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The ecosystems of the modern biosphere reserve «Askania-Nova» have been signifi cantly transformed in the 
course of almost 120 years of its existence and have in their natural-anthropogenic line all the variants of na-
ture management inherent in the Dnieper-Molochnianske interfl uve. The largest protected steppe ecosystem of 
Europe and the oldest one on the planet has become a steppe oasis among the agrolandscape. Aim. The aim of 
the study was to determine the species diversity of rare fauna in the territory of the biosphere reserve, protected 
by the Red Book of Endangered Species of Ukraine, the Red Book of the International Union for Conservation 
of Nature, and according to international conventions for biodiversity preservation. Methods. The studies were 
conducted via the analysis of literature and archive data, electronic databases of the authors, visual observa-
tions over animals within the boundaries of the biosphere reserve and insects from light traps, application of 
ultrasound Pettersson D 240x and Pettersson D 500x detectors with further processing using BatSound and 
Excel 2016 software. Results. 130 species of animals listed in the Red Book of Ukraine, 324 protected ones 
according to the Bern (1979) and Bonn (1979) conventions, as well as 66 species included in the list of the 
International Union for Nature Conservation were found in the biosphere reserve «Askania-Nova». A gradual 
decrease of the special steppe rare fauna with a simultaneous increase in ecological niches for rare animals 
of other climatic zones is traced. The character of the stay of the protected species changes and the quantita-
tive indices of steppe taxa are reduced with the simultaneous increase in wetland and polyecotopic ones. 
Conclusions. The relevance of the correction of the existing edition of the Red Book of Ukraine has been 
proven, which concerns additional listing of 87 animal species as well as their current status for the territory 
of the biosphere reserve.

Keywords: rare species of the Red Book of Ukraine, of Europe, IUCN.
DOI: 10.15407/agrisp4.03.003 

INTRODUCTION

The biosphere of the planet has been losing its 
species diversity rapidly. A considerable loss has been 
noted both in the equatorial zone and in the latitudes 
of moderate climate – the zones of intensive land use, 
which has become rather extensive in the southern 
steppe region of Ukraine as well.

The increasing human impact on natural ecosystems 
has been traced here for the last 200 years. The general 
cattle grazing pattern, notable for the XIX – early XX 

century, has been replaced with bogharic (dry-land) 
agriculture, which was considerably changed for 
cultivation of agricultural crops in irrigated conditions 
in the second half of the XX century. This was made 
possible due to the construction of one of the largest 
irrigation networks in the world, including Northern 
Crimean, Kakhovka and Inhulets irrigation systems 
with the area of over 1,200 thousand hectares. By the 
end of the XX century the ploughness level of virgin 
ecosystems in Zaporizhzhia, Mykolayiv, Kherson 
regions reached as high as 80–90 per cent. The same 
indicator for the Autonomous Republic of Crimea is 
somewhat lower – 69 % [1]. Due to this transformation 
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of the southern Ukrainian steppe, most steppe species 
of animals have become of disjunctive character, and 
their locality has been the remains of ecosystems in the 
places, inadequate for agriculture – draws, depressions, 
shore-land of the Sea of Azov and the Black Sea, 
riversides, and reserve territory. One of these – the 
biosphere reserve «Askania-Nova» – is located in the 
center of the Dnieper-Molochnianske interfl uve; this 
is the largest European steppe reserve (330.3 sq. km.) 
and the oldest steppe reserve territory of the planet. 
The current natural-territorial complex of the biosphere 
reserve has acquired the whole set of ecosystems, 
inherent to the southern steppe region of Ukraine, for 
120 years of its existence. They are situated in different 
modes of land use: from proximal to absolute reserve in 
the central zone right down to intensive use, involving 
modern agrotechnical irrigation methods in the zone 
of anthropogenic landscapes. The diversity of natural 
and artifi cial ecosystems is of scientifi c and practical 
interest in the context of determining the role of this 
territory in preserving rare fauna of both national and 
international importance.

MATERIALS AND METHODS

The material for summarization of this study was 
found in scientifi c publications about the nature of the 
territory of the reserve-to-be, starting from the fi rst 
scientifi c description, made by Franz Teetzmann in 
1842 [2], the ornithological list of birds, presented by 
Friedrich Naumann in the manuscript of 1835 [3], the 
archives of the biosphere reserve, scientifi c papers in the 
publications of the First State Steppe Reserve “Chapli” 
(Askania-Nova), the Nature records for the biosphere 
reserve «Askania-Nova» for 1981–2016, the databases 
of the authors of this article, who have been working 
at this institution for over a decade. The work also 
involved the use of collection funds of entomological 
and craniological fauna collections of the laboratory 
of biological monitoring and reserved steppe of the 
biosphere reserve as well as the scientifi c museum 
of the latter, private collections of scientists, the Red 
Book of Ukraine (2009) [4], lists of animals, protected 
according to the Bern (1979) [5] and Bonn (1979) 
[6] conventions and included into the Red Book of 
IUCN (1996) [7] and the European List of Endangered 
Species. The collection of fi eld material was conducted 
via visual observations over animals in biotopes, the 
analysis of animals remains in the rangle, sampling 
of insects using light traps and the net. In addition to 
the contact method [8], the identifi cation of species of 
chiropterans (Chiroptera) involved the distant method – 

listening to and recording of their sounds using 
ultrasound Pettersson D 240x and Pettersson D 500x 
detectors (Netherlands) with further processing in 
BatSound 414 program [9].

The names of rare species of mammals in Ukrainian, 
Latin and English are presented according to Za-
gorodniuk I. V., Emelianov I. G. [10], those of birds – 
according to Fesenko H. V., Bokotei A. A. [11]. 
The scientifi c names of amphibians and reptiles 
are presented according to “Scientifi c names of 
Amphibians and Reptiles of Ukraine” approved by 
the Commission on zoological terminology of the 
I.I. Shmalhausen Institute of Zoology of the National 
Academy of Sciences of Ukraine http://www.izan.
kiev.ua/term_com/herpet.htm] [12]. The Ukrainian and 
Latin names of insects are presented according to the 
Red Book of Ukraine [4]. The general computer-aided 
processing was conducted in Excel 2016.

RESULTS AND DISCUSSION
Since late XVIII century, the Dnieper-Molochnianske 

interfl uve (Fig. 1) witnessed centuries-long seasonal 
use of its territory, followed by permanent settlements 
of people, whose main occupation was animal 
breeding.

Sheep farming was the most common kind of 
breeding, demanding extensive virgin territories which
were present in the mentioned region at the time. 
In addition to excessive grazing, it involved the 
extermination of some species of animals. The 
literature and archive documents of the XIX century 
contain the information only about the vertebrates, 
which were fi rst and foremost of hunting interest, 
or could be of some threat for the settlements. For 
instance, the founder of the zoo, dendropark, and the 
fi rst steppe reserve, Friedrich Falz-Fein indicated that 
in 1879, near «Askania-Nova», in Ahaimany fi eld, 
the last wild horse Equus caballus Boddaert, 1785 
ferus was killed [13]. The extinction of the most 
northern saiga antelope Saiga tatarica Linnaeus, 
1766 in the southern Ukrainian Steppe occurred at 
the same time. As for birds of those times, the fi rst 
valuable information can be found in the manuscript 
of Friedrich Naumann, a German ornithologist, who 
examined the stuffed birds, sent from «Askania-
Nova» to the Duchy of Anhalt in 1835 (preserved in 
the museum of Ketten, Germany), and noted a number 
of steppe species, which became very rare since 
then, or even ceased to nest in the current territory 
of the reserve. These include: fi rst and foremost, 
the steppe eagle Aquila rapax Temminck, 1828, 
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lesser kestrel Falco naumanni Fleischer, 1818, little 
bustard Tetrax tetrax Linnaeus, 1758, great bustard 
Otis tarda Linnaeus, 1758, black-winged pratincole 
Glareola nordmanni Nordmann, 1842 [3]. The analysis 
of factors, which had their impact on the extinction 
of these species, reveals that the establishment of 
human settlements and the use of territory for grazing 
was not fatal for most steppe species. The number 
of small settlements among steppe and temporary or 
permanent sheep sheds was much higher in late XIX – 
early XX century compared to early XXI century. Here 
the impact of such negative factors as disturbance, 
physical elimination, stamping, and scything was ex-
tensive. At the same time, steppe eagles nested near 
cattle sheds and even at the outskirts of «Askania-
Nova» settlement as far as in the 1920s [14] and great 
bustard was a commonly present species [15]. The 
situation suffered critical changes with the start of 
intensive ploughing of steppe at the end of 1950s – the 
beginning of 1960, and the development of irrigation. 

The perishing of real steppe was accompanied with 
some measures in creating the reserve territories and 
even expanding their area. In particular, the reserve 
area of the biosphere reserve «Askania-Nova» was 
about 600 hectares from 1898 till 1927, 1,800 hectares 
from 1927 till 1966, and 11,054 hectares up till now 
(Fig. 2). 

However, as of the beginning of the XX century, 
the steppe occupied over 90 % of all the zones of the 
current biosphere reserve, with only 33 % as of the 

end of the same century. Since late 1970s, the whole 
reserve was surrounded by irrigation canals (Fig. 3). 

At the same time, the core of the reserve (the 
reserve area according to the categories of Ukrainian 
legislation), the area of 8,000 hectares which have 
never been ploughed, has been preserved in the mode, 
approximate to that of absolute reserve, for 25 years. 
At present, the territory, relieved from domestic cattle 
grazing, is not under any natural impact of wild hoofed 
animals. The study of species diversity of animals and 
its quantitative indices revealed that the introduction 
of absolute reserve mode at a limited territory is not 
a guarantee of species preservation, as a strong dead 
underlayer is formed in the course of two or three 
years after the grazing of hoofed animals has been 
stopped in weather conditions, favorable for grasses, 
which is not remarkable for natural dynamics of the 
steppe ecosystem. When natural destroyers of grass 
stand, which hoofed animals have always been in 
the steppe, are absent, the underlayer and high dry 
grass stand initiate the process of mesophytization, 
which pushes back the very steppe species, for whose 
sake the reserve has been created [16, 17, 18]. One 
of three reserve areas of the biosphere reserve – the 
Great Chapelsky depression – is a natural lowland, the 
bottom of which is periodically fi lled with meltwater. 
Since the time of founding the reserve and up until 
now, this is the territory where hoofed animals of the 
zoo are traditionally kept in semi-free and additionally 
created conditions. For instance, 23.4 sq.km of the 

Fig. 1. Region of the biosphere reserve «Askania Nova»
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depression territory are fenced and divided into 12 
plots of different size to keep the hoofed animals of the 
zoo both for different seasons and throughout the year. 
As the catch water basin of the depression territory 
has mostly been broken in the recent 50 years, the 
regularity and the capacity of fi lling the accumulative 
basin have decreased. In the dry season and in winter, 
the water is supplied hereto via irrigation channels 
from artesian wells for hoofed animals of the zoo. This 
ensures the preservation of a permanent water basin 
which, in its turn, creates favorable conditions for 
near-water biota. In some years there is considerable 
impact of hoofed mammals and migrating fl ocks of 
birds both on fl ora and fauna complexes [19]. The 

territory of the dendrological park – an insular source 
of woody vegetation among dry steppe – and the forest 
belt, created in the second half of the XX century are 
of great relevance as the environment of existence for 
rare species, including the ones, the habitat of which 
was of invasive character. The whole complex of 
natural biocenoses and the ones, created by humans 
in the territory of the biosphere reserve along with the 
natural fl ow of processes, ensures the conditions for 
the settlement of species, including the rare ones, not 
notable for the steppe ecosystem.

Following the strategy of preserving biodiversity, 
every human nation should take care of it in their own 

Fig. 2. The functional zoning of the territory and the years of reserving the steppe areas

Fig. 3. Askanian steppe, surrounded by canals
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area of residence, fi rst and foremost. Therefore, fi rst of 
all we shall consider the role of the reserve in preserving 
the species, introduced to the Red Book of Ukraine, 
as this document determines the degree of rarity and 
danger for species, which should be protected on legal 
grounds in the territory of the state.

The list of animals in the Red Book of Ukraine 
covers 542 species [3], including 143 hydrobionts. 
The analysis demonstrates that 130 rare species of the 
national relevance have been registered in the biosphere 
reserve in the last 100 years. When the hydrobionts are 
not taken into consideration, one may state that 32.6 % 
of rare terrestrial fauna, listed in the latest edition of the 
Red Book of Ukraine, were registered in the reserve. 
Fig. 4 demonstrates that regardless of consecutive 
reduction of steppe ecosystem biodiversity both in 
the region and in the current territory of the biosphere 
reserve, a share of rare steppe species (54) prevails 
among other ecological groups, with polyecotopic (32) 
and wetland species (29) to follow.

At the same time, the polyvariant use of the territory 
of the biosphere reserve, the presence of wetland, park 
biotopes, forest belts with woody vegetation, as well 
as the zoo with semi-free enclosure of animals, make 
the area extremely attractive for the migrating birds, 
promoting their nesting, stops and preservation. That is 
why among the other animals the class of Birds (Aves) 
is represented by the highest number of rare species 
(63) (Fig. 5).

The next position is taken by invertebrates, only one 
species among which – house centipede Scutigera 
coleoptrata Linnaeus, 1758 – does not belong to the 
class of Insects (Insecta). Among rare insects, the 
order of hymenopterans (Hymenoptera) is represented 
the most – 21 species, which are mostly steppe 
species: Criptocheilus rubellus Eversmann, 1846, 
Stizus bipunctatus F. Smith, 1856, Stizoides tridentatus 
Fabricius, 1775, Sphex fl avipennis Fabricius, 1793, 
Anthophora robusta Klug, 1845, Bombus fragrans 
Pallas, 1771 and others. 

The distribution of animals, registered in the territory 
of the reserve, according to the rarity categories of 
the Red Book of Ukraine, is as follows: rare species 
are the best represented group (RS) – 50, followed by 
vulnerable species (VS) – 40. The group of endangered 
species (ES) has 30 representatives (Fig. 6).

It should be noted that according to the materials 
of the latest edition of the Red Book of Ukraine, the 
rare fauna in the biosphere reserve «Askania-Nova» 

is represented only with 43 species of invertebrates, 
mammals, birds and amphibians. According to our 
studies, this list should be added 87 species and relevant 
corrections should be introduced into the next edition.

When the Council of Europe was adopting the 
Convention on the Conservation of European Wildlife 
and Natural Habitats – Bern Convention, 1979 and 
the Convention on the Conservation of Migratory 
Species of Wild Animals, CMS – Bonn Convention, 
1979, they were based on the situation with animal 

Fig. 4. The representation of ecological groups of animals, 
listed in the Red Book of Ukraine, in the biosphere reserve 
«Askania-Nova»

Fig. 5. The taxonomic representation of species, listed in the 
Red Book of Ukraine, in the biosphere reserve

Fig. 6. The distribution of rare fauna of the biosphere reserve 
according to the rarity categories in the Red Book of Ukraine
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species, common for Western Europe. The Western 
European scientists had scarce information about 
the preservation of species diversity in the Eastern 
Europe, thus many species, common for the latter, 
were included into the protection lists of animals. 
While analyzing the species diversity, listed in the 
addenda of the abovementioned conventions and 
the species diversity of the animals in the biosphere 
reserve, we established that currently 324 species 
of animals, protected according to Bern and Bonn 
conventions, are present in all its zones. There is an 
analogous situation with the species, listed in the 
European Red List, which is close to Addenda 2 and 
3 of Bern convention; most species, listed in them, 
belong to category LC, that is the one with the least 
risks. 

Rare fauna of the Red List of IUCN is presented 
in the biosphere reserve «Askania-Nova» with 66 
species, 34 of which belong to the category of minimal 
risks (LC), and the representative of one species, 
considered to be the subspecies of the extinct wild 
horse – Przhewalski’s horse (Equus caballus Boddaert, 
1785 – Equus ferus przewalskii Poljakov,1881) – has 
a status of extinct in the wild (EW). At the same 
time, this status may be changed in the near future, 
as in 1992–1993 Przhewalski’s horse was returned 
from «Askania-Nova» to Mongolia, Khustain Nuruu 
and Takhin Tal national parks. These were the fi rst 
projects of returning this species into Mongolian 
nature, which were carried out in cooperation with 
the Foundation for the Preservation and Protection 
of the Przhewalski’s horse, the Netherlands, and the 
Christian Oswald Foundation for Preservation of Wild 
Animals, Germany. The repatriation was found to be 
more successful in the fi rst reserve, the animals have 
already been transferred from enclosures into free 
habitat. As for «Askania-Nova», the species is still 
kept semi-free in the enclosures of the Great Chapelski 
depression. In order to ensure the preservation of 
the free population of Przhewalski’s horse in the 
Chernobyl Nuclear Power Plant Zone of obligatory 
resettlement, formed since 1999 using animals from 
the Askanian population, the species was included 
into the Red Book of Ukraine. 

CONCLUSIONS
As of the beginning of the XXI century, the biosphere 

reserve «Askania-Nova», the largest in Europe and the 
oldest on the planet steppe ecosystem, acquired the 
features of an oasis among agricultural landscape of 
southern Ukraine.

The species diversity of animals of different rarity 
categories includes aborigine species as well as 
representatives of other climatic zones, which have 
settled in new ecological niches, formed in the process 
of transforming steppe ecosystems. There is traceable 
loss of steppe diversity, which is going on in the 
complex of rare species, protected by the state and 
international conventions.

130 species of animals, listed in the Red Book of 
Ukraine, are present in all the zones of the biosphere 
reserve, which is 32.6 % from the number of rare 
terrestrial fauna of national relevance. 

The territory is important in terms of being the 
collection place for migrating, volitant and nesting 
species of birds, 63 of which are listed in the Red Book 
of Ukraine.

The study proves the need of correcting the areas 
of 87 species of animals, listed in the Red Book of 
Ukraine, with the indication of their status in the 
biosphere reserve «Askania-Nova».

There are 324 species, protected according to 
Bern (1979) and Bonn (1979) conventions as well 
as 66 species of different rarity degree, listed in the 
International List of IUCN.

The experiment of returning Przhewalski horse from 
«Askania-Nova» into the wild areas of Mongolia was 
successfully conducted twenty-fi ve years ago with 
subsequent renaturalization.

Роль біосферного заповідника «Асканія-Нова» у 
збереженні рідкісної фауни національного

і міжнародного значення 

В. С. Гавриленко, В. П. Думенко, І. К. Поліщук

e-mail: askania.zap@gmail.com

Біосферний заповідник «Асканія-Нова» 
імені Ф.Е. Фальц-Фейна НААН 

Вул. Паркова 15, смт Асканія-Нова, Чаплинський р-н, 
Херсонська обл., Україна, 75230

Екосистеми сучасного Біосферного заповідника «Аска-
нія-Нова» за майже 120 років його існування зазнали 
суттєвої трансформації і мають у своєму природно-
антропогенному ряді всі варіанти природокористування, 
притаманні межиріччю Дніпро-Молочна. Найбільша 
заповідна степова екосистема Європи і найдавніша на 
планеті стала степовою оазою серед агроландшафту. 
Мета. Метою дослідження було виявлення видового 
різноманіття рідкісної фауни на території біосферного 
заповідника, що охороняється за Червоною книгою 
України, Червоною книгою міжнародного союзу охо-
рони природи та згідно міжнародних конвенції зі збе-
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реження біорізноманіття. Методи. Дослідження прове-
дені в межах біосферного заповідника шляхом аналі-
зу літературних та архівних даних, електронних баз
даних авторів, візуальних спостережень тварин у при-
роді, привабленням комах на світло, застосуванням 
ультразвукових детекторів “Pettersson D 240x” і “Pet-
tersson D 500x” з подальшою обробкою у комп’ютерній 
програмі BatSound та Excel 2016. Результати. Вста-
новлено, що в біосферному заповіднику зустрічається 
130 видів тварин, занесених до Червоної книги Ук-
раїни, 324 охоронюваних за Боннською (1979 р.) та 
Бернською (1979 р.) конвенціями та 66 видів, віднесе-
них до Червоного списку Міжнародного союзу охорони 
природи. Простежується поступове скорочення суто 
степової рідкісної фауни з одночасним збільшенням 
екологічних ніш для рідкісних тварин інших природних 
зон. Змінюється характер перебування охоронюваних 
видів, а також зменшуються кількісні показники сте-
пових таксонів, при збільшенні водно-болотяних та 
поліекотопних. Висновки. Результатом дослідження є 
висновок щодо актуальності коригування існуючого 
видання Червоної книги України в частині внесення змін 
до ареалів 87 видів тварин з визначенням їх статусу для 
території біосферного заповідника.

