформирования местного самоуправления в странах Европейского Союза, оценить риски
децентрализации в Украине и, в частности в сельской
местности, и сформировать направления ее развития
на завершающем этапе. Методы. Монографический,
математико-статистический, картографический, абстрактно-логический, сравнительный, аналитический анализы. Результаты. Объем работ, выполненный в течение первого этапа реформы децентрализации (2014–
2018 гг.), позволил Совету Европы оценить эту реформу
как самую успешную из всех реформ, осуществляемых
в Украине. Среди территориальных общин 85,2 % (на
1.01.2015 г.) составляют общины, расположенные в
сельской местности, где сельскохозяйственная деятельность населения является преобладающим видом
деятельности. Итак, децентрализация власти и реформирование местного самоуправления касается прежде
всего сельского населения. Однако исследованием подтверждено, что реализация мероприятий по реформированию сдерживалась из-за отсутствия конституционно утвержденных основных положений децентрализации, четких планов развития объединенных общин,
отстранения местных советов от управления земельными ресурсами за пределами населенных пунктов,
блокирования реформы областными и районными органами исполнительной власти. Выводы. Существующая система расселения сельского населения характеризуется наличием значительного количества мелких
сел, особенностью территориальной организации власти (40 % местных советов имеют население менее
1 тыс. человек) дотационностью почти 50 % сельских
и поселковых бюджетов, что обусловливает укрупнение
общин как единственную меру формирования способного местного самоуправления. Сосредоточенность полномочий по управлению территориями в органах исполнительной власти, вездесущность местного самоуправления и коммунальной собственности земельных
ресурсов, финансовая ограниченность советов подтверждают, что без кардинального изменения существующего положения большинство территориальных общин
и в дальнейшем будут оставаться недееспособными в
правовом, организационном и финансовом отношениях. Опыт реализации задач децентрализации в регионах показывает, что уровень организационно-разъяснительной работы и контроля за реформированием
должны быть существенно повышены. На законодательном уровне следует решить вопросы упорядочения разделения горных территорий с установлением
для высокогорных районов более высоких размеров
надбавок и льгот, усовершенствование бюджетной
сферы общин через изменение системы налогообложения, повышение роли городов областного значения
как центров объединенных территориальных общин.

Рисками осуществления децентрализации на этом
этапе в Украине являются: невозможность завершения
плана реализации мероприятий, его второго этапа, без
внесения изменений в Конституцию, неопределенность
механизмов реализации мероприятий по реформированию местного самоуправления в условиях, когда
областные советы слишком политизированны, а областные государственные администрации выполняют
несвойственные для них функции и оказывают сопротивление; отсутствие перспективных планов социальноэкономического развития территориальных общин сдерживает процесс обоснования способности и сроков
реализации децентрализации; игнорирование требований районных советов в случаях «один район – одна
община»; отсутствие границ общин, изменений границ
районов, работ по отражению в Государственном кадастре процесса разграничения земель по формам собственности; несвоевременность решения проблем кадрового обеспечения исполнительных органов территориальных общин и передачи им соответствующих
полномочий.
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Aim. The main aim of the research was to compare different methods of fermentation medium energy efficiency
agitation. Methods. The analysis of mass transfer processes in fermenters using different methods of agitation
was made. Experimental determination of energy consumption for medium agitation while using a mechanical
agitator and an external circulation loop was realized. Estimation of energy efficiency indices. Results. It was
determined that energy efficiency of agitation by circulation during the cycle of bacterial preparation Planriz
BT (Biotechnica) exceeded mechanical agitation 1.3 times in case of aeration, and 2.6 times in the non-aeration
mode. Conclusions. The method of agitation by circulation of fermentation medium using an external loop is
more energy-efficient compared to mechanical agitation even in the case of using a slow-speed agitator.
Keywords: energy efficiency, fermentation medium, agitation, intensity, circulation, fermenter.
DOI: https://doi.org/10.15407/agrisp6.02.076