Ключові слова: рідкісні тварини Червоної книги Ук-
раїни, Європи, Міжнародний союз охорони природи.
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Ул. Парковая 15, пгт Аскания-Нова, Чаплинский р-н, 
Херсонская обл., Украина, 75230

Экосистемы современного Биосферного заповедника 
«Аскания-Нова» за почти 120 лет его существования 
существенно трансформировались и имеют в своем
природно-антропогенном ряду все варианты природо-
пользования, присущие междуречью Днепр – Молочная. 
Самая большая заповедная степная экосистема Европы 
и старейшая на планете стала степным оазисом среди 
агроландшафта. Цель. Целью исследования было вы-
явление видового состава разнообразия редкостной фау-
ны на территории биосферного заповедника, которая 
охраняется Красной книгой Украина, Красной книгой 
международного союза охраны природы, а также в 
соответствии с международными конвенциями по со-
хранению биоразнообразия. Методы. Исследования 
проведены в пределах биосферного заповедника путем 
анализа литературных и архивных данных, электронных 
баз данных авторов, визуальными наблюдениями за жи-

вотными в природе, привлечением насекомых на свет, 
применением ультразвуковых детекторов “Pettersson D 
240x” і “Pettersson D 500x” с дальнейшей обработкой 
в компьютерной программе BatSound и Excel 2016. 
Результаты. Установлено, что здесь встречается 130
видов животных, занесенных в Красную книгу Укра-
ины, 324 охраняемых по Бернской (1979 г.) и Боннской 
(1979 г.) конвенциям, а также 66 видов, включенных 
в список Международного союза охраны природы. 
Прослеживается постепенное сокращение сугубо степ-
ной редкостной фауны с одновременным увеличением 
экологических ниш для редких животных других 
климатических зон. Изменяется характер пребывания 
охраняемых видов, а также уменшаются количествен-
ные показатели степных таксонов при увеличении 
водно-болотных и полиэкотопных. Выводы. Результа-
том исследования является вывод об актуальности 
корректировки существующего издания Красной книги 
Украины в части внесения изменений к ареалам 87 ви-
дов животных с определением их статуса для территории 
биосферного заповедника.

Ключевые слова: редкие животные Красной книги Ук-
раины, Европы, Международный союз охраны природы.
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GLOSSARY

English    Interpretation of notions 

Taxon    A group of organisms, united on the bases of common classifi cation methods
Polyecotopic   An organism, capable of existing in different conditions
Disjunctive area   A space of existence, divided into several separate territories
Volitant species   A species, existing but not nesting in the territory in summer
Locality    Location 
Rangle    The mass of undigested bird’s food
Entomology   The science of insects
Herpetology   The science of amphibians and reptiles
Ornithology   The science of birds
Theriology   The science of mammals
Chiropterans   A group of fl ying mammals
Depression   Lowland
Mesophytization   The replacement of rooted fi rm-bunch plant formations for rhizome plans
Wild horse   Wild horse
Saiga antelope   Saiga antelope
Steppe Eagle   Steppe Eagle
Lesser Kestrel   Lesser Kestrel
Little Bustard   Little Bustard
Great Bustard   Great Bustard
Black-winged Pratincole  Black-winged Pratincole
Hydrobionts   Organisms, existing in water environment
House Centipede   A rare centipede species
Hymenopterans   A line of insects
Endangered species  A species in danger of extinction
Vulnerable species  A vulnerable species
Rare species   A rare species
Data defi cient   The data about the species is defi cient (the current information is insuffi cient to   
    evaluate the risk of its extinction based on the data about its spreading and/or number)
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INTRODUCTION

The matter of obtaining the robust embryos from 
oocytes via ripening and further in vitro insemination 
is still an urgent issue for the researchers of reproduc-
tive technologies in animal breeding [1, 2]. There has 
been considerable progress, in particular, in the appli-
cation of sow oocytes when blastocysts and progeny 
were obtained from them [3, 4]. However, no accept-
able technology for this complicated process has been 
suggested yet, and the effi ciency of obtaining embryos 
is still low [5]. Its every stage requires improvement 
and corresponding actual data about the processes, tak-
ing place in situ. In particular, one of the distinguishing 
factors of successful maturation of oocytes in vitro is 
the selection of promising oocyte-cumulus complexes 
(OCC) from the ovaries. There are several known sug-

gestions regarding the morphological and cytological 
indices for the selection of robust OCC for cultivation 
[6, 7]. Their distinguishing characteristic is the condi-
tion of the cumulus mass of the oocyte. At the same 
time, the cytological status of the oocyte has not been 
studied suffi ciently yet. On the one hand, this is con-
ditioned by the fact that the cumulus mass masks the 
oocyte during the microscopic study, and on the oth-
er – the ooplasma of porcine oocyte has the structure, 
which does not allow observing the status of its GV. 
Therefore, the data regarding the cytological structure 
of porcine oocytes were obtained mostly due to the in-
vestigation of isolated mounts. In particular, these are 
electronic microscopic studies [8, 9], the study of his-
tological sections [10], dry air mounts for the study of 
chromatin status [11, 12] as well as whole mounts of 
oocytes [13] which are the most informative and acces-
sible for application. The use of improved methods of 
investigation allowed determining the chromatin status 
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in porcine oocytes during the spontaneous (natural) and 
artifi cial (in conditions beyond the organism) matura-
tion of a follicle, where two main types regarding its 
condensation around the nucleolus were determined. 
These are non-surrounded nucleolus (NSN) when there 
is no condensed chromatin and surrounded nucleolus 
(SN) with a formed ring or “horse shoe” around it [14]. 
Our aim was to study the cytological changes, related 
to GV of a porcine oocyte during its spontaneous fol-
licular maturation using the original method of isolat-
ing whole mounts.

MATERIALS AND METHODS

The ovaries were selected at a local meat processing 
factory and transported in the isotonic solution to the 
laboratory. The status of ovaries was estimated by the 
development of yellow bodies and follicles, referring 
them to a specifi c phase of estrous cycle [15]. For in-
stance, the ovaries in the diestrus phase were character-
ized by yellow bodies in the hiatus of their functional 
development and had the diameter of 8–10 mm, while 
the follicles did not exceed 5.5 mm. The sow ovaries in 
the proestrus phase were determined when they had the 
features of the beginning of regression of yellow bod-
ies (weakening of color intensity), the reduction in their 
size down to 5–8 mm with follicles reaching up to 6–8 
mm. The oocyte-cumulus complexes (OCC), isolated 
from follicles, did not have any mucinization. The es-
trus was assumed when the ovaries had well-expressed 
regressive changes in yellow bodies which decreased 
in their size down to 4–7 mm and changed their color 
to whitish-yellow. The follicles grew to maximal size 
of 7–10 mm. The cumulus cells were mucinized and 
formed a mucous mass with intercellular matrix.

The oocytes in OCC form were isolated separately 
from each pair of ovaries by dissecting the follicles 
with a razor blade in two stages. At fi rst OCC were 
isolated from the pool of 12–15 largest dominating 
follicles, then the ones from the rest. OCC of the fi rst 
selection were characterized by the largest cumulus 
mass. Depending on the phase of estrous cycle, they 
had from 3 to 8 layers of cumulus cells. Immediately 
after isolation from each group, whole mounts were 
prepared from each group of the estimated OCC. This 
involved a specially designed express method which 
envisaged the thermal fi xation (about 95 °С), removal 
of cells of the cumulus mass and further transfer of the 
oocyte into the clarifi cation environment. The whole 
procedure of preparing the mount from one oocyte 
or their group lasted for about 10 min. The prepared 
mount ensured the investigation of ooplasma structure, 

the status of the nucleus, nucleolus, and chromatin of 
the oocyte. The microscopic studies were conducted 
using the phase contrast. The status of ooplasma and 
nucleoplasma, the presence, location and form of GV, 
the status of oolemma, the structure of nucleolus and 
perinucleolar formations (nucleolus complex) were es-
timated in the preparations. A total of 831 oocytes were 
studied.

RESULTS AND DISCUSSION
The prevailing majority of oocytes from all the in-

vestigated morpho-functional groups are characterized 
with the presence of GV with the nucleolus. Here the 
nucleoplasma has a fi ner grained structure than oo-
plasma. The absence of GV was noted in oocytes with 
highly mucinized cumulus, which is considered to be 
the consequence of meiosis restoration. Sometimes a 
polar body could be found in such oocytes (Fig. 1). In 
some cases, the presence of GV was not found in de-
generating oocytes. However, this should not be related 
to meiosis restoration. This was the place for deep de-
structive changes, confi rmed by the corresponding sta-
tus of ooplasma.

It was determined that GV was located eccentrically 
in all the investigated oocytes. This was true for oocytes 
from both healthy and atresiated follicles as well as the 
ones, which belong both to the category of NSN and 
SN by the degree of chromatin condensation (Fig. 2, 3). 
This fact proves that the eccentric localization of GV 
is determined in oocytes even in early antral follicles 
and stays stable further on. The localization of GV in 
porcine oocytes was practically not studied yet, which 
is largely conditioned by the non-transparency of their 
ooplasma, due to which it is impossible to determine 
the location of the nucleus without special preparation 
of the cytological mount. However, the results of previ-
ous studies, aimed at investigating the transformation 
of chromatin in GV during folliculogenesis, confi rm its 
eccentric localization [16, 17]. Such localization of GV 
is also inherent for other mammals, which were under 
study, except for rats and mice [18]. 

Similar to porcine oocytes, where GV is eccentrically 
located, according to these studies, the nucleolus also 
takes an exclusively eccentric location in GV (Fig. 2, 
3). It was determined in human oocytes that the loca-
tion of GV is related to the location of nucleolus and 
the capability of oocytes to complete their maturation. 
Thus, the central location of GV correlates with the 
central location of the nucleolus, and the peripheral lo-
cation of GV – with the peripheral nucleolus. Prior to 
the formation of the fi rst polar body, human oocytes 
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with the central location of GV matured better than the 
ones with peripheral location [19].

The location of GV in mouse oocytes has been stud-
ied in the fi nest detail. Thus, the location of GV is re-
lated to their capability of completing meiotic matura-
tion: the closer GV is to the center of oocyte, the higher 
is its capability of restoring meiosis [20]. The authors 
assumed that the central location of GV may be a mor-
phological marker to forecast their capability of matur-
ing. A similar conclusion was made by another group 
of researchers [21], however, to foresee the success of 
further maturation it is suggested to combine the esti-
mates by GV localization and the status of chromatin 
organization. Another study [22] established that the 
central location of GV is the most frequent in mouse 
oocytes. However, in addition to the central location, 
the peripheral and interim ones are suggested for con-
sideration as well, assuming this variant to be more in-
formative. Besides, the authors relate the location of 
GV to the degree of condensation of chromatin and its 
capability of migrating.

It is assumed that the location of GV is a key factor for 
asymmetric division of the oocyte. It is especially rel-
evant in the meiotic process, where a small polar body 
is formed along with a much larger egg. However, the 
information about this process in mammalian oocytes 
is still scarce [23]. It should be noted that the division 
of oocyte should take place in the cortical zone, due 
to which the central location of GV in mouse oocytes 
results in the migration of the spindle of the division 
further into the closest cortical zone of the oocyte [24].

Taking the known results into consideration, one may 
assume that the eccentric location of GV in the sow is 
achieved the soonest compared to all the investigated 
mammals and can already been confi rmed in oocytes 
from early antral follicles. This is a considerable differ-
ence of a sow from all the other investigated mammals. 

Another relevant specifi city of porcine oocytes is the 
status of chromatin condensation in GV during the fol-
licle maturation. This study revealed that condensed 
chromatin is absent around the nucleolus of oocytes in 
early antral follicles (smaller than 2 mm), it appears 
in nuclei from larger follicles in the form of a ring, 
also known as karyosphere. This formation is viewed 
as a complex nuclear structure, composed of chromo-
somes, united into a knot or a general chromatin mass, 
located around the nucleolus [25]. In porcine oocytes, 
this structure is described in the shape of a crown or a 
horse-shoe around the nucleolus, which is kept until the 
restoration of meiosis [26]. The study of pre-antral fol-

Fig. 1. The general overview of a fi xed oocyte with the fi rst 
polar body

Fig. 2. The general overview of the fi xed oocyte with the 
nucleus and nucleolus, surrounded by condensed chromatin 
(SN)

Fig. 3. The general overview of the fi xed oocyte with the 
nucleus and nucleolus, not surrounded by condensed chro-
matin (NSN)
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licles [27] did not reveal condensed chromatin around 
the nucleolus in their oocytes, while oocytes from 
medium and large antral follicles had such condensed 
chromatin. 

In recent years there has been a notion formed about 
two types of nucleoli, including the porcine ones, which 
were related to chromatin condensation. At the initial 
stages of folliculogenesis in GV the diffuse status of 
chromatin prevails and the nucleolus does not have its 
condensed forms (NSN). While the follicle is develop-
ing, this chromatin appears around the nucleolus (SN) 
[14, 28]. These authors established that the diffuse state 
of chromatin in oocytes from follicles < 1.9 mm cor-
responds to NSN of the state of the nucleolus, known 
for mouse and many other mammals. In its turn, SN is 
remarkable for all the developing oocytes and precedes 
the restoration of meiosis.

The method of preparing mounts, employed in this 
study, allows visualizing both NSN and SN in the oo-
cytes without using any special dyes. As it is believed 
that chromatin is condensed in other zones of the nucle-
us as well, the part, connected to the nucleolus, should 
be regarded as a nucleolus complex. The shape of this 
formation demonstrates some diversity in its depen-
dence on the physiological state of the follicle, from 
which the oocyte originates. The conclusion lies in the 
possibility of estimating the state of the development 
for the process of forming condensed chromatin by the 
part, forming a structure, shared with the nucleolus. It 
is suggested to isolate a separate cytological structure – 
a nucleolus complex, which consists of a nucleolus and 
the associated condensed chromatin mass, which may 
be useful from the standpoint of estimating the status of 
oocyte maturation.

CONCLUSIONS

Contrary to laboratory rodents, GV in porcine oo-
cytes has eccentric localization, which is set in oocytes 
even in the early antral follicles. This condition is kept 
until the beginning of meiosis restoration and GV de-
struction. The cortical location is noted both in NSN 
and SN oocytes as well as in the ones, originating from 
atresiated follicles. Among the investigated species of 
mammals, the sow has the earliest formation of the re-
quired location of the nucleus which is a key factor for 
asymmetric division of the oocytes. 

The process of chromatin transformation was found 
to be its gradual condensation around the nucleolus 
and it may be defi ned as a nucleolus complex. As for 

the oocytes, originating from early antral follicles, the 
nucleolus is in NSN state. The increase in the follicle 
size occurs with simultaneous gradual condensation of 
chromatin on the surface of the nucleolus, which re-
sults in the formation of karyosphere or SN. The meth-
od of preparing whole mounts, used in these studies, 
ensures the possibility of investigating the status of the 
nucleolus and the associated chromatin without using 
any special dyes. The degree of chromatin condensa-
tion may be determined by the status of the nucleolus 
complex, which is a dynamic cytological structure, 
composed of the nucleolus and the surrounding con-
densed chromatin.

Цитологічні особливості ооцитів свині 
в процесі спонтанного дозрівання

В. О. Лобченко
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Інститут свинарства 
і агропромислового виробництва НААН
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Мета. Завданням дослідження було виявлення цито-
логічних змін, пов’язаних із зародковим пухирцем (GV) 
ооцита свині, впродовж фолікулярного дозрівання. 
Методи. Яєчники класифікували відповідно до фази 
естрального циклу за станом жовтих тіл та фолікулів. 
Ооцити виділяли від кожної тварини окремо з домі-
нуючих та атрезуючих фолікулів. З ооцитів готували 
тотальні препарати спеціально розробленим експрес-
методом, що полягає у термічній фіксації (близько 
95 °С) та наступному перенесенні їх у просвітлююче 
середовище. Вся процедура підготовки препарату з
одного або групи ооцитів тривала близько 10 хв. Мі-
кроскопічні дослідження виконували з використанням 
фазового контрасту. Всього було досліджено 831 
ооцит. Результати. Встановлено, що у свині має місце 
ексцентричне розташування GV, яке може бути виявлене 
вже в ооцитах із ранніх антральних фолікулів. Такий 
стан зберігається аж до початку відновлення мейозу 
та руйнування GV. Ядерце так само розміщується 
ексцентрично. Іншою важливою цитологічною зміною 
була поступова конденсація хроматину навколо ядерця, 
починаючи від окремих згустків на його поверхні та 
наступного утворення кільцевих структур. Висновки. 
В ооцитах свині, на відміну від лабораторних гризунів, 
GV має ексцентричну локалізацію, яка встановлюється 
вже у ранніх антральних фолікулах і зберігається аж 
до початку відновлення мейозу. Виявлено існування 
процесу трансформації хроматину, що полягає у його 
поступовій конденсації навколо ядерця та може бути 
визначений як ядерцевий комплекс.
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Цитологические особенности ооцитов свиньи 
в процессе спонтанного созревания
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и агропромышленного производства НААН
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Цель. Заданием исследования было выявление цито-
логических изменений, связанных с зародышевым пу-
зырьком (GV) ооцита свиньи, в течение фоликулярного 
созревания. Методы. Яичники классифицировали в 
соответствии с фазой эстрального цикла по состоянию 
желтых тел и фолликулов. Ооциты выделяли от 
каждого животного отдельно из доминирующих и ат-
резирующих фолликулов. Из ооцитов готовили тоталь-
ные препараты специально разработанным экспресс-
методом, который заключается в термической фиксации 
(около 95 °С) и последующем их перенесении в 
просветляющую среду. Вся процедура подготовки пре-
парата из одного или группы ооцитов длилась около 
10 мин. Микроскопические исследования проводили 
с использованием фазового контраста. Всего было 
исследовано 831 ооцит. Результаты. Установлено, что 
у свиньи имеет место эксцентрическое размещение GV, 
которое может быть выявлено уже в ооцитах из ранних 
антральних фолликулов. Такое состояние сохраняется 
вплоть до начала возобновления мейоза и разрушения 
GV. Ядрышко также размещается эксцентрично. Другим 
важним цитологическим изменением была постепенная 
конденсация хроматина вокруг ядрышка, начиная от 
отдельных сгустков на его поверхности до последующего 
образования кольцевых структур. Выводы. В ооцитах 
свиньи, в отличие от лабораторных грызунов, GV имеет 
эксцентричную локализацию, которая устанавливается 
уже в ранних антральных фолликулах и сохраняется 
до начала возобновления мейоза. Установлен процесс 
трансформации хроматина, заключающийся в его по-
степенной конденсации вокруг ядрышка и может быть 
определен как ядрышковый комплекс.

Ключевые слова: зародышевый пузырек, эстральний 
цикл, ооцит, свинья, хроматин, ядрышко
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INTRODUCTION 

A distinguished feature of potential varieties of bio-
energetic crops is effi cient transformation of free solar 
energy into the industrial biomass with minimal nega-
tive impact on environment [1]. It is due to high yield 
and absence of unfavorable factors for ecology, that 
such energy cereal grasses as Miscanthus genus rep-
resentatives are a relevant energy crop for production 
[2]. Due to C4 type photosynthesis, carbon fi xation oc-
curs much faster in these plants. The use of nutrients, 
water, solar radiation is more effi cient in these plants, 
compared to others [3]. According to the researchers of 
bioenergy crops, all these physiological features affect 

the adaptation to different soil and climatic conditions 
of Ukraine [4].

Until recently, the main criteria of taxonomy for Mis-
canthus Anderss. genus have changed a lot. Most sci-
entists refer it to Poaceae genus [5], including about 
12 varieties, the most valuable ones for biomass pro-
duction being Мiscanthus saccharifl orus, Miscanthus 
sinensis, Miscanthus × giganteus and Мiscanthus 
fl oridulus [6]. In Europe, the cultivation of the varieties 
of Miscanthus genus is mainly concentrated on grow-
ing M. × giganteus of tropic and subtropic origin [6, 
7]. Miscanthus × giganteus (2n = 3х = 57) is an inter-
species hybrid, obtained from natural hybridization of 
the diploid species Miscanthus sinensis (2n = 2х = 38) 
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and tetraploid Мiscanthus saccharifl orus (2n = 4х =
= 76) [8]. High biomass performance of the obtained 
allotriploid is determined by heterosis effect and the 
combination of three genomes, which occurs in hy-
brid combinations. As a result, the sterile Miscanthus 
× giganteus (3х = 57) is reproduced only in the veg-
etative way – via rhizomes, rootlets or in vitro culture 
[9, 10]. The specifi city of its reproduction affects the 
risk of its leaving the ecosystem and leads to extremely 
limited genetic diversity and the need for breeding of 
clones, adapted to new natural and climatic conditions 
[11]. It should be noted that Miscanthus × giganteus 
(3x) was isolated from natural populations of Japan; it 
has a considerable potential as an alternative source of 
energy. The fi rst clone of Miscanthus × giganteus was 
imported from Japan to Denmark in 1935 as a decora-
tive plant, and later – to North America for clonal repro-
duction and use for commercial purposes [6]. The natu-
ral populations of tetraploid Miscanthus saccharifl orus 
(4х) and diploid Miscanthus sinensis (2х) were studied 
in southern Japan and the ploidy of the obtained sam-
ples of seeds was identifi ed [12]. The triploid shoots, 
collected on the plants of Miscanthus saccharifl orus 
(4х), were isolated by the method of fl ow fl uorescence 
cytophotometry. In the opinion of scientists, studying 
wild species of Miscanthus genus, it is quite possible 
that triploid plants, collected in Kushima, may have 
resulted from the hybridization between (4х) Miscan-
thus saccharifl orus and (2х) Miscanthus sinensis, or 
due to the self-compatibility of (4х) Miscanthus sac-
charifl orus, via the fertilization of a 2х egg with 1х pol-
len [12]. The cultivation of genetically homogeneous 
clones requires the study on the risk of resistance to 
diseases and to cold [7, 13]. A current task is to expand 
the genetic database of Miscanthus × giganteus (3х) 
via the development of hybrids of wild paternal forms 
of Miscanthus saccharifl orus and Miscanthus sinensis. 
New clones may serve as a source of genetic variabil-
ity, resistance to new diseases, identifi ed for clone Mis-
canthus × giganteus [14].

According to the scientifi c literature, two or three 
identical clones are grown in the global bioenergy in-
dustry, but the researchers believe that there is an enor-
mous probability of the fact that wide-scale production 
of miscanthus for biomass in Europe is based on the use 
of one clone only [6]. A similar situation is observed in 
North America, where the cultivated genotypes of Mis-
canthus × giganteus were obtained using vegetative re-
production from one clone of European origin [14]. Us-
ing DNA technologies, Greef et al. applied the AFLP 
method to select 31 sample of Miscanthus × gigan-

teus, 11 clones of Miscanthus sinensis and 2 clones 
of Мiscanthus saccharifl orus, suitable for cultivation 
in botanic gardens and plant beds of Central Europe 
[15]. The researchers in the fi elds of botany and taxo-
nomy believe that the genotype pool of Miscanthus × 
giganteus is remarkable for low diversity, they man-
aged to identify only three samples using molecular 
and genetic markers [6]. At the same time, the geno-
type pool of M. sinensis is noted for rather a wide 
diversity. Genetic diversity of a species may be used 
to create new polyploid lines and highly productive 
clones.

Hodkinson T. R., Chase M. W. established using ISSR 
molecular markers that the population of M. × gigan-
teus (11 taxons) did not have any variations, and insig-
nifi cant variations, found using AFLP markers, could 
have been an error (Great Britain) [5]. On the contrary, 
diploid samples of M. sinensis (50 taxons) have a high 
level of deviations both by molecular-genetic markers 
and by their ploidy. In another study, De Cesare et al. 
(2010) confi rmed that 14 out of 15 samples of M. × gi-
ganteus, collected in the botanic gardens of the Trinity 
College (Dublin, Ireland) and Hohenheim University 
(Germany), which were analyzed by six cpSSR marker 
loci, belonged to one haplotype, whereas M. sinensis 
and М. saccharifl orus demonstrated a high level of 
polymorphism for some alleles [16]. As stated by Ма et 
al., M. sinensis is a highly heterozygous species due to 
its hybridization, and the capability of forming viable 
seeds ensures the blossoming of components and com-
patibility by the homology of chromosomes in natural 
populations [17].

In the 1970s, the variability of miscanthus by the ploi-
dy was observed by foreign researchers using the cyto-
logical analysis of metaphase chromosomes in natural 
populations: from diploids – 38 chromosomes to hexa-
ploids – 114 chromosomes [18]. The level of ploidy for 
the species of Miscanthus genus also changed from 2 to 
6 according to Polish researchers [6]. As per the data of 
Clifton-Brown, J., the basic ploidy of M. sinensis is 2х, 
but there are common natural and artifi cial polyploids 
(for instance, triploid M. sinensis Goliath) [19]. It was 
established that in natural populations of China, Mis-
canthus saccharifl orus usually has a diploid form, con-
trary to Japan, but this variety has a whole number of 
ploidy variants, including the hexaploid one. Tetra- and 
pentaploids have already been obtained based on the 
components of crossing M. × giganteus [19]. They are 
the source of improving the variety of M. × giganteus 
for biomass in new natural and climatic conditions.
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Due to unavailability of information about the origin 
and ways of differentiating the representatives of Mis-
canthus genus of the European genepool in Ukraine, 
except that by morphological features, and due to the 
use of allotriploid M. × giganteus (3х) in bioenergy in-
dustry, the aim of scientifi c studies is to investigate ge-
netic diversity of varieties and their origin, to optimize 
the method of differentiating the genome ploidy level, 
and to harmonize it with the European ones to ensure 
the purity of the planting material. The species of Mis-
canthus genus, identifi ed by the ploidy level, will be 
used to create polyploids and select new clones, alter-
native to M. × giganteus (3х). This work is generally 
concentrated on three species of Miscanthus, used in 
Europe for biomass production, namely M. × gigan-
teus, Miscanthus saccharifl orus and Miscanthus sinen-
sis. The following tasks arise from this aim: 

• to optimize and introduce the method of fl uorescent 
cytophotometry and to adjust it to the European meth-
ods to identify the ploidy level for the genome of initial 
materials;

• to identify in terms of ploidy and to reproduce in 
in vitro conditions Miscanthus giganteus, Miscanthus 
saccharifl orus and Miscanthus sinensis for the selec-
tion of new polyploid lines and development of mis-
canthus selection in Ukraine;

• to investigate the heterogeneity by the genome 
ploidy level for the populations of M. × giganteus (3х), 
which originated from Poland and Austria.

MATERIALS AND METHODS

Miscanthus × giganteus (3x), Miscanthus sinensis 
(2x), Miscanthus saccharifl orus (4х), reproduced at 
Yaltushkivska Research Breeding Station of the Insti-
tute of Bioenergy Crops and Sugar Beets (RSS IBC-
SB), were used as initial materials to master the method 
of identifying the ploidy level of the genome as the 
main taxonomic index of Miscanthus genus. The selec-
tion station was used to investigate their morphological 
features, to determine the terms of blossoming, prob-
abilities of seed formation, specifi cities of growth and 
development, and the formation of rhizomes in Ukrai-
nian conditions. The descriptions of different species 
of Miscanthus, introduced at the Yaltushkivska RBS 
IBCSB are as follows:

Miscanthus saccharifl orus ecotype I “Рoland” – is a 
tetraploid species and a component of crossing for the 
triploid clone Miscanthus × giganteus (3х). This is a 
species with a stem of 2.5 m which colonizes the soil 
space quickly, forming solid plantations. The tetraploid 

level of the genome in the material was not confi rmed 
by the results of ploidy analysis, conducted using PA 
Partec.

Miscanthus sinensis (2х = 38) – in 2016, during 
the fi rst vegetation years at the experimental fi eld of 
IBCSB, Chinese miscanthus formed the stems of 1.5 m 
based on underground roots, obtained at Yaltushkivska 
RBS.

Miscanthus х giganteus ecotype 2 “Austria” – gigan-
tic miscanthus; the plants of this species reach as high 
as 3 m on the second year of vegetation in Ukrainian 
conditions. This is natural allotriploid with 57 chromo-
somes.

First in Ukraine, Miscanthus giganteus as a new en-
ergy crop was obtained by the specialists of the labora-
tory of cultivation of bioenergy crops and sugar beet of 
IBCSB at the beginning of the XXI century using the 
collection samples of Poland. New initial material was 
reproduced using rhizomes and underground roots by 
the selection number of Miscanthus × giganteus (3х) 
ecotype “Рoland” with the components of Miscanthus 
saccharifl orus ecotype I “Рoland” and Miscanthus si-
nensis ecotype I “Рoland”. A new ecotype of gigantic 
miscanthus Miscanthus × giganteus ecotype 2 “Aus-
tria” was obtained in 2012. Two different ecotypes of 
European origin were studied by us by the heteroge-
neity of populations of variability of planting mate-
rial (rhizomes) on the experimental fi elds of IBCSB 
“Baranivka” and “Hradiv”. In 2015, the specialists of 
Yaltushkivska RBS reproduced a new European clo-
ne – ecotype 3 Miscanthus giganteus “Great Britain”, 
which was characterized by cold resistance.

The following collection samples of Yaltushkivska 
RBS were used to master and introduce the method of 
fl uorescent cytophotometry and to identify the ploidy:

• Miscanthus х giganteus (ecotype 1 “Poland”, eco-
type 2 “Austria”, ecotype 3 “Great Britain”);

• Miscanthus sinensis ecotype 1 “Poland”;
• Miscanthus saccharifl orus ecotype 1 “Poland”;
• Miscanthus mearly “Germany”, Jelitto Company;
• Miscanthus latte “Germany”, Jelitto Company;
• Miscanthus sinensis new “Germany” ecotype 2, 

Jelitto Company.

The selection of external standards and references by 
nuclear DNA histograms involved the study of the fol-
lowing species by the number of chromosomes:

• a domestic diploid millet variety “Poliano” (2х = 18);
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• grain sorghum (2х = 20), Dniprovsky variety;
• Miscanthus sinensis (2х = 38).

The cytological analysis was conducted using the 
method, modifi ed by us (Pausheva Z.P., 1980) involv-
ing the staining of meristem cells and shoots with ace-
toorsein [20]. The number of chromosomes was defi ned 
at the stage of mitosis metaphase. The apical meristems 
of newly formed side roots and shoots of underground 
branches (rhizomes) were analyzed with the chromo-
some decrease of 0.03 % using 8-orthooxyquinoline 
and cold pre-treatment for 6–12 hours at 4 ºС.

The selected samples of diploid sorghum (2х = 20), 
Dniprovsky variety, were let sprout till the formation 
of the fi rst couple of actual leaves (Fig. 1, a, b, c). The 

isolation of the standard genotype for the optimization 
of the method and determination of the genome ploidy 
level using the Partec ploidy analyzer was coordinated 
and adjusted to previously published main indices of 
polyploid species of miscanthus, obtained by Japanese 
researchers Aya Nishiwaki, Aki Mizuguti et al. [12].

RESULTS AND DISCUSSION

The level of genome ploidy is one of the main taxo-
nomic indices of miscanthus. The cytological meth-
ods for diploid species of miscanthus of 2n = 2x = 38 
chromosomes, triploid species of 2n = 3x = 57 chro-
mosomes and tetraploid forms of 2n = 4x = 76 chro-
mosomes are rather cost- and labor-consuming. New 
methods of identifying the genome status of Miscan-

Table 1. The determination of optimal objects for miscanthus ploidy analysis using PA Partec by the variability coeffi cient

No Kinds 
of miscanthus Ploidy Objects 

for analysis
Coeffi cient 

of variability, % (CV*)

1

2

3

Miscanthus species

Miscanthus saccharifl orus

Miscanthus × giganteus

2x

4x

3x

vegetative shoots
leaves

generative shoots
in vitro

vegetative shoots
leaves

generative shoots
in vitro

rhizomes
leaves

generative shoots
in vitro

5.06–6.00
8.08–16.33
2.55–3.07
5.02–9.05
6.01–9.00
9.10–14.58
4.08–7.09
1.1–6.88

8.60–13.73
9.00–12.48
5.99–7.08
4.98–7.09

Note: CV* – coeffi cient of variability within the cells of the main DNA fraction in the histograms of PA Partec

Fig. 1. The selection of the control genotype by the quantitative content of nuclear DNA at Partec PA: a – sorghum shoots as 
an object for ploidy determination; b – metaphase chromosomes of grain sorghum (2х = 20); c – nuclear DNA histograms 
of grain sorghum, Dniprovsky variety
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thus genus species using the fl ow fl uorescent cytopho-
tometry and computer programs of PA Partec are intro-
duced in different countries of the world and considered 
to be rather promising. To have a reference in terms of 
quantitative content of nuclear DNA for ploidy analy-
sis on PA Partec, the researchers of Miscanthus genus 
use diploid plants of grain sorghum (Sorghum bicolor), 
green pea (Pizum sativum) and Miscanthus sinensis, 
previously defi ned by the number of chromosomes [7, 
12, 13]. It was previously demonstrated using DNA-
technologies that the genome of sorghum is closer to 
Miscanthus than to corn, rice and Brachypodium dis-
tachyon [6]. The species of Sorghum bicolor was fi rst 
successfully used as a reference for the mass of nuclear 
DNA to study miscanthus in Japan [12]. The analysis 
of genome ploidy level is crucial for the classifi cation 
of three main species of Miscanthus genus as well as 
the development of selection of new highly productive 
clones and purity of planting material.

Ploidy analyzer (PA) of Partec Company (Germany) 
is a cytometer, improved by computer programs which 
controls the analysis of nuclear DNA content in plant 
cells. In addition to the diploid sorghum, identifi ed by 
the number of chromosomes and standard genotype, 
Polish researchers also use diploid forms of (Miscan-
thus sinensis 2x = 38), preserved and deposited in in 
vitro conditions [6].

The isolation of optimal objects and obtaining qualita-
tive nuclear DNA histograms involved the studies of the 
following objects: the leaves of vegetative plants of dif-
ferent species of miscanthus; generative shoots; rhizomes 

of different species of miscanthus; leaves of miscanthus 
clones, reproduced in in vitro conditions (Table 1).

The experimental data in Table 1 include the infor-
mation about the variability coeffi cient depending on 
the reproduction method in vivo, in vitro and the ge-
nome ploidy level. It was determined that a suitable ob-
ject with a low coeffi cient of variability may be found 
in generative shoots and leaves of Miscanthus clones, 
reproduced in vitro. To prepare the control sample from 
the suspension of cells:

• the object to be analyzed is separated and cut in 
Petri dishes with the addition of 1.5 ml of the buffer 
solution;

• the buffer solution is used to extract and change the 
permeability of cellular membranes. It was found that 
a lysing buffer solution of Japanese researchers (Ha-
mada and Fujcta, 1983) was suitable for application: 
10 mM – aminomethane; 10 mM – Na2 – EDTA; 
100 mM – NaCl; pH – 7.7; 100 ml – stock solution 
DAPI (Germany) [21];

• after the leaves are cut, 0.5 ml of fl uorochrome 
DAPI solution (propidium iodide) is added to a Petri 
dish;

• the mixture is kept in Petri dishes for 5 min at ambi-
ent temperature and then fi ltrated through nylon fi lter 
to clean the nuclei from large cellular fragments and 
remains of leaves;

• the measurements of fl uorescence and the number 
of nuclei in 1 cc of solution are performed at PA Partec 
with a multichannel analyzer. The tubes with cell sus-
pension are switched on to electrodes.

Fig. 2. The determination of ploidy for the representatives of Miscanthus genus: a – Miscanthus sinensis (2х = 38), in 
conditions; b – nuclear DNA histogram for Miscanthus saccharifl orus with maх DNA on channels of 150 un. and 300 un.; 
c – Miscanthus saccharifl orus (2х = 38) of the fi rst year of vegetation at the experimental fi eld of IBCSB
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The histograms describe the distribution of the inves-
tigated cellular substances, i.e. determine the number 
of cells with specifi c content of nuclear DNA: axis Ох 
(a channel) – quantitative classes of the investigated 
cellular substance (for instance, DNA); axis Оу (a 
count) – the number of cells in each channel; cells/ml – 
the number of cells in 1 ml; fi le – fi le number. The 
number of measurements of the device is from 2 to 150 
thousand nuclei per sample.

To isolate the external standard by the quantitative 
content of nuclear DNA, the histograms of diploid mil-
let variety of Veselopodilska RBS (2х = 18 and 4х = 
= 36) and grain sorghum variety Dniprovsky (2х = 20) 
as well as diploid collection samples of Miscanthus 
sinensis ecotype 1 “Poland” were analyzed. The in-
crease in the value of enhancing (FL1) was selected 
for G1 peak of the investigated nuclei, isolated from 
diploid grain sorghum, to be observed on channel 50 
un. (G1) and 100 un. (G2). 

It was established that as for the species of Miscan-
thus sinensis ecotype 2 “Germany” (2х = 38) in terms 
of the mass of nuclear DNA of external standards, the 
diploid level of genome corresponds to the quantitative 
class on the channel of 150 un. and the class of cellu-
lar substance (G2) of the synthetic and post-synthetic 
periods of the cellular cycle on the channel of 300 un. 
(Fig. 2 a, b, c). The collection samples of Miscanthus 
latte “Germany” and Miscanthus mearly “Germany” 
(2х = 38), used by Jelitto Company, as decorative spe-
cies, corresponded to the diploid level of the genome 
according to the nuclear DNA histograms as well. Mis-
canthus х giganteus (3х) ecotype 1“Poland” and eco-
type 2 “Austria” were characterized by the distribution 

in terms of the quantitative content of nuclear DNA on 
the channels of 200 un. (G1) and 400 un. (G2) in ac-
cordance to the external standard for grain sorghum, 
Dniprovsky variety, determined by us (Fig. 3 a, b, c).