INTRODUCTION
Energy efficiency improvement of industrial production is a global tendency. However, practical implementation of the task of ensuring a high level of
energy efficiency meets some difficulties, as specific
methods of technological processes optimization are
notable only for some industries (construction, power
economy, etc.). Usually energy efficiency improvement of industries in other spheres is based on decreasing energy losses while the implementation of technological processes and energy losses reduction for
non-industrial needs [1].
The study is aimed at solving the problem of technological processes energy efficiency improvement of
microbiological preparations manufacturing. As there
is no common optimization methods for industrial microbiology, the engineering solutions, aimed at reducing the level of power consumption, are mainly used to
enhance energy efficiency of processes. However, this
approach has some limits: it does not provide for the
comparison of energy efficiency of implementing the
same process with using of principally different technological methods [2].
© V.
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For instance, the agitation of fermentation medium
during submerged cultivation of microorganisms may
involve the application of several methods: mechanical agitation, barbotage, agitation using external or
internal circulation loop, etc. Each method envisages
the presence of principally different equipment, the
efficiency of which is not determined by power consumption only. The selection of the most energy-efficient method of agitation should consider quantitative
and qualitative characteristics of the process. Previous analytical studies [2] demonstrated that medium’s
circulation around the external loop with the use of a
pump is the most energy-efficient agitation technique
[3]. Experimental studies are required to substantiate
this conclusion.
Ensuring of a proper level of microbiological preparations’ manufacturing energy efficiency is mainly
possible via power consumption reduction by usage of
technological processes automation and non-technological origin power consumption decrease (heating of
premises, illumination of working places, etc.) [4].
Among the studies, dedicated to the energy efficiency of equipment in biotechnology, it is noteworthy the
paper [5].
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The authors presented the results of energy efficiency
comparison of the microboilogical preparations cultivation methods using bioreactors of different design,
obtained via computer modeling of physical and biological processes. It is not deemed possible to determine energy efficiency of specific technological processes of fermentation stage (agitation, aeration, etc.)
based on these data.
The issue of energy efficiency improvement of fermentation medium agitation is not sufficiently described in scientific literature. Current studies are
mainly related to the most common mechanical method
of agitation [6–8]. Energy efficiency improvement is
envisaged due to the power consumption reduction by
the optimization of fermenter’s design [6, 7] or maintenance of experimentally determined optimal conditions
for agitators of such type [8].
Designing of external circulation loop is mainly
aimed at solving specific technological tasks [9, 10],
for instance, they are used for simultaneous implementation of several technological processes [11, 12].
However, no studies have been found regarding the
application of external circulation loops with pumping
as engineering solutions used for energy efficiency improvement of fermentation medium agitation.
Therefore, references analysis demonstrates that
studies devoted to energy efficiency improvement of
technological processes, in particular, agitation of fermentation medium, are isolated and limited by the improvement of specific devices. So the comparison of
energy efficiency of fermentation medium’s agitation
different methods in manufacturing of microbiological
plant protection products was the aim of this research.

analysis of the process, and the second one – experimental determination of power consumption. The agitation energy efficiency was calculated as reciprocal
specific power consumption per unit of fermentation
medium volume [2].
The analytical part of the study included:
▪ determination of flows distribution specificities in
experimental equipment based on reference data;
▪ determination of mass transfer intensity using Reynolds number based on technical characteristics of the
agitator and circulation pump with the consideration
of indicated flows distribution specificities;
▪ comparison of the obtained processes mass transfer
characteristics.
The experimental part of the study included physical modeling of mass transfer in fermenters with the
determination of electric energy consumption. The
schemes of experimental equipment are presented in
Fig. 1 and 2.
The mechanical agitation of fermentation medium
was simulated at experimental setup No. 1 (Fig. 1).
The equipment consists of a thin-walled fermenter of
FTU type 1 with the working volume of 70 l, equipped
with the mechanical agitator 2 with the consumption of
N = 0.036 kW and the rotation frequency of 50 rpm.
The medium aeration was realized by barbotage. Pressured air was supplied by compressor 4 to the fermenter bottom through a hollow agitator shaft 3.
The agitation by circulation was simulated at experimental setup No. 2 (Fig. 2), based on the use

MATERIALS AND METHODS

of a thin-walled fermenter of FTU type 1 with the
working volume of 70 l. The fermenter was equipped
with the external circulation loop 3, the centrifugal
pump Aquario AC 254-180 2 with the nominal electric power of 0.05 kW and three wheel velocities
(n = 1710…2850 rpm). The aeration of the medium
was performed by jet mixer 4. For this purpose, pressured air was supplied through the nozzle into the cocurrent flow of the medium.