Three most relevant species, reproduced by clones 
in vitro for polyploidation, are Miscanthus saccharifl o-
rus ecotype I “Рoland”, Miscanthus sinensis ecotype 
I “Рoland”, Miscanthus sinensis new ecotype 2 “Ger-
many”, Miscanthus × giganteus ecotype 1 “Рoland” 
and ecotype 2 “Austria”.

The analysis of the structure in terms of ploidy level 
of the genome of vegetating plants of the second year 
was conducted using Miscanthus × giganteus ecotype 1 
“Рoland” and ecotype 2 “Austria” from the experimen-
tal fi elds of Hrady, Baranivka, the experimental fi eld of 
IBCSB. The objects of studies were leaves, generative 
shoots, rhizomes. The data are presented in Table 2.

According to the results of ploidy analysis for trip-
loid plants of Miscanthus × giganteus (3х) of the sec-
ond year of vegetation, which originated from Europe 
and were vegetatively reproduced using rhizomes, in 
Ukrainian conditions, we identify merely an insig-
nifi cant heterogeneity of populations and the presence 
of rhizomes with both hyperaneuploidy and hypoan-
euploidy status of the genome. To determine the rea-
son of genome instability, it is necessary to conduct 
the studies on the mitotic division of cells of triploid 
clones depending on the reproduction term. There is an 
intention to reproduce the selected initial material by 
the vegetative mass and ploidy of the planting material 
(rhizomes) and to replicate it for the restoration of the 
purity and productive features of Miscanthus × gigan-

Fig. 3. The analysis of ploidy for Miscanthus (3х) by the number of chromosomes and mass of nuclear DNA: a – Miscanthus 
х giganteus ecotype 2 “Austria” in vitro conditions; b – metaphase chromosomes of Miscanthus х giganteus (3х = 57) at 
the increase of 12.5х100 magnifi cation, determined by the analysis of rhizome shoots; c – nuclear DNA histograms for 
Miscanthus х giganteus with maх DNA on the channels of 200 un. and 400 un.



25

MISCANTHUS: GENETIC DIVERSITY AND A METHOD OF PLOIDY VARIABILITY 

AGRICULTURAL SCIENCE AND PRACTICE   Vol. 4   No. 3   2017

teus ecotype 2 “Austria” and ecotype 1 “Poland” in 
the fi eld conditions.

CONCLUSIONS

The method of determining the ploidy of miscanthus 
using the computer programs of Partec PA according to 
the quantitative content of nuclear DNA in the cell was 
mastered and adjusted to the foreign methods.

The method was coordinated with Japanese, Korean, 
and Polish researchers of the species of Miscanthus 
genus using grain sorghum, Dniprovsky variety (2х = 
= 20); Miscanthus sinensis 2n = 3x = 57, previously 
defi ned by the number of chromosomes, as standards 
and references of nuclear DNA.

The ploidy of collection samples of the species of 
Miscanthus genus was determined for the creation of 
new polyploid lines and selection of highly productive 
clones.

Miscanthus: генетична різноманітність видів 
та методика дослідження мінливості рівня 

плоїдності геному з використанням 
флуорисцентної цитофотометрії

Н.С. Ковальчук, М.В. Роїк 

e-mail: natalakovalcuk461@gmail.com, sugarbeet@ukr.net
Інститут біоенергетичних культур 

і цукрових буряків НААН
Вул. Клінічна, 25, Київ, 03110, Україна

Note: * 20-chromosome line of grain sorghum, Dniprovsky variety 2x = 20, as an external standard, was determined by the 
quantitative amount of nuclear DNA; ** average value of the fl uorescence intensity of the main DNA fraction which corre-
sponds to the quantitative classes for this variability coeffi cient; *** hypoaneuploidy status of the genome in the population 
of Miscanthus × giganteus during the vegetative reproduction using rhizomes; **** hyperaneuploidy status of the genome in 
the population of Miscanthus × giganteus.

Table 2. The variability in terms of genome ploidy level for the populations of Miscanthus х giganteus of the second year of 
vegetation

Kind of 
miscanthus and 

external standard

Experimental 
numbers

Study 
object

N
um

be
r o

f 
an

al
ys

es

Max DNA (Mean)** 
on Partec PA channels Coeffi cient 

of 
variability, 
% (CV*)

Ploidy
50,
100

150, 
300

200, 
400

External 
standard*
brown durra 
2x = 20
Miscanthus 
species
Miscanthus ×
× giganteus 
“Austria” 
Miscanthus ×
× giganteus
“Austria” 

Miscanthus ×
× giganteus
“Poland” 
Miscanthus ×
× giganteus 
“Poland”
Miscanthus ×
× giganteus 
“Poland”

2–1; 2–10

7–1;7–19

8–25

3–1; 3–3; 
3–7

3–9; 
3–14

4–2; 4–6; 4–9; 
4–11; 4–12

acrospires

generative 
shoots
leaves

leaves

rhizomes

rhizomes

rhizomes

6

7

19

51

30

20

50

50.20–52.65

150.10

145.43–160.0

133.63–188.68

151.07–158.09

141.02–178.99

143.15–180.13

221.69

3.05–14.72

5.62–15.81

4.98–9.01

3.43–7.27

2.52–5.96

5.83–7.88

3.09–11.16

2х

2х

3х

3х
3х–n***

3х+n****
4х
3х

3х
3х–n
3х+n

3х
3х+n
3х–n
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Мета. У зв’язку з інтродукцією видів роду Miscanthus 
європейського генофонду в Україні і насамперед по-
ширенням єдиного стерильного алотриплоїдного клону 
Miscanthus × giganteus (3x), як найбільш перспективної 
біоенергетичної культури, необхідно розробити і 
узгодити з зарубіжними методики визначення рівня 
плоїдності геному для забезпечення сортової чистоти 
посадкового матеріалу, одержання поліплоїдних рядів
і селекції клонів альтернативних Miscanthus × gigan-
teus (3x). Методи. Цитологічні, біотехнологічні, флуо-
рисцентної цитофотометрії, польові, лабораторні.  
Результати. Зовнішнім стандартом для визначення 
плоїдності з використанням аналізатора плоїдності (АП)
«Partec» (Німеччина) виділений вітчизняний диплоїд-
ний сорт проса «Поляно» Веселоподільської дослідно-
селекційної станції (ДСС) та сорго зернове сорт 
«Дніпровський». З впровадженням методики флуорес-
центної цитофотометрії відібрані за плоїдністю і роз-
множенні клонами різні види роду міскантус, Miscant-
hus × giganteus (3x), Miscanthus sinensis (2x), Miscanthus 
saccharifl orus (2х). Встановлена гетерогенність популяції 
Miscanthus × giganteus (3x) двох екотипів за рівнем 
плоїдності геному при вегетативному розмноженні 
ризомами, походження із Польщі і Австрії. Висновки. 
Через складність цитологічних досліджень, необхід-
ність залучення представників роду Miscanthus для 
розвитку біоенергетики в Україні та диференціації 
представників роду Miscanthus в умовах in vivo та in 
vitro задля освоєння європейського генофонду, викла-
дено нову методику ідентифікації рослинного мате-
ріалу за рівнем плоїдності геному з використанням 
флуорисцентної цитофотометрії. Визначено плоїдність 
комерційних зразків міскантуса іноземного походжен-
ня, що інтродуковані в мережі дослідно-селекційних 
станцій Інституту біоенергетичних культур і цукрових 
буряків.

Ключові слова: аналізатор плоїдності (АП) «Partec», 
біоенергетика, гістограми ядерної ДНК, рівень плоїд-
ності геному, культура in vitro, флуоресцентна цито-
фотометрія Miscanthus × giganteus, Miscanthus sinensis, 
Miscanthus saccharifl orus.

Miscanthus: генетическое разнообразие видов 
и методика исследования изменчивости уровня 

плоидности генома с применением 
флуорисцентной цитофотометрии 

Н. С. Ковальчук, Н. В. Роик
e-mail: natalakovalcuk461@gmail.com, sugarbeet@ukr.net

Институт биоэнергетических культур 
и сахарной свеклы НААН

Ул. Клиническая, 25, Киев, 03110, Украина

Цель. В связи с интродукцией видов рода Miscanthus 
европейского генофонда в Украине и прежде всего
распространением единого стерильного алотриплоид-

ного клона Miscanthus × giganteus (3x), как наиболее 
перспективной биоэнергетической культуры, необходи-
мо разработать и согласовать с зарубежными методики 
определения уровня плоидности генома для обеспече-
ния сортовой чистоты посадочного материала, получе-
ния полиплоидных рядов и селекции клонов альтер-
нативных Miscanthus × giganteus (3x). Методы. Цито-
логические, биотехнологические, флуорисцентной цито-
фотометрии, полевые, лабораторные. Результаты. Эта-
лоном для определения плоидности по количеству 
ядерного ДНК с использованием анализатора плоиднос-
ти (АП) «Partec» (Германия) выделены отечественный 
диплоидный сорт проса “Поляно” Веселоподольской 
опытно-селекционной станции (ОСС) и сорго зерновое 
сорт “Днепровский”. С внедрением методики отобраны 
по плоидность и размноженные клонами различные виды 
рода мискантус, Miscanthus × giganteus (3x), Miscanthus 
sinensis (2x), Miscanthus saccharifl orus (2x). Установлена 
гетерогенность популяции Miscanthus × giganteus (3x)
двух экотипов по уровню плоидности генома при ве-
гетативном размножении ризом происхождения из Поль-
ши и Австрии. Выводы. Из-за сложности цитологи-
ческих исследований, необходимости привлечения пред-
ставителей рода Miscanthus для развития биоенергетики 
в Украине и дифференциации различных видов рода
Miscanthus в условиях in vivo и in vitro с целью 
освоения европейского генофонда, изложена новая ме-
тодика идентификации растительного материала с ис-
пользованием флуоресцентной цитофотометрии. Опре-
делена плоидность коммерческих образцов Miscanthus × 
× giganteus (3x) иностранного происхождения, которые 
введены в систему опытно-селекционных станций Ин-
ститута биоенергетических культур и сахарной свеклы.

Ключевые слова: анализатор плоидности (АП) «Par-
tec», биоэнергетика, гистограммы ядерной ДНК, уро-
вень плоидности генома, культура in vitro, флюорис-
центна цитофотометрия, Miscanthus × giganteus, Miscan-
thus sinensis, Miscanthus saccharifl orus.
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The health condition of animals, their performance 
and reproduction features are considerably defi ned by 
the degree of supplying the organism with the energy 
and a number of chemical elements, fi rst and fore-
most, the essential, irreplaceable, ones. Any devia-
tion from the balanced diet leads to the impairment 
of organism functions, especially if these deviations 
are rather clearly expressed and longstanding. Thus, 
the rationing of their content for animals, especially 
highly productive ones, is a relevant condition for the 
manifestation of a high level of genetic potential of 
performance [1, 2].

Modern studies in the animal breeding industry 
show (prove) established that the most promising way 
of obtaining micronutrients with guaranteed safety 
and bioticity is the use of achievements of nanotech-
nology and bioinorganic chemistry for the synthesis 
of metalloorganic biocomplexes. Nanobiomaterials, 
used in animal breeding, should correspond to such 
main requirements as ecological purity, biocom-
patibility with this biological object (including the 
compatibility on the cellular level) and programmed 

productive effect [3]. It is clear that obtaining such 
nanobiomaterials is a complicated task, but only then 
it is possible to qualify them as functional nanobioma-
terials. Their further successful application in animal 
breeding is also manifested by the fact that these ma-
terials should be obtained at suffi cient amount and at 
the affordable cost.

The functional nanobiomaterials, currently of most 
immediate interest for animal breeding, are, fi rst and 
foremost, microelement compositions, as microele-
ments are incomparable to all the elements, present 
in various biological objects, including the cells of 
humans, animals, microorganisms by the ratio of “el-
ement content – its effect on vital functions of the bio-
logical object” [3].

A group of researchers in Ukraine [4] developed a 
nanotechnology method to obtaine carboxylates of 
super purity of the main food acids and biotic ele-
ments (Zn, Mg, S, Mn, Fe, Cu, Co, Mo, Cr, I, Se). The 
method elaborated, aimed at, aimed at enriching food 
additives with microelements in the form of citrates 
of biotic elements, obtained using nanoaquatechno-
logy [3, 5, 6].
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The Institute of Animal Biology of the National 
Academy of Agrarian Sciences of Ukraine conducts 
the studies in determining physiological-biochemical 
mechanisms of the effect of nanoaquacitrates of micro-
elements in the organism of animals in different peri-
ods of ontogenetic development and productive use [7, 
8]. The toxic doses of nanoaquacitrates of 18 elements 
were determined (Cr, Cu, Fe, Zn, Se, Mn, Mo, I, V, 
Bi, Ni, Mg, S, Ge, Al, Ag, Ce, Si) along with those of 
their combinations, which were found to be 6–8-fold 
lower than their mineral salts. This information was 
used to elaborate food additives, veterinary medici-
nal products and preparations based on the citrates of 
microelements with high biological activity [9]. The 
introduction of different amounts of nanoaquacitrates 
of microelements to the diet of animals allowed deter-
mining the minimal physiologically active and opti-
mal doses for cattle, pigs, rabbits, bees. The impact of 
these compounds was studied in terms of the content 
of macro- and microelements in the tissues and fl uids, 
the formation of immunobiological reactivity of the or-
ganism, the condition of antioxidants, disintoxication, 
reproductive and immune systems, the growth and de-
velopment of calves, piglets and infant rabbits as well 
as the role of citrates in treatment and prevention of mi-
croelementosis in animals. The impact of nanoaquaci-
trates of specifi c elements on the biological value of 
animal breeding products was studied in terms of in-
dices of the chemical composition of milk, meat, con-
tent of fatty acids, microelements and proteins. These 
results promoted the elaboration of the methodology of 
studying the biological effect of nanoaquacitrates in the 
organism of animals as well as their impact on the bio-
logical value and quality of animal breeding products. 
Some differences in the effect of nanoaquacitrates were 
revealed for Se, Ge, Cr, Fe in the organism of animals 
compared to other compounds of these microelements 
which are conditioned by their increased physiological 
activity and absorption intensity in the digestive tract.

The introduction of citrates of Cr, Se, Co and Zn to 
the diet of cows improved their liver function, the ex-
change of Ca, P and vitamin Е [10]. The introduction of 
citrates of these elements promoted the activation of ex-
change processes in the organism, enhancing the cata-
lase, superoxide-dismutase and glutathione-peroxidase 
activity and the decrease in the number of leukocytes, 
the content of hydroperoxides of lipids and TBA-active 
products during the 1st and 2nd months of feeding with 
the additive. The mineral additive stimulated the secre-
tory activity of the mammary gland, increasing the av-
erage daily milk yield of cows by 3.3–7.8 % [11].

It was established that the capability of males to pro-
duce functional sperm depends on the content of mi-
croelements, which belong to the active centers of nu-
merous enzymes of glycolysis, pentose phosphate way 
and antioxidant protection. For instance, the effect of 
citrates of Mn2+, Сu2+and Zn2+ on the intensity of oxi-
dative processes in sperm and survival of sperm cells 
of bulls was investigated. It was established that mi-
croelements in the form of citrates penetrate the germ 
cells and have their regulatory impact on the intensity 
of oxygen consumption and the restoring capability of 
sperm, the activity of succinate dehydrogenase and the 
survival of sperm cells in diluted ejaculates of bulls. 
To balance the composition of the diluting agent to the 
physiological boundaries of native ejaculates, the nor-
malization of oxidative metabolism, and the provision 
of long survival of sperm cells, the researchers recom-
mend adding 10-20-fold lower doses of Mn-, Cu- and 
Zn-citrates into the dilution environment compared to 
their analogues in the form of salts. The optimal concen-
trations, at which the intensity of oxidative processes 
normalized in the diluted sperm of bulls, are as follows: 
0.01 mg/l Mn-, 0.004 mg/l Сu- and 0.06 mg/l of Zn-ci-
trates. At the abovementioned concentrations of citrates 
of microelements the survival of sperm cells of bulls at 
the temperature of 0–4 ºС was 127.2–132.0 hours. The 
increase in the concentrations of microelements in the 
form of citrates exceeding the optimal values resulted 
in the inhibition of the respiratory activity of sperm and 
the accumulation of protons in the extracellular envi-
ronment, and in case of the maximal dose of Cu-citrate 
(0.4 mg/l) – in the activity of succinate dehydrogenase 
and the survival of sperm cells as well [12].

There was a study on the impact of analogous ci-
trates of microelements in the diluted ejaculates of 
boars, diluted with phosphate-saline buffer, on the in-
tensity of oxidative processes and survival of sperm 
cells. It was established that the increase in the content 
of citrates of microelements in the diluted ejaculates 
of boars leads to the reliable decrease in the respira-
tory activity of sperm as well as to the redistribution 
of the fl ow of protons between sperm cells and the di-
luting agent towards their increase in the extracellular 
environment. High survival rate of the sperm of boars 
(132.7–141.2 hours in the phosphate-saline buffer at 
the temperature of 2–4 ºС is manifested at the same 
concentrations of citrates of microelements, noted for 
bulls: 0.01 mg/l Mn-, 0.004 mg/l Сu- and 0.06 mg/l of 
Zn-citrates [13].
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The experimental studies have proven that the ci-
trates of microelements affect the metabolism process-
es in the organism of sows. It was established that there 
was an expressed complex impact of the citrates of 
microelements (Fe, Zn, Mn, Cu, Co) in the concentra-
tion which was several times lower compared to their 
inorganic salts, on the metabolism indices in the blood 
of piglets during the weaning period [8, 14]. For in-
stance, the effect of the citrates of microelements was 
found to induce the increase in the antioxidant activ-
ity of erythrocytes which conditioned the increase in 
adaptive properties of the organism during the period 
of stress-factor of weaning. The increase in the num-
ber of erythrocytes and the concentration of hemo-
globin at the effect of the citrates of microelements in 
piglets during this period is of great relevance for the 
prevention of iron-defi cient anemia. The activation of 
the hematopoietic system towards hemopoiesis process 
intensifi cation is likely to be the adaptive reaction of 
the organism, ensuring the realization of the protective 
function of blood and promoting the formation of the 
immune status of animals during the early postnatal 
period of development. The citrates of microelements 
enhance this capability of the organism, and improve 
the resistance of animals to diseases during the wean-
ing period. The consumption of the citrates of micro-
elements by piglets also affected the protein exchange 
in the organism, in particular, promoted the increase 
in the content of total protein and the decrease in the 
activity of alanine aminotransferase in their blood. At 
the same time, an insignifi cant decrease in the glucose 
concentration in the blood of piglets at the effect of the 
citrates of microelements on the 30th day of life is a 
positive effect, caused by the increased use of this sub-
strate in their organism as energy material during the 
period of action of the stress-factor of weaning. The re-
sults obtained are in good agreement with the literature 
data on the fact that some microelements in the citrate 
form affect the hormonal activity. As zinc regulates in-
sulin secretion, and chromium increases its effect, pro-
moting the binding of the hormone to the receptors on 
the surface of the cells, these elements affect the whole 
spectrum of insulin-dependent processes [1]. The in-
tensifi cation of exchange processes in the organism 
of piglets at the effect of the citrates of microelements 
is conditioned by the better consumption of the latter, 
compared to inorganic salts. It was determined that the 
application of the citrates of microelements while feed-
ing piglets promoted the 33.6 % increase in the average 
daily bodyweight gain which were 131 g in the control 
group, and 175 g in the experimental one [14].

There was a complex study of the impact of ferrum 
citrate in the composition of the Nanoferotsyt prepa-
ration (TU U 21.2-30995014-009:2014), elaborated 
at the Institute of Animal Biology NAAS, on ferrum- 
and oxygen-transporting functions of blood and on 
the metabolism processes in the organism of piglets. 
It was established that this preparation was effi cient in 
preventing alimentary ferrum-defi cient anemia. It was 
determined that the introduction of ferrum citrate pro-
motes the increase in the number of erythrocytes and 
hemoglobin concentration in blood, has positive effect 
on ferrum-binding function of transferin, stabilizes 
blood proteins, the content of Fe, Cu, Co, Mn, vitamins 
A and E, lipid peroxidation products and the indices of 
antioxidant system [15].

The citrates of microelements, consumed by female 
animals during their pregnancy, may infl uence the me-
tabolism processes both in their organism and in their 
fetuses and new-born progeny. It was found that citrate 
chromium, fed to the sows 10–15 days prior to their 
littering down and for 20 days after that in the doses of 
0.5 and 2 μg Cr(III)/kg of bodyweight, stimulated the 
erythropoietic function both in the sows and in new-
born piglets in the fi rst days after their birth [16]. In ad-
dition, at the effect of citrate chromium in the amount 
of 2 μg Cr(III)/kg, the functional activity of leukocytes 
and the number of lymphocytes in the blood of sows 
increased with the decrease in the level of segmented 
neutrophils during the last month of pregnancy and in 
the fi rst days after birth. This testifi es to enhancing the 
cellular link of non-specifi c resistance, specifi c factors 
of protection, the increase of reserve possibilities of re-
dox metabolic processes of leukocytes in the organism 
of animals. Therefore, the changes in hematopoietic 
and immunological indices of blood of the sows and 
newborn piglets at the introduction of citrate chromium 
to the diet are likely to be the adaptive reactions of their 
organism during the period of action of the stress-fac-
tor – the birth.

The correction of different links of metabolism is 
conducted for pregnant sows and doe-rabbits at the 
effect of citrate chromium, in particular, involving 
the stabilization of carbohydrate, lipid and protein ex-
change and normalization of antioxidant and immune 
systems of the organism. Metabolically effi cient 
amounts of citrate chromium, which were addition-
ally introduced to the diet of animals, may be used as 
recommended doses for the regulation of metabolism 
processes and prevention of Cr(III) defi ciency in the 
organism [8].
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The effect of citrate chromium in the amount of 
3 μg/kg of bodyweight on the indices of T- and B-cel-
lular immunity was studied in rats. It was established 
that there was an increase in total T-lymphocytes, T-
active lymphocytes, T-helpers, B-lymphocytes and im-
munoregulatory index in their blood which testifi es to 
the activation of the functional activity of lymphocytes 
and induces the increase in the cellular and humoral 
links of the immunity of rabbits at the effect of citrate 
chromium [17].

The experiments proved high effi ciency of the ac-
tion of citrate chromium in the organism of animals 
on the indices of carbohydrate, protein, and lipid ex-
changes, the activation of antioxidant, NO-synthase, 
endocrine and immune systems [8]. It was determined 
that the introduction of citrate chromium to the diet 
of animals is accompanied with the regulatory impact 
on the function of suprarenal, thyroid and pancreas 
glands. For instance, the experiments proved that the 
content of insulin in the blood serum at the effect of 
citrate chromium in the amount of 5 μg Cr(ІІІ)/kg of 
bodyweight tended to increase, with the reliable in-
crease in the content of triiodothyronine – by 53.1 % 
and thyroxine – by 21.0 %, whereas the content of 
cortisol decreased by 20.8 % [18].

It was proven that citrates of Cr, Zn, Mg and Va have a 
normalizing effect on metabolism processes in animals 
in the hyperglycemia conditions. It was established that 
at the effect of these compounds in the blood of animals 
with experimental hyperglycemia there was a decrease 
in the levels of glucose, glycolized hemoglobin, prod-
ucts of peroxide oxidation of lipids, lactate, the activ-
ity of lactate dehydrogenase, inducible NO-synthase, 
with the simultaneous increase in the activity of glu-
coso-6-phosphate dehydrogenase, the activity of AOS 
enzymes (superoxide dismutase, catalase, glutathione 
peroxidase, glutathione reductase) and the content of 
reduced glutathione [19]. The obtained results may be 
practically used while treating animals from hypergly-
cemia, which occurs at their excessive consumption of 
easily digestible carbohydrates which simultaneously 
leads to obesity, in case of insular hypofunction of the 
gland in the newborn animals as well as during the 
pregnancy of females. The application of Cr, Zn, Mg 
and Va in the citrate form causes the normalization of 
the functional state of animals due to the increase in 
secretion and improvement in the binding of insulin to 
receptors on the surface of cells.

The disintoxicating function and activity of enzymes 
of antioxidant protection in blood and tissues of young 

rats was studied while feeding mothers-rats with the 
solution of citrates of Cr, Se and Ge. It was established 
that feeding citrates of these microelements for a long 
time has a direct effect on the increase in the level of 
phenols in liver tissues and skeletal muscles of the 
progeny of female rats. Generally, these changes were 
conditioned with the increase in the concentration of 
phenol sulfates and phenol glucuronides. In addition, 
while feeding with the solution of citrates of Cr, Se 
and Ge there was an increase in the activity of anti-
oxidant protection enzymes – catalase and superoxide 
dismutase in liver tissues and skeletal muscles of the 
progeny of female rats [20, 21].

There was a remarkable positive dose-dependent (10, 
20, 200 μg Ge/kg of bodyweight) impact of Ge citrate 
on the growth and development of the organism of rats, 
its hematological and immunophysiological indices 
[22]. There was expressed impact of Ge citrate in the 
dose of 20 μg Ge/kg of bodyweight on the growth and 
development of the male organism. The effect of Ge ci-
trate stimulated the immunophysiological response of 
the organism with the increase in the content of total Ig, 
average weight molecules, sialic acids, the number of 
leukocytes due to the lymphocytes and granulocytes at 
the background of the decrease in the level of circulat-
ing immune complexes and hexoses, bound to proteins.

The scientists of the Bila Tserkva National Agrarian 
University investigated the effect of the Ge aquachelate 
solution on the level of peroxide oxidation of lipids, the 
enzymatic link of the antioxidant system and the con-
dition of endogenous intoxication of quail embryos. It 
was established that 5.0 μg/kg of eggs of Ge aquache-
late had a positive effect on the activity of the enzymes 
of antioxidant protection of embryos, not causing any 
intoxication [23].

The studies on goslings which were fed with com-
bined feeds, enriched with Ge citrate in different doses 
during the period of their growth, established the inten-
sifi cation of the growth of young birds, improvement of 
their vital functions and effi ciency of using the feeds. 
The dose of Ge of 0.20 mg/kg was found to be the most 
effi cient as its introduction to the combined feeds pro-
moted the growth of live weight of goslings by 2.3 %, 
their survival – by 3.0 % and the decrease in the feed 
amounts per unit of product gain by 2.5 % [24].

It was determined that local feeding of sows with Ge 
citrate in the dose of 11.16 μg/kg from 1 to 9 days till 
littering down led to obtaining a higher number of nor-
mally developed newborn piglets without any consid-



32

ISKRA et al.

AGRICULTURAL SCIENCE AND PRACTICE   Vol. 4   No. 3   2017

erable changes in their bodyweight. In addition, feed-
ing with Ge citrate induced the tendency to the increase 
in the weight of newborn male piglets [25].

It was proven that “nanoaquacitrates” of mineral ele-
ments are both biologically active and safe for health, 
permissible for the purpose of enriching the feeds, raw 
materials and food products and demonstrate protec-
tive properties regarding heavy metals [4, 6]. For in-
stance, the use of citrates of Cr, Se, Co and Se to feed 
bees demonstrated the decrease in the content of heavy 
metals (Cd, Pb) both in the tissue of the whole organ-
ism and in separate anatomic areas of bees [26]. It was 
determined that there was some dynamics in the con-
tent of lipids in the tissues of bees which promoted the 
processes of metabolic accumulation of energetic and 
plastic components. The obtained data confi rm the rea-
sonability of using the additives of the citrates of micro-
elements while feeding bees. This ensures the increase 
in their viability, the increase in the content of essential 
microelements, lipid and carbohydrate components in 
the organism and the products of bee-keeping.

The effect of separate and combined application of 
different doses of Co and Ni citrates in spring feed ad-
ditives for honey-bees on the intensity of queen bee 
laying eggs was investigated. The obtained results of 
studies indicate a considerable stimulating effect of 
separately applied Co and Ni citrates on the intensity 
of egg laying of queen bees in spring [27].

The estimation of biological activity of citrates of Fe, 
Cu, Zn, Mg, obtained by the nanotechnology method, 
was conducted using in vitro conditions. Their impact 
on cell cultures and blood proteins (albumins, immu-
noglobulins) was studied. It was established that the 
highest cytotoxic activity regarding the cell culture was 
demonstrated by Cu and Zn citrates and the lowest ac-
tivity – by Mg citrates. The highest denaturating activ-
ity regarding blood plasma proteins was determined for 
Fe compounds and the lowest one – for Mg [28].

The specialists of the National Scientifi c Center “In-
stitute of Experimental and Clinical Veterinary Medi-
cine” of NAAS determined the dynamics and degree 
of the effect of nanoaquacitrates of metals Ge, Se, 
Mg, Cu and Ag in different doses on the factors of 
non-specifi c resistance of the organism of birds [29]. 
The addition of nanoferrum citrate to the complex 
preparation “metalloglobulin” facilitated obtaining an 
improved “nanometalloglobulin” which allows using 
it to treat anemia of newborn piglets and chickens. 
It was established that there was a positive effect of 
complex probiotic-metalloprotein preparation with 

the addition of nanoferrum citrate on the bodyweight 
gain, the indices of congenital immunity and expres-
sion of genes, encoding cytokines IL-17α, IL-2, IFN-γ 
in chickens [29].

CONCLUSIONS
To preserve the health of animals, to improve pro-

ductive and reproductive features, their organism 
should be supplied with a number of chemical ele-
ments, starting with the essential ones. The physio-
logical-biochemical mechanisms of the action of the 
citrates of microelements, obtained using the achieve-
ments of nanotechnology, are studied at the Institute 
of Animal Biology NAAS. It was established that 
there was a positive effect of these compounds on the 
formation of immunobiological reactivity of the or-
ganism, the condition of antioxidant, disintoxication, 
reproductive and immune systems, the growth and de-
velopment of newborn animals as well as the role of 
citrates in treatment and prevention of microelemen-
tosis in animals. It was proven that the application of 
the citrates of microelements in animal breeding as 
biologically active compounds, safe for health, leads 
to the improvement of vital functions of animals and 
to the increase in their performance.
Біологічна ефективність цитратів мікроелементів

у тваринництві
Р. Я. Іскра, В. В. Влізло, Р. С. Федорук

e-mail: Iskra_r@ukr.net
Інститут біології тварин НААН, 
Вул. В. Стуса, 38, м. Львів, 79034

Для забезпечення нормального функціонування орга-
нізму тварин, підтримання його життєвих функцій, росту 
і розвитку молодняку, продуктивної та репродуктивної 
здатності необхідне забезпечення повноцінного їх жив-
лення. Незбалансоване мінеральне живлення у раціоні 
тварин призводить до порушень мінерального обміну 
в їхньому організмі. Одним з найбільш перспективних 
шляхів одержання мікронутрієнтів з гарантованою без-
печністю та біотичністю є використання досягнень 
нанотехнології та біонеорганічної хімії для синтезу 
металоорганічних біокомплексів, зокрема цитратів. В 
Інституті біології тварин НААН проводяться дослідження 
із з’ясування фізіолого-біохімічних механізмів дії нано-
аквацитратів мікроелементів в організмі тварин у різні 
періоди онтогенетичного розвитку та продуктивного 
використання. Встановлено, що цитрати мікроелементів 
є біологічно активними та безпечними для здоров’я, а їх 
застосування у тваринництві призводить до підвищення 
життєздатності тварин та продуктивності.

Ключові слова: цитрати, мікроелементи, тваринництво, 
нанотехнології.
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Биологическая эффективность цитратов 
микроэлементов в животноводстве

Р. Я. Искра, В. В. Влизло, Р. С. Федорук

e-mail: Iskra_r@ukr.net

Институт биологии животных НААН
Ул. В. Стуса, 38, г. Львов, 79034

Для обеспечения нормального функционирования ор-
ганизма животных, поддержания его жизненных функ-
ций, роста и развития молодняка, продуктивной и 
репродуктивной способности необходимо обеспечение 
полноценного питания. Несбалансированное минераль-
ное питание в рационе животных приводит к наруше-
ниям минерального обмена в их организме. Одним из 
самых перспективных путей получения микронутриен-
тов с гарантированной безопасностью и биотичностью 
является использование достижений нанотехнологии и 
неорганической химии для синтеза металлоорганичес-
их биокомплексов, в частности цитратов. В Институте 
биологии животных НААН проводятся исследования 
по выяснению физиолого-биохимических механизмов 
действия наноаквацитратов микроэлементов в организ-
ме животных в разные периоды онтогенетического 
развития и продуктивного использования. Установлено, 
что цитраты микроэлементов являются биологически 
активными и безопасными для здоровья, а их приме-
нение в животноводстве приводит к повышению жизне-
способности животных и продуктивности.

Ключевые слова: цитраты, микроэлементы, животно-
водство, нанотехнологии. 
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INTRODUCTION 

The development of green economy of Ukraine 
should be based on alternative sources of energy 
and fuel, technologies of environmentally-friendly 
manufacturing, agriculture and green building as well 
as programs of ecological recovery of air, water and 
soil, processing and utilization of waste products.

In the experts’ opinion, Ukraine has a great agricul-
tural potential and thus an opportunity of obtaining 
raw materials for biofuel production: “We have fi gures 
which prove that in Ukraine biogas may be manufac-
tured in the volumes which would allow decreasing 
the state’s dependence on Russia by 50 % and trans-
porting biogas to Europe using the current gas pipe-
line.” Claude Turmes, MEP, the Group of the Greens, 
believes that the management bodies of the European 
Union could use the loans of the European Investment 
Bank to fi nance this project [1].

The need of increasing the use of renewable sources 
of energy is conditioned both by environmental safety 
of biofuel application and the exhaustion of tradition-
ally mined fuel [2]. As Ukrainian regions differ in the 

availability and assortment of bioenergetic resources, 
it is a priority to determine economic reasonability of 
using these resources in Polissia region.

Perennial grasses are the most optimal ones to be 
introduced into the national fuel and energy complex 
of bioresources, as they may become a key element 
of bioenergetic independence of the regions of Ukrai-
nian Polissia and promote the development of other 
branches of agricultural production. This selection was 
caused by natural conditions and resources as well as 
economic situation in these regions [3]. The analysis of 
the current status of land use demonstrated that about 
40 % of agricultural fi elds are not used in Polissia zone 
now, including 1,380 thousand ha of fallows, 2,444 
thousand ha of natural fodder land which are not used 
in the full scope due to the absence of animal breed-
ing. In addition, pursuant to the program of promoting 
the development of animal breeding, the zone should 
envisage growing perennial grasses in the area of 115 
thousand ha. It proves potential possibilities of devel-
oping the bioenergetic industry without considerable 
energy expenses to grow the biomaterial.

The advantages of this variant are high performance 
of perennial cereal crops, which excel annual plants 
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in terms of performance of dry biomass, effi ciency of 
accumulating solar energy, environmental safety and 
economy of technologies of growing. It should be noted 
that the crops, the biomass cultivation of which requires 
less energy consumption, will be more attractive for ag-
ricultural producers [4]. The technologies of growing 
perennial grasses meet these main requirements. Thus, 
we suggest expanding the area for the latter in Polissia 
zone by introducing them into current crop rotations and 
using the no longer utilized low fertility land in Polissia 
for further complex application as a source of renew-
able energy for fodder and other purposes [5]. In its turn, 
the expansion of the area of sowing perennial grasses 
will promote the restoration of animal breeding in the 
zone, while the use of biofuel as alternative energy will 
promote the reduction of the cost of animal breeding 
products. However, it should be noted that the develop-
ment of biogas production in this zone will also have 
a positive effect on the plant growing industry due to 
the production of alternative organic fertilizers. All the 
abovementioned proves the urgency of this matter.

Materials and Methods. The study was conducted 
in 2011–2015 at the experimental fi eld of the Institute 
of Agriculture of Polissia, NAAS, which has turf-medi-
um podzolic sandy soil with the following agrochemi-
cal indices: humus content – 1.28 % (according to Tu-
rin), labile phosphorus – 69, exchange potassium – 107 
mg/100 g (according to Kirsanov), total of absorbed 
alkali – 2.2-2.24 mg.-equiv/100 g (method of Kappen-
Hilkovitz), рН saline – 5.4 (potentiometrically).

The object of studies was the processes of forming 
biological potential of high stem traditional and non-
traditional crops as sources of renewable energy. The 
empirical determination of biogas input was performed 
according to calculations, suggested by Pavlisky V.M. 
and Nahirny Yu.P. [6]. The estimated biogas input was 
determined according to the ratio:
where VТ – estimated biogas input, m3/kg; ЕT – esti-
mated biomass energy, Mjoule/kg, which is determined 

by its chemical composition using the formula:

ВЕ = 0.02338*P + 0.0397*F + 0.0188*A + 0.0175*NES

where P – protein content, g in 1 kg; F – fat content, 
g in 1 kg; A – ash content, g in 1 kg; NES – content 
of nitrogen-free extractive substances, determined by 
calculations, g in 1 kg. gbg – heat-forming capability of 
biogas, which equals 21 Mjoule/m3.

The lignifi cation coeffi cient was found using the for-
mula:

where 3.296 Mjoule – reduction in estimated methano-
genic energy of 1 kg of dry biomass.

The estimated methanogenic energy of 1 kg of dry 
mass was found using the formula:

EM = ET ×Cb ×Cl, Mjoule/kg, 

where Cb – coeffi cient of reducing the biogas input due 
to ensuring the viability of microorganisms in the pro-
cess of anaerobic fermentation of the substrate, which 
is taken as 0.93; Cl – lignifi cation coeffi cient.

The possible input of biogas:

Vp – possible input of biogas.
The actual energy, transformed into biogas energy 

(via exchange energy), was found using the formula:

where EE – exchange energy, Mjoule/kg using the for-
mula:

EE= 17.46*Pp+31.23*Pf+13.65*Pc+14.78*PNES.

The actual input of biogas from 1 kg was found using 
the formula:

The content of methane in biogas is accepted as 
0.505 %.
Cb – coeffi cient of breakdown during fermentation, ac-
cording to the ratio:

Cba e – coeffi cient of energy breakdown, the actual to 
estimated one:

Cbam – coeffi cient of energy breakdown, the actual to 
methanogenic one;

V  =       T ;ETgbg

Cl = 1 –            ;  3.296
ET

E = a 
OE
0.82

, Mjoule/kg

C  =       b

EM

Em

C  =       bae

Ea

ET
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The relative input of gas from one area unit was 
found using the formula:

Vas = Va × Yi

where Yі – crop input from one area unit.
The method of fermenting the organic matter ob-

tained from vegetative sources was used according to 
the standard of organization of the Housing and Utili-
ties Sector 10.09-014:2010 “Household wastes. Tech-
nology of processing the organic matter which is a 
component of household wastes.” [7] The content of 
the main nutrients was determined in organic fertiliz-
ers: total nitrogen, total phosphorus, total calcium.