Two methods of fermentation medium agitation were
explored: mechanical method and agitation using circulation. The mechanical agitation was realized by the
slow-speed agitator. The agitation by circulation was
implemented using the external circulation loop with
pumping.
There were analytical and experimental parts in the
study. The first part was aimed at comparing mass
transfer processes based on the hydraulic schemes

The pressured air was supplied to both experimental
equipment sets using a piston-type compressor ABAC
FC2/50 at 1.5 bar at the reducer outlet. The evaluation
of power consumption in the experiments was conducted using an electric meter SA4U-I672M with the
accuracy class 2. It should be noted that experimental setups were built on the basis of the equipment of
prototype fermentation complex KFM-420 [13]. The
complex is a technological line for microbial pesti-
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Previous studies of different methods of fermentation medium agitation [2] showed that the most energy
efficient method was agitation by using an external
circulation loop. This article was aimed at analytical
and experimental substantiation of previously obtained results.
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As bacterial preparations are less sensitive to the
mechanical stress, resulting from the medium transfer
through the blade wheel of the pump, mass transfer
processes were modeled for fermentation medium to
cultivate the bacterial preparation Planriz BT. The
weight fraction of dry components in the medium did
not exceed 5 %. Thus, its viscosity – one of the key
characteristics, impacting mass transfer processes, –
was almost not different from water viscosity in experiments.

Fig. 1. The experimental setup No. 1: 1 – thin-walled fermenter; 2 – turbine agitator; 3 – hollow shaft of agitator;
4 – air compressor; 5 – electric meter; A – air; F – fermentation medium

The general experiments technique was: 70 l of the
medium were supplied to the fermenter, and then process of agitation with one of the methods was started.
The agitation lasted for the estimated time. The readings of the electric meter were registered prior to and
after the agitation, and their difference demonstrated
power consumption for the process. Energy consumption was determined for each agitation method in two
modes: with and without medium aeration.
The results processing technique consisted of the
determination of agitation power consumption by the
readings of the electric meter and further statistical
data processing by means of MS Excel [14]. Power
consumption, obtained in the experiment, and experiment duration were used to calculate agitation electric energy consumption for the Planriz BT cultivation
cycle, which lasted for 24 h. Then energy efficiency
was found.
RESULTS AND DISCUSSION

Fig. 2. The experimental setup No. 2: 1 – thin-walled fermenter; 2 – circulation pump; 3 – external circulation loop;
4 – jet mixer; 5 – medium spray device; 6 – air compressor;
7 – electric meter; A – air; F – fermentation medium

1. The analysis of mass transfer processes. Mass
transfer processes analysis was used for meaningful comparison of the fermentation medium agitation
methods, realized by principally different hydraulic
schemes. This necessity arises from the general concept of energy efficiency, which may be formulated as
follows: energy efficiency of the process is a ratio of a
beneficial effect and energy consumption needed for its
obtaining [15]. Thus, meaningful comparison of different methods of the technological process implementing
is possible only when beneficial effects, obtained by
these methods, are comparable.

cides production with the productivity of 140…420 l /
cycle. It consists of four automated modules, designed
for autonomous implementation of technological processes stages (preparation and sterilization of nutrient
medium, purification of water and air, microorganism
cultivation). The experimental setups were switched to
the fermentation module, that consisted of fermenters
of FTU type with the volume of 100 l each.