The agrotechnology of growing crops is common for 
Polissia conditions.

RESULTS OF INVESTIGATIONS

One of the ways of using the potential of low fertil-
ity turf-podzolic soils, taken out of utilization patterns, 
is the cultivation of multicut perennial crops with the 
purpose of their complex use (seeds, fodder, biogas). 
Practically all the biomass is used in this case. The 
main task of growing agricultural crops for energetic 
purposes is obtaining the maximal amount of biomass 
with minimal expenses.

The selection of energy-effi cient plants for Polissia 
conditions and the rational technologies of their culti-
vation involved the study of the performance formation 
for minor (Sida hermaphrodita Rusby, Silphium perfo-
liatum L., Galega orientalis L.) and traditional peren-
nial cereal grasses for the zone.

The performance analysis of different vegetative 
sources demonstrated that in annual total the perfor-
mance of perennial cereal grasses is 11.2-27.0 t/ha of 
green or 4.6-11.7 t/ha of dry mass, that of non-tradi-
tional crops – 15.3-100.0 and 5.5-25.8 t/ha respectively 
(Table 1).

If perennial cereal grasses are used for seeds, their 
vegetative mass is formed in two stages during the veg-
etation period. The fi rst one is at the end of June - at the 
beginning of July, during the period after thrashing of 
grasses. Thus, after thrashing the seeds, perennial ce-
real grasses ensure the input of renewable vegetative 
mass at the level of 6.5–16.5 t/ha or 2.6–6.8 t/ha, when 
calculated as dry substance, depending on fertilizers. 
The largest weight of 15.3 and 16.5 t/ha of green mass 
or 5.9–6.8 t/ha of dry mass was ensured by Bromus 
inermis and Elytrigia repens in the variants of introduc-
ing the fertilizers according to the norm of N90+30Р60К90. 
The second stage (after-grass) takes place in the third 

decade of October – the fi rst decade of November, 
when the input of green vegetative mass is formed at 
the level of 3.9–11.3 t/ha or 2.3–4.9 t/ha, when calcu-
lated as dry substance, depending on fertilizers. While 
harvesting the after-grass the input of vegetative mass 
was remarkable for Phalaris arundinacea and Elytrig-
ia repens with the parameters of 11.3 and 10.5 t/ha of 
green mass or 4.6 and 4.9 t/ha of dry mass while fer-
tilizing according to the norm of N90+30Р60К90. In total 
for a year, the most productive ones were also Phalaris 
arundinacea and Elytrigia repens with 27 and 25.9 t/ha 
of green mass or 11.7 and 10.3 t/ha of dry mass while 
fertilizing with N90+30Р60К90.

In Polissia conditions, non-traditional perennial crops 
are also capable of ensuring two scythings of the veg-
etative mass and providing for the input of the renew-
able biomass at the level of 15–100 t/ha of green mass 
or 5.5–25.6 t/ha of dry mass annually, depending on the 
fertilizers. During the fi rst scything (the end of June – 
the beginning of August), their input is at the level of 
10.8–82.0 t/ha of green mass or 4.1–20.0 t/ha of dry 
mass. During the second scything (November), the 
fi gures are 4.5–18.0 and 1.4–5.6 t/ha respectively. The 
highest input was obtained from Silphium perfoliatum 
L., with the input of the vegetative mass of 53.8–82.0 
t/ha for the fi rst scything or 12.8–20.1 t/ha of dry mass 
during the fi rst scything, and 13.9–18.0 and 4.0–5.6 t/
ha during the second one respectively, depending on 
the fertilizers.

The optimal crop for energetic purposes is the one, 
containing more dry substance. According to our data, 
the estimated input of biogas from 1 kg of mass is in 
close correlation (r=1.0) with the content of dry sub-
stance in 1 kg of dry mass. Perennial cereal grasses 
during late harvesting contain the maximal amount of 
dry substance. In our experiment, the fi rst scything was 
conducted in the phase of cereal grasses ripening for 
seeds, the after-grass was collected in November, thus 
the content of dry substance was found to be maximal, 
ranging as 32.9–46.3 % and 32.2–52.1 % in the vegeta-
tive mass (Table 1). The non-traditional crops had the 
content of 18.4–36.7 % and 25.4–40.4 % respectively.

The chemical analysis revealed that the heat energy 
of organic dry mass in the vegetative mass of cereal 
grasses and non-traditional crops is at the level of 
17.82–18.52 Mjoule/kg and 17.31–18.03 Mjoule/kg 
(Table 2). The lowest amount of heat energy of organic 
dry substance – 17.31-17. 70 Mjoule/kg – regardless of 
the period of harvesting, was established for Silphium 
perfoliatum L., and the highest ones of 18.52 and 18.28 
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Table 1. The specifi cities of forming the vegetative mass of agricultural crops, t/ha, average for 2011–2015

Note: 1 – Control; 2  N30Р60К90; 3  N90+30Р60К90
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Sida hermaphrodita 
Rusby

LSD05

Silphium perfoliatum L.

LSD05

Galega orientalis L.

LSD05

Festuca arundinacea 
Schreb.

LSD05

Dactylis glomerata

НІР05

Phalaris arundinacea

НІР05

Phleum pratense

LSD05

Elytrigia repens

LSD05

Bromus inermis

LSD05

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

10.8
13.5
15.6

53.8
63.5
82.0

19.0
23.0
24.5

6.5
12.7
13.4

8.4
11.7
13.6

10.8
14.9
16.5

8.1
9.1
11.1

9.1
12.3
14.6

10.0
11.5
15.3

36.7
32.6
29.2

22.8
18.4
21.1

31.5
28.7
29.1

39.1
39.4
34.9

37.6
35.1
32.9

46.3
42.0
40.0

40.5
38.5
40.8

39.9
36.8
36.2

36.2
37.1
39.6

4.09
4.90
5.23
0.45
12.79
15.08
20.21
1.67
5.11
6.04
6.61

0.25

2.57
5.04
5.03
0.65

3.22
4.17
4.53

0.68

4.71
6.13
6.83
1.02
3.17
3.59
4.56
0.37
3.73
4.94
5.69
0.88
3.54
4.23
5.87
0.23

4.5
6.3
7.3

13.9
16.3
18.0

7.8
9.5
12.2

4.6
6.6
8.6

5.3
5.7
6.3

4.8
6.9
10.5

3.9
5.6
6.1

8.0
8.8
11.3

5.1
6.5
8.5

31.4
28.9
30.9

25.4
32.1
31.2

38.9
40.4
38.6

34.6
32.2
35.4

43.6
41.7
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52.1
47.6
49.4

50.5
49.2
49.8

45.4
44.8
44.4
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1.4
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5.6
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0.57
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4.9
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2.3
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0.46
2.8
3.0
4.6
0.43
3.2
3.5
4.7
0.34

15.3
19.8
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67.7
79.8
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26.8
32.5
36.7

11.2
19.4
22.0

13.6
17.3
19.9

15.6
21.8
27.0
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14.7
17.2

17.1
21.1
25.9

15.1
18.1
23.9

5.5
6.7
7.1

16.8
20.6
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9.8
9.7
10.4

4.6
7.4
8.3

5.1
6.7
7.0

7.6
9.6
11.7

5.4
6.6
8.7

6.5
8.0
10.3

6.7
7.8
10.6
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Mjoule/kg respectively – for Phleum pratense and El-
ytrigia repens. The estimated input of biogas via the 
heat energy of organic substance from the biomass of 
perennial cereal grasses after thrashing is from 0.870 
to 0.905 m3/kg, that of non-traditional perennial gras-

ses – 0.843–0.879 m3/kg. Thus, the estimated content 
of methane is almost a half from the abovementioned, 
namely 0.426–0.457 and 0.426–0.444 m3/kg.

In case of anaerobic fermentation, only 90–93 % of 
energy potential of substrates may be transformed into 

Table 2. The estimation of heat and methanogenic energy of perennial crops, on average in 2011–2015 in total 
for two scythings

Note: 1 – Control; 2 – N30Р60К90; 3 – N90+30Р60К90
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1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3
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0.872
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0.879

0.884
0.883
0.883
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0.905
0.884
0.891

0.884
0.875
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0.885
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0.444
0.440
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0.426

0.440
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0.426
0.446
0.444
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0.446
0.446
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0.446
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13.45
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13.47
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0.636
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0.635

0.641
0.640
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0.645
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0.653
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0.635
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0.642
0.645
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0.323
0.321
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the biogas energy, which is related to spending the 
energy to ensure the viability of microorganisms and 
performing the bioconversion of organic substances 
into biogas. In addition, it should be noted that lignin 
is not broken down by microorganisms thus it pass-
es into sludge. The average value of lignin content 
in the chemical composition of perennial grasses is 
11.8 % in 1 kg of dry substance, and that of less com-
mon ones – at the level of 3.12–3.78 %. Therefore, 
the estimated methanogenic energy Еm of 1 kg of dry 
substance of crops decreases by 3.296 Mjoule and is 
determined by the coeffi cient of lignifi cation, which, 
in our case, is 0.688–0.811 depending on the species 
of grasses.

Taking into consideration the coeffi cients of Cb 
(the decrease in the input of biogas, related to ensur-
ing the viability of microorganisms) and Cl (lignifi ca-
tion coeffi cient) the estimated methanogenic energy in 
1 kg of dry mass of these crops is from 12.78 to 13.91 
Mjoule/kg which is 72.3–75.3 % from the estimated 
heat energy. Therefore, the attainable input of biogas is: 
for cereal grasses − 0.631–0.662 m3/kg, methane (50 %) 
0.319–0.334 m3/kg, for non-traditional ones − 0.609–
0.641 m3/kg, methane (50 %) 0.309–0.324 m3/kg.
The coeffi cient of breakdown for biomass of crops cor-
responds to 0.72–0.73 %. The actual input of biogas 
from 1 kg of dry mass of crops is much lower than 
the attainable one due to lignin blocking the access of 
microorganisms and enzymes to the nutritional medi-
um, being for cereal grasses − 9.76–10.27 Mjoule/kg,
for non-traditional ones − 9.61–12.52 Mjoule/kg, which 
is 32–47 % less than the content of heat energy of or-
ganic dry substance. Thus, the actual input of biogas 
from 1 kg of organic dry substance is for cereal grasses 
− 0.465–0.489 m3/kg (0.237–0.245 m3/kg of methane), 
for non-traditional crops – 0.459–0.596 m3/kg (0.231–
0.301 m3/kg of methane). The highest actual amount of 
energy – 12.52 Mjoule/kg, the biogas input – 0.596 and 
that of methane – 0.301 m3/kg was noted for Galega 
orientalis L. with fertilization using N90+30Р60К90. Simi-
lar indices were lower for Silphium perfoliatum L. – 
9.61 Mjoule/kg, 0.458 and 0.231 m3/kg respectively. 
This is explained with different amounts of lignin in 
the chemical composition: it is 4.2–5.17 % for Galega 
orientalis L. and 10–11 % for Silphium perfoliatum L. 
The results of estimating the actual energy demonstrate 
that its share, which is transformed into the energy of 
biogas, is 53.0–68.1 % from the estimated heat energy 
and 72.94–93.21 % from the estimated methanogenic 
energy.

The complete evaluation of vegetative renewable 
sources using perennial grasses involved the estimation 
of their energy potential based on an area unit (1 ha). 
The evaluation of crops was conducted using the crite-
ria of their energy effi ciency and performance based on 
one hectare.

75 % from the total input of biomass may be used as 
material for processing perennial grasses into biogas in 
methane-tanks. The vegetative mass of high stem non-
traditional perennial fodder crops may be used com-
pletely.

Therefore, perennial cereal crops ensure the input 
of estimated energy out of one hectare, which is trans-
formed into biogas, in the total amount for two scyth-
ings per year, 30,039–77,236 Mjoule/kg (Table 3). 
Non-traditional perennial crops are capable of ensuring 
the average input of energy for two scythings per year 
at the level of 48,276–196,074 Mjoule/kg.

Perennial cereal crops ensure the actual input of bio-
gas from one hectare, total for two scythings per year, 
at the level of 1,430–3,679 m3/ha, methane − 722–
1,857 m3/ha. The following indices were registered 
for non-traditional crops: biogas – 2,299–9,337 m3/ha, 
methane – 1,161–4,715 m3/ha.

The highest input of heat energy, biogas, and meth-
ane, on average for fi ve years, in Polissia conditions is 
ensured by Phalaris arundinacea using the fertilization 
system N90+30Р60К90. For instance, the energy input for 
this crop is 77,236 Mjoule/kg, that of biogas − 3,678 
m3/ha, biomethane − 1,857 m3/ha. 

Among the non-traditional crops the maximal in-
put of energy in the amount of 196,074 Mjoule/kg 
and that of biogas – 9,337 m3/ha (that of methane – 
4,715 m3/ha), both in scythings and total for the year, 
was ensured by Silphium perfoliatum L. with the fer-
tilization using N90+30Р60К90. However, while selecting 
this crop, one should take into consideration that it 
has the lowest production effectiveness of cultiva-
tion among the presented crops due to high prices for 
seeds, the complexity of obtaining the robust grass 
during the fi rst year of life. Thus, while planning the 
fi elds for obtaining the vegetative mass using peren-
nial grasses, it would be wise to prefer cereal grasses, 
which compensate the expenses for their cultivation 
due to harvesting the seeds (as of 2015, the expenses 
for starting the grasses were UAH 9.5 thousand/ha, 
annual expenses to maintain the grasses were UAH 
1.2 thousand/ha, the cost of the main harvest of seeds 
was UAH 30–75 thousand/t).
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Taking into consideration the current situation with 
the amount of organic fertilizers, introduced into one 
hectare of ploughed soil (calculated per underlayer ma-
nure) of 0.5 t/ha, and the fact that in some cases only 
by-products are left in the fi eld or green manure crops 
are sown (in early 1990s 8–10 t/ha were introduced 
per one hectare of ploughed soil or crop rotation fi eld), 
there is a need to search for alternative organic fertiliz-
ers, which may be eluents (products of fermentation of 
methane tanks). To solve the problem of defi ciency of 
organic fertilizers and reduction in the energetic burden 
of technologies of growing agricultural crops in Polis-
sia, there was a study of agrochemical composition of 
the processed substrate.

It was established that during anaerobic fermentation, 
with the duration of biomass fermentation for ten days, 
the content of nitrogen in the remains was 0.49–2.58; 
that of phosphorus – 0.14–1.98, calcium – 0.38–2.64 %, 
depending on the crop. The increase in the content of ni-
trogen in the substrate by 55–45 %, regardless of a crop, 
was registered for fermentation for twenty days. There 
was no stable increase in the content of phosphorus and 
potassium in the remains in any crops. Therefore, when 
the processed substrate of crops is introduced, one ton 
of organic mass will enrich the soil with 4.9 to 48.9 kg 
of nitrogen, 1.4–6.7 kg of phosphorus, and 3.3–25 kg of 
potassium, which will add nutrients to the soil and im-
prove its aqueous and physical properties.

Table 3. The specifi c input of energy and biogas from one hectare while cultivating perennial crops, average for 2011–2015

Crop Fertilization 
variant

The input from one unit of area

actual heat energy, 
transformed into 

biogas, Ea, Mjoule
biogas Va, m

3 methane Va, m
3

Sida hermaphrodita Rusby

Silphium perfoliatum L.

Festuca arundinacea Schreb.

Dactylis glomerata

Phalaris arundinacea

Phleum pratense

Bromus inermis

Elytrigia repens

Galega orientalis L.

1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3

48276
58986
64357
127436
156447
196074
30039
48382
53349
32620
42853
45300
49330
63145
77236
35903
35903
57500
43277
50012
66961
41985
51926
66367
77771
78663
81136

2299
2809
3065
6068
7450
9337
1430
2304
2540
1574
2041
2157
2349
3007
3678
1710
2072
2738
2061
2382
3189
1999
2473
3160
3703
3746
3864

1161
1418
1548
3065
3762
4715
722
1163
1283
795
1031
1089
1186
1518
1857
863
1046
1383
1041
1203
1610
1010
1249
1596
1870
1892
1951

Note: 1 – Control; 2 – N30Р60К90; 3 – N90+30Р60К90
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CONCLUSIONS
The vegetative mass of seeds of perennial grasses

may be used as vegetative fi llers of methane tanks
in Polissia, as they are capable of providing the
vegetative mass at the level of 4.6–11.7 t/ha from
perennial cereal grasses and 5.5–25.8 t/ha from non-
traditional perennial crops, ensuring the corresponding 
input of biomethane of 722–1,857 m3/ha and 1,161–
4,715 m3/ha a year. The processed substrate from 
methane tanks was used as alternative organic fertil-
izer, which had high content of nutrients, including 
nitrogen 0.49–2.58; phosphorus – 0.14–1.98, cal-
cium – 0.38–2.64 %.

Альтернативні джерела вегетативної маси 
для біопалива в зоні Полісся

О. В. Вишневська

e-mail: oksanavish@ukr.net

Інститут сільського господарства Полісся НААН, 
Київське шоссе, 131, Житомир, Україна, 10007

Мета. Визначення оптимальних вегетативних біоресур-
сів у зоні Полісся для впровадження у вітчизняний 
зелений паливно-енергетичний комплекс. Методи. По-
льові, лабораторні, математичні. Результати. За ре-
зультатами досліджень проведено оцінку біосировини 
з врахуванням її біохімічних властивостей та техно-
логічності вирощування. Встановлено, що багаторічні 
культури здатні щорічно забезпечити надходження 
відновлюваної біомаси на рівні 4,6–11,7 т/га від злако-
вих трав і 5,5–25,8 т/га від нетрадиційних, відповідно 
вихід біометану – 722–1857 м3/га та 1161–4715 м3/га на 
рік. Визначено вміст корисних речовин переробленого 
субстрату: N – 0,49–2,58 %, P2О5 – 0,14–1,98 %, K2О – 
0,38–2,64 %. Висновки. Таким чином, в якості ве-
гетативних наповнювачів метантенків в зоні Полісся 
можна використовувати вегетативну масу насінників 
багаторічних трав поряд з іншими поновлюваними 
джерелами.

Ключові слова: багаторічні культури, вегетативні дже-
рела, відновлювана енергія, біогаз, продуктивність

Альтернативные источники вегетативной массы
для биотоплива в зоне Полесья

О. В. Вишневская

e-mail: oksanavish@ukr.net

Институт сельского хозяйства Полесья НААН, 
Киевское шоссе, 131, Житомир, Украина, 10007

Цели. Определение оптимальных вегетативных биоре-
сурсов в зоне Полесья для внедрения в отечественный 
зеленый топливно-энергетический комплекс. Методы. 
Полевые, лабораторные, математические. Результаты. 
По результатам исследований проведена оценка биосырья 
с учетом ее биохимических свойств и технологичности 
выращивания. Установлено, что многолетние культу-
ры способны ежегодно обеспечить поступление воз-
обновляемой биомассы на уровне 4,6–11,7 т/га от 
злаковых трав и 5,5–25,8 т/га от нетрадиционных, 
соответственно выход биометана 722–1857 м3/га и 
1161–4715 м3/га в год. Определено содержание полез-
ных веществ переработанного субстрата: N – 0,49–
2,58 %, P2О5 – 0,14-1,98 %, K2О – 0,38-2,64 %. Выводы. 
Таким образом, в качестве вегетативных наполнителей 
метантенков в зоне Полесья можно использовать ве-
гетативную массу семенников многолетних трав наряду 
с другими возобновляемыми источниками.