There was fermentation medium volume selected as
beneficial effect in determining energy efficiency of
agitation [2]. Therefore, medium volume should have
the same properties for both agitation methods for the
comparison. This result could be obtained by ensuring
similar mass transfer characteristics.
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Flows distribution characteristics were investigated
during the analytical study. These characteristics were
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taken into account in mass transfer intensity estimation
and further comparison of the processes.
Flows distribution schemes, formed in the fermenter during mechanical agitation, were studied rather
thoroughly [16–19]. There are two types of fluid flow
patterns inside the fermenter created by the impeller:
the main radial flow, which is formed perpendicularly to the agitator axis, and the secondary axial flow
(pumping), which is formed when fluid circulates
along the axis [16]. The intensity of these flow patterns depends on the impeller type and velocity of its
rotation [17, 18].
The analysis demonstrated that low speed of the impeller (50 rpm) led to low intensity of both main and
secondary flows. The most intensive medium movement occurred in the area, close to the impeller, i.e. in
this case it covered bottom layers of the medium. The
surface layers, located far from the impeller, moved
more slowly. The axial flow is not intensive, so surface and bottom layers’mixing is insignificant. Consequently, there are two hydrodynamic zones inside the
fermenter created by the slow-speed agitator: intensive
medium movement zone, located near the bottom, and
slow medium movement zone located near the surface
(Fig. 3, а).
In the case of agitation by circulation the main flow is
pumping. It is formed along the fermenter axis, as bottom layers are pumped through the external loop and
jetting at the surface of the medium. However, medium
movement conditions in the fermenter and in the circulation loop differ considerably because of a big difference in the flows cross-section. The analysis shows
that slow gradual movement of the medium takes place
inside the fermenter and intensive movement occurs in
the circulation loop. Thus, in the case of agitation by
circulation two zonesalso existed: intensive medium
movement zone, located in the external circulation
loop, and slow medium movement zone located inside
the fermenter (Fig. 3, b).
Therefore, regardless of different principles of the
process organization, qualitative agitation characteristics are similar for both methods: there are two hydrodynamic zones with different mass transfer intensity in
setups. There was detailed analysis of medium agitation intensity in these zones for each setup.

Fig. 3. Zones of vigorous mixing and slow movement of the
medium that were brought about as a result of mechanical
agitation – a; agitation by circulation – b. 1 – zone of vigorous medium mixing; 2 – zone of slow medium movement;
A –pressured air; F – fermentation medium

chanical agitation and agitation by circulation are different [16, 18]:
w·d·ρ
Re =
μ
2
n·D ·ρ
Re* =
μ
where Re, Re* – Reynolds number for fluid flows in
channels of different geometry and for tanks with mechanical agitation; d – diameters of fermenter and pipeline of external circulation loop, m; n, D – wheel velocity, s–1, and impeller diameter, m; ρ, μ – density, kg/cu
m, and dynamic viscosity of the medium Pa∙s.
Obviously, it is impossible to compare the results,
obtained by means of equations (1) and (2), directly.
Thus, to compare the agitation intensity, the values
of Re and Re* were estimated regarding the limits of
laminar-turbulent transfer for the flows in channels and
apparatus with agitators respectively.

The agitation intensity in fermenters and bioreactors
is generally viewed in terms of fluid dynamic dimensionless quantity numbers, such as Reynolds number.
However, the equations used for calculations of me-

The transfer for fluid flows in channels with different
geometry occurred at Retrans ≈ 2300 [11, 16]. There is
no such constant value for the transfer from the laminar
to turbulent flow for mechanical agitation in tanks. The
range of Re*trans typically is obtained empirically considering the type of the agitator, its arrangement inside
the fermenter and geometry of the apparatus [16–19].
On the basis of reference data [19] it was determined
that the range of Reynolds number on laminar-turbulent transition for agitators with turbine impellers, lo-
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cated near the bottom, was Re*trans = 102…103 and
developed turbulence started at Re* > 105.
The estimates suggested that the range of Reynolds
numbers was Re* = 8500 for main (radial) flow and Re*
≈ 1000 for secondary (axial) flow. Thus, there was a
turbulent medium flow in zone 1 (Fig. 3, a), and transitional flow in zone 2.
In the case of agitation by circulation the range of
Reynolds numbers was Recirc = 9500…15700 in the
external loop and Referm < 600 inside the fermenter. Consequently, the medium flow in zone 1 (Fig. 3,
b) was also turbulent, and there was a laminar flow
in zone 2. It is noteworthy that the medium aeration
intensified mass transfer in both cases considerably,
but it was not critical for hydrodynamic schemes of
the process.
Therefore, regardless of the fact that the agitation in
the setups occurred by different hydraulic schemes,
mass transfer processes were qualitative similar. It allowed for a conclusion that the quality of mechanical
agitation and agitation by circulation were found to
be similar.
The experiments should be carried out for final identification of the medium flow patterns which occurred
inside fermenters. However, the results of the conducted analysis are quite enough for energy efficiency estimation of the equipment.

2. Experimental study. The experimental studies were
aimed at electric power consumption determination of
agitation and further estimation of the energy efficiency
of the methods. Two equipment operating modes were
studied: with and without aeration of the medium.
As noted above, experimental setups are the components of the fermentation complex – a working
technological line for microbial pesticides production
[13]. The specificities of this fermentation equipment
operation in actual conditions were considered during
the medium agitation modeling. First and foremost, it
is related to the operating modes of the fermenter and
the pump. For instance, it is envisaged that mechanical
agitation occurred permanently during the whole fermentation stage, and the agitation by circulation had
periodic nature. The medium aeration was also periodic. Regardless of the agitation method, the air was
supplied once an hour in the amount of 2.2 l per 1 l of
the medium.
It stands to mention that fermenters with the agitator
and with external circulation loop, as parts of the fermentation complex, allow to obtain bacterial preparations, in particular, Planriz BT, of the similar quality.
Mechanical agitation. Power consumption for mechanical agitation in the mode without aeration was
0.036 kW∙h per one hour of the cycle. In terms of the
whole 24-hour cycle, this value would be 0.87 kW∙h.
In the mode with aeration, 0.115 kW∙h was consumed

Table 1. Power consumption for agitation by circulation in the mode without aeration
Frequency
of blade wheel
rotation, rpm

Pump
consumption,
cu dm/min

Time
of complete
circulation,
min

Power
consumption
per one
circulation,
kW∙h

Number
of circulations
per h

Power
consumption
per one hour of
the cycle, kW∙h

Power
consumption
for one cycle,
kW∙h

1710
2280
2850

7.2
9.6
12.0

9.72
7.29
5.83

0.007
0.006
0.005

2
2
2

0.014
0.012
0.010

0.347
0.295
0.257

Table 2. Power consumption for agitation by circulation in the mode with aeration
Frequency of blade
wheel rotation, rpm
1710
2280
2850
80

Power consumption per one hour of the cycle, kW∙h
for the first circulation for the second aeration
(with aeration)
(without aeration)
0.081
0.071
0.091

0.081
0.071
0.091

total

Power consumption
for one cycle, kW∙h

0.088
0.077
0.096

2.12
1.84
2.31
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per one hour of the cycle, 0.085 kW∙h of which – during the joint work of the compressor and the agitator.
Power consumption per one cycle in this mode was
2.77 kW∙h.
Agitation by circulation. Power consumption for agitation by circulation was determined for each pump
wheel velocity. The time, required for agitation, was
calculated with the consideration of the period
of complete single circulation of the whole volume of
the medium using the external loop. It was determined
that double circulation of the medium per each hour of
the cycle was sufficient for quality agitation [2].
The results of electric power consumption estimation
for agitation by circulation in the mode without medium aeration are presented in Table 1.
In the mode with medium aeration the air was supplied during the first circulation at each hour of the
cycle, the second circulation was without aeration.
Pressured air was supplied into the cocurrent flow
of the medium, circulating in the external contour
(Fig. 2). This scheme of aeration envisaged a decrease
in the consumption of the pump by 15–20 % on average. Therefore, the time need for complete circulation
increases. However, a process duration decisive factor
was the supply of estimated air volume, which conditioned the increase in the time of agitation for all the
wheel velocities of the pump up to 11.5 min on average. The results of estimating electric power consumption for agitation by circulation in the mode with aeration are presented in Table 2.