Ключевые слова: многолетние культуры, вегетативные 
источники, возобновляемая энергия, биогаз, продук-
тивность
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INTRODUCTION

Paris Climate Agreement, signed by 194 countries 
in December 2015, highlighted specifi cally the protec-
tion and enhancing the effi ciency of absorbents and ac-

cumulators of greenhouse gases (Article 5, c. 1) [1]. 
One of the main global reserves of carbon and effi cient 
absorbents of carbon dioxide from the atmosphere is 
soil. Global reserves of soil organic carbon in the two-
meter-deep layer are estimated as 2,400 Gt and the an-
nual emission of buried carbon – as 8.9 Gt [2]. Soil 
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Aim. The comparison of the effect of hydrothermal conditions and various agricultural practices on the emission of 
CO2 from chernozems in the Left-Bank Forest-Steppe of Ukraine. Methods. The dynamics of the intensity of carbon 
dioxide emissions from chernozem calcic (typical chernozem – in Ukrainian classifi cation) was studied during the 
growing season of 2011–2012. The observations were based on two fi eld experiments with various methods of soil till-
age (6–7 years from the beginning of the experiment) and fertilization systems (21–22 years from the beginning of the 
experiment). Particularly, plowing at 20–22 cm, disking at 10–12 cm, cultivation at 6–8 cm and direct seeding using 
Great Plains drill were studied among the soil tillage methods. Mineral system (N45P50K45), organic system (manure 
8 t/ha) and combined organic-mineral system (manure 8 t/ha + N45P50K45) were studied among fertilization systems. 
The intensity of CO2 fl ux was determined using the non-stationary respiratory chambers by the alkaline absorption 
method, with averaging of the results during the day and the frequency of once a month. Results. During the warm 
period, the emission of carbon dioxide from the soil changes dynamically depending on temperature and humidity. 
The maximum of emission coincides with the periods of warm summer showers in June-July, the minimum values are 
characteristic for the late autumn period. The total emission losses of carbon in chernozems over the vegetation period 
ranged from 480 to 910 kg/ha and varied depending on the methods of tillage ± (4.0–6.0) % and fertilization systems 
± (3.8–7.1) %. The changes in the intensity of CO2 emission from the soil under different methods of soil tillage are 
associated with hydrothermal regime and the depth of crop residues location. The biggest difference is observed im-
mediately after tillage, but in the spring period the differences are only 12–25 %, and after drying of the top layer of 
soil become even less. Direct seeding technology provides the greatest emission of CO2 from chernozem, which is fa-
cilitated by better water regime and more complete mineralization of plant residues on the soil surface. Annual losses 
of carbon are the least under disking of soil at 10–12 cm. The changes in the intensity of CO2 emission from the soil 
under different fertilization systems are associated with the involvement of the additional organic matter from plant 
residues and manure to the microbiological decomposition. The greatest emission was observed under the organic-
mineral fertilization system, which increased the loss of carbon by 7–8 % in comparison with the mineral system in 
the unfavorable hydrothermal year and by 11–15 % in the more favorable year. These differences are observed mainly 
during the fi rst half of the growing season when there is a clear tendency to increase the intensity of soil respiration. 
Conclusions. The hydrothermal conditions of the warm period of the year are decisive in the formation of the CO2 
emission fl ow from chernozems. Due to the improvement of agricultural practices, emissions might be reduced but 
not more that by 15 % of natural factor contribution.
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breathing is the second largest fl ow of carbon dioxide 
to the atmosphere, the fi rst one being the World ocean, 
thus, even insignifi cant changes in the intensity of this 
fl ow may lead to abrupt changes in CO2 concentra-
tion. According to the calculations of the international 
group of UNO experts on the issues of climate change, 
the total exhausts of carbon into atmosphere increased 
from 500 Gt in 1970 to about 700 Gt in 2011 due to 
economic land use [3]. Therefore, depending on the 
direction and conditions of use, soils may be both the 
source and reserve of CO2, thus, the objective inven-
tory of greenhouse gases within the framework of agro-
ecological monitoring of greenhouse gases, exhausted 
by agricultural lands, will ensure more accurate control 
over the circulation of carbon in agroecosystems and 
the decrease in the level of CO2 emission from them.

Some of the main measures, facilitating carbon se-
questration in soil, include forestation (about 0.6 t C/
ha per year), transforming into pastures (≈0.5 t С/ha 
per year), introduction of organic materials (≈0.6 t С/ha 
per year), covering of plant residues (≈0.35 t С/ha per 
year), minimization or refusal from tillage (≈0.3 t С/ha 
per year), crop rotations (≈0.2 t С/ha per year) [4]. At 
the same time, due to high spatial inhomogeneity of the 
content and reserves of organic carbon in the soil pro-
fi le as well as a wide range of indefi niteness of analytic 
methods of determining the weight fraction of C in soil, 
the objective estimation of changes in the carbon pool 
under the agricultural production is possible only for 
rather a large period of time [5–6]. This is the primary 
reason why there are different opinions of researchers 
regarding zero tillage [7].

On the other hand, the monitoring of the intensity of 
CO2 fl ux allows estimating the effect of different as-
pects of anthropogenic activity on the impairment of 
the balance between the terrestrial reservoirs of carbon 
and atmosphere for a short period of time. Both station-
ary respiration chambers and equipment, and movable 
devices of different constructions, principles of action 
and producers are successfully used for this purpose. 
In this respect, it is especially relevant to have the al-
gorithm of building a series of observations in time, 
which could neutralize or consider the daily dynam-
ics of CO2 emission from soil, closely related to the 
dynamics of microbiological activity [8]. In addition, 
to obtain the representative data, it is also important 
to consider the processes of gas exchange, spatial in-
homogeneity of soils, etc. [9–10]. The processes of 
carbon dioxide formation in soil and those of gas ex-
change with atmospheric air depend on the type of soil, 

its physical and chemical properties and hydrothermal 
conditions [11]. The latter are decisive in forming the 
daily and seasonal dynamics of CO2 emission by soil 
as well as such specifi c manifestations as, for instance, 
the Birch effect – a rapid increase in the fl ux of carbon 
dioxide after the wetting of dry soil [12], or vice ver-
sa – the increase in carbon sequestration in soil due to 
the processes of particle aggregation at the expense of 
the frequency in wetting-drying cycles [13].

Therefore, the quantitative estimation of the volumes 
of carbon dioxide emission from soil at the introduc-
tion of different agrarian measures or at different direc-
tions (scenarios) of land use may be an effi cient instru-
ment of controlling and managing carbon sequestration 
in soil. At the same time, the method of these obser-
vations needs improving and possibly standardization 
due to strongly expressed dynamics of CO2 emission 
from soil. The aim of this work is to compare the rel-
evance of the effect of the natural agent – hydrother-
mal conditions, and different agrarian measures on CO2 
production from the soil with the consideration of the 
temporal dynamics of their changes.

MATERIALS AND METHODS

The studies were conducted in two permanent fi eld 
experiments on typical chernozem, located within 
Kharkiv upland territory of the Left-Bank Forest-
Steppe of Ukraine. The observation of СО2 emission 
for different methods of soil tillage was done at the in-
person division of the Agriculture chair of the Kharkiv 
National Agrarian University named after V.V. Do-
kuchaev at typical heavy-loamy chernozem with the 
following parameters of the arable layer (0–30 cm): 
humus according to Turin – 4.9–5.1 %, total nitrogen – 
0.25 %, forms of mobile phosphorus and potassium ac-
cording to Chirikov – 100 mg/kg and 150 mg/kg of soil 
respectively. Four different methods of the main soil 
tillage were selected for study in the four-fi eld grain-
growing and weeding crop rotation, namely: 

• plowing with a plough PLN-4-35 at 20–22 cm;
• disking with a disk DMT-4 at 10–12 cm;
• pre-sowing cultivation using the cultivator KPE-3.8

at 6–8 cm;
• direct seeding using Great Plains drill (Great Bri-
tain) (without the main soil tillage).

The experiment was started in 2005. The area of ex-
perimental plots was 400 sq.m., their location in the 
experiment was consecutive, with three repeats.
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The observation of CO2 emission at different fertiliza-
tion systems was done using a permanent experiment in 
agroecological monitoring at the territory of the State 
enterprise “The Experimental Station of Hrakivske” 
(Chuhuiv district of Kharkiv region). The soil was typi-
cal medium-humus heavy-loamy chernozem of forest 
layers. The arable layer of the soil contains: humus ac-
cording to Turin 5.6–5.8 %, easily hydrolyzed nitro-
gen – 120–140 mg/kg of soil, forms of mobile phos-
phorus and potassium according to Chirikov – 80–100 
and 90–110 mg/kg of soil respectively.

The emission of CO2 was studied in the following 
experimental variants: 

• control (no fertilizers); 
• mineral system (N45P50K45);
• organic system (humus, 8 t/ha);
• organic-mineral system (humus, 8 t/ha + N45P50K45).
The location of plots in the experiment was block-

wise randomized, with three repeats. The experiment 
has been conducted since 1990. The rotation of crops 
was as follows: fallow, winter wheat, sugar beet, vetch, 
oats, winter wheat, corn for silo, barley with alfalfa, 
alfalfa, winter wheat, corn for silos, sunfl ower. Min-
eral fertilizers were scattered in the form of ammonia 
nitrate, granulated superphosphate, potassium chloride 
and potassium magnesia.

The average daily emission of CO2 from the soil sur-
face was studied according to Karpachevsky method in 
each experiment during the vegetation period (April-
October) of 2011–2012. The carbon dioxide fi xation 
was conducted in non-stationary non-ventilated respi-
ration chambers using a solution of 0.2 n NaOH at the 
exposure for 20 min with further titering in fi eld condi-
tions [14]. The measurements were conducted 5 times 
during the day with further averaging of the results. 
The measurements of the intensity of carbon dioxide 
emission were conducted along with the determination 
of soil temperature at the depth of 10 cm using Savinov 
thermometer and soil humidity by the thermostatic and 
gravimetric method according to the regulatory docu-
ment DSTU ISO 11465.

RESULTS AND DISCUSSION

Soil tillage is one of the most relevant kinds of human 
activity in terms of the impact on the course of process-
es of organic matter mineralization and the formation 
and emission of carbon dioxide. The decrease in humus 
content in soil is observed for at least 100 years after 
the start of chernozem tillage [15]. On the other hand, 

the preservation of dense fallow with no mechanic till-
age of soil stabilizes humus condition, promoting hu-
mus formation and sequestration of carbon [16]. As per 
V. V. Medvedev, on the one hand, combined tillage of 
soil, which prevailed in recent 20–30 years in Ukraine, 
promoted higher humifi cation of organic fertilizers 
due to their deep introduction, while on the other, it 
increased the loss of organic matter due to excessively 
frequent tillage and long time in aerated condition [17]. 
At the same time, a contrary tendency was observed in 
a number of cases [16, 18]. The complexity of obtain-
ing a single answer to the question about the direction 
and intensity of the impact of soil tillage on carbon cir-
culation and soil breathing as its integral constituent 
is related to additional effects after the introduction of 
zero tillage, namely: the difference between the initial 

Fig. 1. The intensity of CO2 emission from soil for different 
methods of tillage, 2011–2012

Fig. 2. The seasonal dynamics of the humidity of the cherno-
zem arable layer for different methods of tillage, 2011
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period and long implementation of no-tillage techno-
logy, considerable differentiation of the upper 20-cm 
soil layer by the content of organic carbon, biological 
activity, non-homogeneous hydrothermal regime and 
gas exchange depending on the degree of being cov-
ered with plant remains, etc. [19, 20].

At the beginning of investigations, in spring 2011 we 
observed an insignifi cant difference in breathing inten-
sity between experimental variants (Fig. 1). 

In summer, the concentration of CO2 in the air is 
the highest over the densest plot with direct seeding, 
as the diffusion of gases occurs much slower than on 
the plowed plot. Joint observations of temperature and 
humidity of the soil demonstrated that the latter is the 
decisive factor in the jump-like increase in soil breath-
ing after summer showers (Fig. 2). 

The vegetation period of 2012 was drier and hot-
ter than the previous one. In April the average daily 
air temperature exceeded the perennial indices almost 
twice, and in the following months – by 25–40 %. There 
was almost no precipitation in April (1.1 mm), in May 
the amount of precipitation was 55 % from the norm, 
in June – 70 %, in July – 35 %. In these conditions the 
impact of direct seeding technology on the emission of 
CO2 from typical chernozem was manifested in even a 
more expressed way, especially at the beginning and at 
the end of the vegetation period (Fig. 1).

The increase in the carbon dioxide emission in case 
of direct seeding is a consequence of the fact that plant 
residues are located in the surface layer of soil which, 
in combination with the improvement in moisture sup-
ply for this layer, results in their higher mineralization. 
On the other hand, in case of systematic plowing, there 
is an observed decrease in the content of mobile organ-
ic matter in the arable layer of soil compared to the sur-
face tillage and direct seeding. Therefore, the intensity 

of CO2 emission from the soil surface is greatly deter-
mined by humidity and temperature of soil, which may 
be regulated by the main tillage of soil to some degree.

As primarily the soil breathing depends on the 
amount of organic matter, accessible for microbiologi-
cal destruction, and the conditions of its decomposi-
tion, the use of fertilizers, related to the involvement 
of additional energetic material, has a direct impact on 
CO2 emission. This is evidently demonstrated in the ex-
periment of observing the dynamics of CO2 emission at 
different systems of fertilization, started in 1989. Prior 
to the beginning of our observations, the total active 
substance of introduced mineral fertilizers was N945-

1890P880-1760K765-1530 and 170 t/ha of humus which had a 
positive effect on the ratio of organic matter and car-
bon circulation. The averaged results of measurements 
demonstrate that, compared to the control with no fertil-
izers, the potential capability of soil for the production 
of CO2 at long-standing use of the mineral system of 
fertilization tends to decrease, while at the organic and 
organic-mineral system it somewhat increases (Fig. 3). 
In our opinion, it occurs due to more intense mineral-
ization of humus compounds in soil in case of the min-
eral system of fertilization, due to which the amount 
of organic matter, easily accessible for decomposition, 
gradually decreases. On the contrary, the introduction 
of additional energetic material in the form of organic 
fertilizers promotes the increase in the carbon dioxide 
fl ow from the soil.

During the warm season of 2011 the fl uctuations in 
the intensity of carbon dioxide emission from soil into 
the atmosphere were about one mathematical order: 
from 2.0–2.6 kg/ha per hour after intensive showers in 
June and 0.3–0.4 kg/ha per hour in the driest period at 
the end of July – at the beginning of August. Compared 
to this range, the changes, caused by the improve-
ment in the nutrition regime of soil in the experimen-
tal variants with different systems of fertilization are 
rather weak – in the range of 0.1–0.6 kg/ha per hour. 
In 2012 the difference in the intensity of soil breathing 
for different systems of fertilization was even higher 
(in the range of 0.2–0.3 kg/ha per hour) which is 26 
% from the range of seasonal fl uctuations of this in-
dex, with higher indices for the organic-mineral sys-
tem compared to others. Therefore, the organic-mineral 
system promotes higher emission and the mineral sys-
tem – lower emission. However, compared to seasonal 
changes in CO2 emission, these differences are much 
less signifi cant, manifested mostly during the fi rst half 

Fig. 3. The intensity of CO2 emission from soil at different 
methods of tillage, 2011–2012
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of the vegetation period, when there is a clear tendency 
towards the increase in the intensity of soil breathing 
via enhanced microbiological activity.

According to the data of observations, we calculated 
immediate losses of carbon due to soil breathing which 
demonstrate that the direct seeding technology pro-
moted enhanced fl ow of carbon dioxide (Table 1). In 
our opinion, the main reason lies in the fact that plant 
residues remained on the surface of soil and the min-
eralization processes prevailed due to the thinness of 
the mulch layer. Covering plant residues with soil in 
case of surface tillage decreased the access of oxygen 
to them and slowed mineralization down. This effect is 
preserved for plowing as well, but the decrease in the 
mineralization of plant residues occurs simultaneously 
with the increase in the mineralization of the organic 
matter of soil. Thus, plowing is inferior to surface ways 
of soil tillage by the amount of carbon emission loss.

In the experiment with different fertilization systems 
the total amount of carbon emission losses for the or-
ganic-mineral system of fertilization was 11.7 % higher 
than the control, and 15 % higher than the mineral sys-
tem of fertilization (Table 2). In our opinion, the reason 
lies in the improvement of the nutrient regime for soil, 
which results in more intense carbon circulation. In ad-
dition, the decrease in the potential capability of soil to 
produce CO2 in case of the mineral system of fertiliza-
tion is related to the decrease in the amount of acces-
sible organic matter in soil.

It is noteworthy that the total volume of carbon loss-
es for the vegetation period of 2012 was much smaller 
compared to the previous year which, in our opinion, is 
related to drier conditions: the amount of precipitation 
for April 2012 was 1.1 mm against 53.9 mm in 2011, 
for June – 48.3 mm against 194.6 mm in 2011, for Sep-
tember – 7 mm against 16.2 mm in 2011. The difference 
in carbon loss between specifi c years of observations 
demonstrates that hydrothermal conditions of a warm 
season are decisive in the formation of the emission 
fl ux of CO2 from chernozem. The improvement of 
the agricultural practice could decrease the emission 
to some extent, but, compared to the contribution of 
natural factors, it would not exceed 15 % from the total 
amount of soil carbon loss.

CONCLUSIONS

The intensity of carbon dioxide emission from soil 
and its dynamics during the vegetation period consid-
erably depend on hydrothermal conditions which are 

a decisive factor in the formation of the emission fl ow 
of CO2. The maximum of CO2 emission from typical 
chernozem in the conditions of the Left-Bank Forest-
Steppe of Ukraine occurs in June-July and coincides 
with the periods of warm summer showers, the mini-
mal values are remarkable for late autumn period.

The methods of soil tillage impact the intensity of 
CO2 emission from soil due to the change in tempera-
ture and water regime and the depth of covering af-
ter-harvest residues. Carbon losses for the vegetative 
period were found to be the highest for direct seeding 
technology, amounting to 525–701 kg/ha per year. 

Long-standing application of different systems of 
fertilization has a considerable impact on the intensi-
ty of carbon dioxide emission from soil. The highest 
emission is observed for the organic-mineral system of 
fertilization which promotes the increase in the carbon 
emission losses compared to the mineral system and 
the background with no fertilizers by 7–8 % in the year, 
unfavorable in the hydrothermal regime, and by 11–
15 % – in a more favorable year.