Fig. 4. The energy efficiency of agitation by circulation at
different wheel velocities of the pump

The obtained values of power consumption were used
to estimate energy efficiency of fermentation medium
agitation by equation, suggested in the works [1, 2]:
e=

V
E

where e – index of energy efficiency of fermentation
medium agitation, l/(kW∙h); V – useful effect of the
process – fermentation medium volume in the setup, l;
E – agitation power consumption per cycle, kW∙h.
The energy efficiency of agitation by circulation at
different wheel velocities is presented in Fig. 4.
The analysis of the histogram shows that for the setup operating mode without aerationб energy efficiency
increases proportionally to increasing the wheel velocity as complete recirculation of the whole volume
of the medium at higher velocity required less time.
Therefore, the optimal operating mode of the circulation loop, from the standpoint of efficiency usage of

Fig. 5. The comparison of energy efficiency of different fermentation medium agitation methods
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electric energy, can be obtained at the second pump velocity (2280 rpm) which corresponds to the maximal
energy efficiency of agitation by aeration.
The comparison of energy efficiency of mechanical
agitation and agitation by circulation in the optimal
operating mode (Fig. 5) demonstrated that energy efficiency of agitation by circulation was 2.6 times higher
compared to the mechanical method in the mode without aeration, and 1.3 times higher – with aeration.
CONCLUSIONS
The study demonstrated that the energy efficiency of
fermentation medium agitation realized by means of external loop circulation exceeded the energy efficiency of
the most common mechanical method 1.3…2.6 times
even in the case of slow-speed agitator usage, which
confirmed the results of previous analytical research
[2]. Thus, the agitation by circulation is a higher priority
engineering solution compared to the mechanical agitator usage at similar mass transfer characteristics. At the
same time the greatest difficulties in determining the energy efficiency were conditioned not by estimations, but
by substantiation of the accuracy of comparing the methods, based on different hydraulic schemes. Therefore, it
is reasonable to direct further researches at improving
the method of estimating the quality of agitation while
applying principally different technical techniques.
The work was conducted within the implementation
of the state budget program of scientific research in
2016–2020. ASR 10 Biotechnica.The author claims the
absence of any conflict of interests.
Дослідження енергоефективності перемішування
ферментаційних середовищ при виробництві
мікробіологічних препаратів для захисту рослин
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рату Планриз БТ (Біотехніка) перевищує механічне перемішування в 1,3 рази при застосування аерації і в 2,6
рази в режимі без аерації. Висновки. Перемішування
циркуляцією ферментаційного середовища зовнішнім
контуром є більш енергоефективним способом, ніж механічне перемішування, навіть у разі використання малопотужної мішалки.
Ключові слова: енергоефективність, ферментаційне середовище, перемішування, інтенсивність, циркуляція,
ферментер.
Исследование энергоэффективности перемешивания
ферментационных сред при производстве
микробиологических препаратов
для защиты растений
В. П. Ярошевский
Инженерно-технологический институт
«Биотехника» НААН, Украина
67667, Одесская область, Беляевский р-н,
пгт Хлебодарское, ул. Маякская дор., 26, Украина
e-mail: wladscience@gmail.com
Цель. Сравнение энергоэффективности разных способов перемешивания ферментационных сред. Методы.
Анализ массообменных процессов в ферментационных
аппаратах при использовании разных способов перемешивания. Экспериментальное определение энергозатрат на перемешивание среды при применении механической мешалки и внешней циркуляционной линии.
Расчет показателей энергоэффективности. Результаты.
Установлено, что энергетическая эффективность перемешивания циркуляцией за цикл наработки бактериального препарата Планриз БТ превышает механическое
перемешивание в 1,3 раза при использовании аэрации
и в 2,6 раза в режиме без аэрации. Выводы. Перемешивание с использованием циркуляции ферментационной среды по внешнему контуру является более
энергоэффективным способом, чем механическое перемешивание, даже в случае использования маломощной
мешалки.
Ключевые слова: энергоэффективность, ферментационная среда, перемешивание, интенсивность, циркуляция, ферментер.
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і цікавою.
«Вступ». Аналіз сучасного стану наукової проблеми, яку ви розглядаєте. До кожного факту, будь ласка, кілька джерел світової
літератури. В останньому абзаці вступу крім «мети» (тільки не давайте повтор заголовка рукопису), сформулюйте бачення
кінцевого результату Вашого дослідження і чи всі гіпотези підтвердилися.
«Матеріали і методи». Три основних критерії: повторність, методи лабораторного аналізу, методи статистичної обробки (не
використовуйте критерій Ст’юдента та НІР). Зміст цього розділу повинен дати можливість повністю повторити Ваші дослідження.
Для багатьох експериментальних робіт цей розділ може займати «левову» частку тексту. Якщо ви працюєте з біологічними
об’єктами – локальний етичний комітет повинен підтвердити програму Ваших досліджень. Про це обов’язково слід написати в
«Матеріалах та методах» Вашого рукопису.
«Результати». Перелік основних результатів власних досліджень.
«Обговорення». Порівняння ваших здобутків з основними дописувачами по цій темі. Тут не можна давати «нові» дані, які раніше
не вказувалися в «результатах».
«Висновки». Чи всі гіпотези даної роботи підтвердилися в світі нового, здобутого в цій роботі; перспективи подальших
досліджень. Тільки не перефразовуйте «Обговорення».
Дотримання етичних стандартів. Обов’язковий розділ для статей:
▪ вказати всі джерела фінансування роботи кожного учасника і всього колективу авторів;
▪ вкажіть інформацію про конфлікти інтересів;
▪ вкажіть інформацію про дотримання стандартів роботи з тваринами;
▪ вкажіть інформацію про дослідження, де в якості об’єктів виступають люди.
У пункті «Підтримка» при посиланнях на гранти необхідно вказувати фонд, назву гранту та/або номер.
Таблиці повинні мати заголовок і порядковий номер. Посилання на таблиці в тексті відповідають порядковим номерам. Примітки
до таблиць розміщують безпосередньо під ними. Усі скорочення повинні бути розшифрованими.
Ілюстрації у кольоровому і чорно-білому варіантах в одному зі стандартних форматів − .xls; .cdr; .tif; .jpg повинні бути чіткими,
«живими», мати порядкові номери з прив’язкою у тексті, підписи – лаконічними та зрозумілими.
Особливу увагу просимо звернути на список цитованої літератури.
Список літератури формується в порядку цитування. У списку наводяться такі відомості: прізвище та ініціали автора, назва
статті, назва журналу або книги і далі – для періодичних видань: 1) рік видання; 2) том; 3) номер періодичного видання; 4) перша і
остання сторінка; для неперіодичних – місце видання, назва видавництва, рік видання, загальна кількість сторінок. У тексті статті
посилання на літературу позначаються порядковою цифрою у квадратних дужках. Стиль формування списку літератури див. на
сайті www.agrisp.com і у журналі. Всі джерела повинні бути присутніми в інтернеті. DOI (при наявності) – обов’язковий елемент
списку використаних джерел.
Не дозволяється «власний» переклад; назви статей з періодичних видань повинні відповідати англомовним резюме, розміщених
у виданнях із зазначенням мови первинної публікації в перекладному виданні. Назви видавництв подаються у транслітерації,
якщо журнал не перекладається – його назва також транслітерується.
Половина Вашої бібліографії повинна бути опублікована за останні 5 років, не більше 5 % бібліографії – Ваші публікації,
максимум – кілька джерел «сірої літератури» (без індексів DOI).
Неприпустимо посилатися на гіперпосилання, автореферати дисертацій, монографії, матеріали з’їздів і конференцій,
службові матеріали (ДСТУ).
Посилатися на інтернет-ресурси можна за наявності у джерела DOI.
Бажано цитувати джерела, опубліковані після 2010 р. (якщо це не регламентується умовами представленої роботи).
Після отримання рецензії, у випадку необхідності переробки рукопису, автор обов’язково пише пояснювального листа до
рецензента і в тексті рукопису позначає кольором виправлені місця.
Увага! Статті, оформлені не за правилами, повертаються авторам без реєстрації та розгляду.