Динаміка емісії СО2 з чорноземів 
при сільськогосподарському використанні

М. М. Мірошниченко, О. П. Сябрук

Table 1. The carbon emission loss from soil for different 
methods of the main tillage

The methods 
of soil tillage

Carbon emission losses for the 
vegetation period, kg/ha

2011 2012

Plowing
Disking
Cultivation
Direct seeding

651
622
670
701

502
497
485
525

Table 2. The carbon emission loss from soil for different 
methods of different systems of fertilization

The systems 
of fertilization

Carbon emission losses for the 
vegetation period, kg/ha

2011 2012

No fertilizers
Mineral 
Organic
Organic-mineral

813
789
837
909

482
492
502
521
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Мета. порівняння впливу гідротермічних умов та агро-
заходів на продукування СО2 з чорноземів Лівобереж-
ного Лісостепу України. Методи. Досліджено динаміку
інтенсивності виділення вуглекислого газу з чорноземів 
типових за вегетаційний період 2011–2012 рр. Спос-
тереження проводили на тривалих польових дослідах 
з різних способів обробітку ґрунту (6–7 рік з початку 
досліду) та систем удобрення (21–22 роки з початку 
досліду). Серед способів обробітку вивчали оранку 
на 20–22 см, дискування на 10–12 см, культивацію на 
6–8 см та прямий посів сівалкою Great plains, серед 
систем удобрення – мінеральну (N45P50K45), органічну 
(гній 8 т/га) та органо-мінеральну систему (гній 8 т/га 
+ N45P50K45). Інтенсивність виділення СО2 визначали 
у нестаціонарних респіраційних камерах за методом 
лужної абсорбції, з усередненням результатів впродовж 
доби та періодичністю раз на місяць. Результати. 
Встановлено, що протягом теплого періоду року ви-
ділення вуглекислого газу з ґрунту динамічно змінюється 
залежно від температури та вологості ґрунту. Макси-
мум емісії припадає на червень–липень та співпадає 
з періодами теплих літніх злив, мінімальні значення 
притаманні пізньоосінньому періоду. Загальні емісійні 
втрати вуглецю чорноземами типовими Лівобережного 
Лісостепу України за вегетаційний період складають 
480–910 кг/га та варіюють залежно від способів обро-
бітку ґрунту ±(4,0–6,0) % і систем удобрення ± (3,8–
7,1) %. Зміни інтенсивності виділення СО2 з ґрунту за 
різних способів обробітку пов’язані із зміною гідро-
термічного режиму та глибиною заорювання поживних 
решток. Найбільша різниця спостерігається одразу після 
обробітку, у весняний період, відмінності складають 
лише 12–25 %, а після висушування верхнього шару 
ґрунту є ще меншими. За сумарними обсягами емісії 
СО2 з чорнозему типового серед способів обробітку 
переважає технологія прямого посіву, чому сприяє 
кращий водний режим та більш повна мінералізація 
рослинних решток на поверхні ґрунту. За дискування 
на глибину 10–12 см річні втрати вуглецю найменші. 
Зміни інтенсивності виділення СО2 з ґрунту за різ-
них систем удобрення пов’язані із залученням до 
мікробіологічного розкладу додаткової органічної речо-
вини рослинних решток та гною. Найбільша емісія 
спостерігається за органо-мінеральної системи удоб-
рення, яка сприяє збільшенню емісійних втрат вуглецю 
порівняно із мінеральною системою та неудобреним 
фоном на 7–8 % у несприятливий за гідротермічним 
режимом рік та на 11–15 % − у більш сприятливий рік. Ці 
розбіжності проявляються переважно протягом першої 
половини вегетаційного періоду, коли спостерігається 

чітка тенденція до збільшення інтенсивності дихання 
ґрунту. Висновки. Гідротермічні умови теплого пе-
ріоду року є вирішальними у формуванні емісійного 
потоку СО2 з чорнозему. За рахунок удосконалення 
сільськогосподарської практики можна дещо знизити 
емісію, але порівняно із внеском природних чинників 
це не буде перевищувати 15 % від річного обсягу втрат 
ґрунтового вуглецю.

Ключові слова: ґрунти, чорноземи, емісія СО2, обро-
біток ґрунту, системи удобрення.
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Цель. сравнение влияния гидротермических условий 
и различных агроприемов на продуцирование СО2 
из черноземов Левобережной Лесостепи Украины. 
Методы. Исследована динамика интенсивности выде-
ления углекислого газа из черноземов типичных за 
вегетационный период 2011–2012 гг. Наблюдения про-
водили на длительных полевых опытах с различными 
способами обработки почвы (6–7 лет с начала опыта) 
и системами удобрения (21–22 года с начала опыта). 
Среди способов обработки изучали вспашку на 20–
22 см, дискование на 10–12 см, культивацию на 6–8 см 
и прямой посев сеялкой Great plains, а среди систем 
удобрения – минеральную (N45P50K45), органическую 
(навоз 8 т/га) и органо-минеральную систему (навоз 
8 т/га + N45P50K45). Интенсивность выделения СО2 
определяли в нестационарных респирационных каме-
рах методом щелочной абсорбции, с усреднением ре-
зультатов в течение суток и периодичностью раз в 
месяц. Результаты. Установлено, что в течение теплого 
периода года выделение углекислого газа из почвы 
динамично изменяется в зависимости от температуры 
и влажности почвы. Максимум эмиссии приходится на 
июнь–июль и совпадает с периодами теплых летних 
ливней, минимальные значения характерны для поздне-
осеннего периода. Общие эмиссионные потери угле-
рода черноземами типичными тяжелосуглинистыми 
Левобережной Лесостепи Украины за вегетационный 
период колебались в пределах от 480 до 910 кг/га и 
варьировали в зависимости от способов обработки 
почвы ±(4,0–6,0) % и систем удобрения ± (3,8–
7,1) %. Изменения интенсивности выделения СО2 из 
почвы при различных способах обработки связана с 
изменением гидротермического режима и глубиной 
запахивания пожнивных остатков. Самая большая раз-
ница наблюдается сразу после обработки, в весенний 



49

DYNAMICS OF СО2 EMISSION FROM CHERNOZEMS UNDER AGRICULTURAL USE

AGRICULTURAL SCIENCE AND PRACTICE   Vol. 4   No. 3   2017

период различия составляют лишь 12–25 %, а после 
высушивания верхнего слоя почвы становятся еще 
меньше. По суммарным объемам эмиссии СО2 из 
чернозема типичного среди способов основной обра-
ботки преобладает технология прямого посева, чему 
способствует лучший водный режим и более полная 
минерализация растительных остатков на поверхности 
почвы. При дисковании на глубину 10–12 см годовые 
потери углерода наименьшие. Изменения интенсив-
ности выделения СО2 из почвы при различных систе-
мах удобрения связаны с вовлечением в микробио-
логическое разложение дополнительного органического 
вещества растительных остатков и навоза. Наибольшая 
эмиссия наблюдается при органо-минеральной систе-
ме удобрения, которая способствует увеличению эмис-
сионных потерь углерода по сравнению с минеральной 
системой и неудобренным фоном на 7–8 % в неблаго-
приятный по гидротермическому режиму год и на 
11–15 % – в более благоприятный год. Эти различия 
проявляются преимущественно в течение первой 
половины вегетационного периода, когда наблюдается 
четкая тенденция к увеличению интенсивности дыхания 
почвы. Выводы. Гидротермические условия теплого 
периода года являются решающими в формировании 
эмиссионного потока СО2 из чернозема. За счет совер-
шенствования сельскохозяйственной практики можно
несколько снизить эмиссию, но по сравнению с вкладом 
природных факторов это не будет превышать 15 % от 
годового объема потерь почвенного углерода.

Ключевые слова: почвы, черноземы, эмиссия СО2, об-
работка почвы, системы  удобрения.
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INTRODUCTION

The relevance of biological (organic) agriculture 
in the conditions of a stable tendency to the climate 
change which has been rather sharp in the recent de-
cade in the territory of the central part of the Forest-

Steppe of Ukraine, conditioned both by global process-
es and current industrial processes, aimed at fi ghting 
the consequences rather than preventing their negative 
manifestation, is rather evident [1]. The idea of organic 
agriculture has emerged as a natural and adequate reac-
tion of agricultural production on rapid and active in-
crease in chemical pressing on the agriculture [2]. The 
concept of organic production proves that it is much 
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more complicated to achieve the main aim than to 
maintain formal conditions, required for certifi cation of 
the production of organic products, as the certifi cation 
does not guarantee any harmonization and does not 
regulate the anthropogenic burden on agroecosystems 
in general [3]. The main point is to provide the neces-
sary conditions of plant nutrition along with restoration 
of chernozem fertility, which is rather complicated in 
the absence of animal breeding and seeding perennial 
grasses, that is related to the complexity of maintaining 
the positive balance of humus, nitrogen and phospho-
rus. However, there is an urgent issue of elaborating 
such technological means of organic production which 
would allow using the by-products and the saturation 
of crop rotations with legumes up to 30–40 % to ensure 
obtaining of organically pure products with simulta-
neous restoration of fertility and, as a result, to provide 
for the restoration of the natural model of agrogenesis 
of chernozems in the central part of the Forest-Steppe 
of Ukraine [4].

In general, the Forest-Steppe zone is ranked se-
cond in Ukraine by the level of anthropogenic burden 
on natural ecosystems [5]. The diversity of soil and 
ecological conditions is the reason for the versatility 
of lands by their productive capability and hence – for 
different agronomic suitability for organic agriculture. 
Therefore, a structure of soil cover, whose components 
are characterized by specifi c parameters of suitability 
at the level of their kinds, is used to zone Ukraine by 
the suitability for organic agriculture. The territory of 
studies may be related to the group of lands, suitable 
for organic agriculture, where high medium-perennial 
productive capability of soils is ensured (70–100 points 
depending on the agricultural crop).

The aim of the studies was to conduct complex ag-
rophysical, physical-chemical substantiation of the 
effi ciency of the organic fertilization system in terms 
of nitrogen balance and organic carbon in the agroeco-
system of a fi ve-fi eld grain-growing and weeding crop 
rotation fi lled with cereals and legumes up to 40 % and 
the use of by-products for fertility restoration and im-
provement of the agrogenesis of regraded chernozem 
in the central part of the Forest-Steppe of Ukraine.

MATERIALS AND METHODS

The studies were conducted in the fi eld permanent 
experiment of the Cherkasy State Agricultural Experi-
mental Station of the National Scientifi c Center “In-
stitute of Agriculture”, NAAS of Ukraine, established 
in 2010. The soil was regraded chernozem (podzolic 

chernozem) [6], which was low-humus, medium-clay 
on carbonate mole-plowing forest layer. The content of 
humus in the arable layer was 2.76–3.03 according to 
Turin, the amount of absorbed alkali – 24.5–28.1 mg-
eq. per 100 g of soil, the hydrolytic acidity – 1.99–2.19 
mg-eq./100 g of soil, pH of the salt extract – 5.56–6.31. 
The degree of saturation with alkali was 92.8–93.3 %, 
the content of mobile forms of phosphorus (according 
to Truog) – 9 mg per 100 g of soil, exchange potas-
sium (according to Brovkina) – 12 mg per 100 g of 
soil. The physical features of soil are characterized by 
the following indices: relative weight of solid phase – 
2.57–2.62 g/cc, structure density – 1.24–1.30 g/cc, total 
cleavability of humus horizon – 50–53 % [7].

The experiment studied the fi ve-fi eld grain-growing 
and weeding crop rotation consisting of peas – winter 
wheat – corn – soy – spring barley. The main require-
ment to the organic crop rotation was its saturation with 
legumes of over 30 %. The saturation of the presented 
crop rotation with legumes was 40 %. 

The organic system of fertilization: without the intro-
duction of mineral fertilizers and the use of by-products 
of the predecessor as a fertilizer – 13–14 t/ha, and 24–
25 t/ha considering the root mass. The intense system 
of fertilization: green peas – N30P30K30, winter wheat 
– N60P60K60 + N30, soy – N60P60K60, corn – N60P70K60 + 
N20, spring barley – N60P60K60 + N25 at the introduction 
of 14–15 t/ha of by-products as organic fertilizers, and 
26–27 t/ha considering the root mass. The grain for 
seeding was treated with nitrogen-fi xing, phosphorus-
mobilizing biological preparations for variants of the 
experiment. 

To determine the changes in physical, chemical, and 
agrophysical indices while studying the humus and 
agrophysical conditions, mixed samples were selected 
10 cm apart from different land plots following the 
schemes of experiments according to DSTU 7030:2009 
(GSTU 46.001-96). The granulometric composition 
was defi ned according to N. A. Kachynsky (DSTU 
4730:2007), the structure density – by the method of 
cutting rings in the modifi cation of N.A. Kachynsky 
(DSTU ISO 11272:2001); the structural-aggregate 
composition – by the sieve method in the modifi ca-
tion of N.I. Savinov (DSTU 4744:2007), рНKCI – by 
the potentiometric method (DSTU ISO 10390:2007); 
the hydrolytic acidity – according to G. Kappen in the 
modifi cation of CINAO (GOST 26212-91); the total of 
absorbed alkali – by the method of Kappen-Hilkovits 
(GOST 27821-88). The content of total humus was 
determined according to I.V. Turin in the modifi cation 
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of M.V. Simakov (DSTU 4289:2004). The calculation 
method was used to determine : dispersion factor (DF) 
according to N.A.  Kachynsky;  th e degr ee of aggrega-
tion  (Ка) according to  Baver. The results of fi eld stud-
ies were statistically processed by the dispersion analy-
sis method using statistical programs of Statistica-8.

RESULTS OF INVESTIGATIONS
The combined studies of granulometric and microag-

gregate composition allows defi ning the potential capa-
bility of chernozem to structuring under the impact of 
different systems of fertilization. It was determined that 
the least level of dispersion was in the variant where 
soil was used for fallow; it was 7.01 % in the soil layer 
of 0–20 cm, and 5.6 % – in the 30–40 cm layer, which 
is characterized as excellent microaggregation of soil 
mass of chernozem. Out of tilled soils, the soil, which 
was better microaggregated by the dispersion fac-
tor (FD), was in the variant with the application of the 
organic system of fertilization, amounting to 7.3 and 
7.1 % by soil layers, respectively (Table 1). 

The application of the intense system of fertilization, 
using mineral fertilizers mainly, was less favorable 
for the maintenance of microaggregates of regraded 
chernozem. For instance, FD in the upper 10–20 cm 
layer was 13.4, and in the lower 30–40 cm layer – 10 

(Table 1). In case of the organic system of fertilization, 
92.7 % of silt was involved into microaggregates, the 
fraction of fi ne dust was involved into microaggregates 
for 76.7 %, the fraction of medium-sized dust – only 
for 44.7 % (Fig. 1). 

Under the intense system of fertilization, the silt was 
involved for 86.6 %, fi ne and medium-sized dust – for 
76.3–54.1 % respectively. Many years of using regrad-
ed chernozem as fallow promoted the improvement of 
aggregation of different mechanic elements into struc-
tural units, here the silt fraction was involved for 93 %, 
fi ne dust – for 87.1 %, medium-sized dust – for 65.8 %. 
The results of analyses of the lower (30–40 cm) layer 
of the humus horizon of regraded chernozem demon-
strate the tendency to better microstructuring of tilled 
soils both under the system of organic fertilization, and 
the mineral one, especially when fractions of fi ne and 
medium-sized dust are involved (Fig. 2). This soil layer 
was practically not touched by soil-tilling devices, only 
by root systems instead, so in some respect it is a con-
server for fresh involved organic substances and the 
active action of microorganisms and soil mesofauna, 
notable for natural lands. 

The study of the structural composition of regraded 
chernozem demonstrated that the application of or-

Table 1. The granulometric and microaggregate composition and potential capability to structuring regraded chernozem 
under different systems of fertilization in case of their long-term application

* The data of granulometric analysis; ** the data of microaggregate analysis.
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ganic system of fertilization for 7 years had a positive 
effect on the structural composition. The content of 
lumpy aggregates with the size, exceeding 10 mm, was 
12.7 %, the dispersed fraction under 0.25 cm was at the 
level of 15.6 %, and the content of agronomically valu-
able aggregates – 71.7 %. When these fractions were 
analyzed in fi ner detail, the highest amount was regis-
tered for a so called grain fraction with the size of 5–3 
mm – 9.95 %; 3–2 mm – 8.75 % and fi ne grain fraction 
of 2–1 mm – 19.5 %. The most valuable fractions in 
terms of absorption and preservation of soil moisture 
and size were most resistant to erosion and defl ation 
processes and amounted to the total of 38.2 %. 

The application of the intense system with the in-
troduction of mineral fertilizers resulted in the forma-
tion of a lumpy fraction – 52 %. The content of the 
dispersed fraction was considerably small – 4.37 %, 
thus the content of agronomically valuable aggregates 
was 43.6 %. The analysis of the content of agronomi-
cally valuable fractions demonstrated that larger frac-
tions with the size of 10–7 cm prevailed, amounting to 
10.7 %; those of 7–5 cm – 7.09 and 5–3 cm – 9.10 %. 

The redistribution of agronomically valuable struc-
tural specifi cities within the range of agronomically 
valuable interval under different systems of fertilization 
demonstrates that long-term application of the organic 
system of fertilization simulates the natural process of 
soil formation and changes towards the preservation of 
the fallow (Fig. 3).

The best structuring was noted for the upper 0–20 
cm layer of regraded chernozem under perennial fal-
low. The samples of this soil had practically no frac-
tions over 1 mm. The dispersed fraction under 0.25 mm 
was 12.9 %, and the content of agronomically valuable 
aggregates was 86.7 %, estimated as a wonderful struc-
tured condition. Here the highest content was noted for 
grain fractions: 5–3 mm – 14 %; 3–2 mm – 16.8 % and 
2–1 mm – 26.3 %.

The estimation of the structural composition of re-
graded chernozem under different systems of fertil-
ization demonstrates a considerable increase in the 
content of a lumpy fraction under the intense system 
of fertilization, though its percentage decreases con-
siderably with depth. As for the organic system of 
fertilization, with depth the content of dust decreases 
considerably from 15.6 % in a 0–10 cm layer to 6.67–
4.02 % in lower layers of chernozem. The content of 
agronomically valuable structural specifi cities under 
dry seeding according to the scale of P.U. Bakhtin and 
N.I. Savinov (1966) was good under the organic sys-

Fig. 1. The degree of involvement (%) of mechanic elements 
into microaggregates under different systems of fertilization 
of regraded chernozem in the soil layer of 10–20 cm (1 – or-
ganic system; 2 – intense system; 3 – fallow)

Fig. 2. The degree of involvement of mechanic elements into 
microaggregates under different systems of fertilization of 
regraded chernozem in the soil layer of 30–40 cm (1 – or-
ganic system; 2 – intense system; 3 – fallow)

Fig. 3. The long-term impact of different systems of fertiliza-
tion on the redistribution of structural aggregates in the 0–20 
cm layer of regraded chernozem
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tem of fertilization: 60–80 %, and under the intense 
system of fertilization: satisfactory (0–20 cm), and in 
lower ones (30–40 cm) – good. In the conditions of a 
fallow, the structuring of chernozem was high in the 
investigated horizon of chernozem which was in the 
range of 83.9–89.3 %, characterized as a great status 
(Table 2).

The investigation of the density of regraded cher-
nozem composition after the application of different 
systems of fertilization for 7 years demonstrated that 
its values in the tilled soil layer were not beyond the 
optimal range and amounted to 1.19–1.21 g/cc for the 
organic system of fertilization, and under the intense 
system of fertilization the density range was wider – 
1.18–1.31 g/cc. Under the fallow, the density was ho-

mogeneous and increased with depth from 1.09 g/cc in 
the upper 0–20 cm layer till 1.19 g/cc in the 30–70 cm 
soil layer (Table 3). 

Long-term application of the organic system of fer-
tilization promoted the increase in the level of total 
cleavability up till 54–55 %, and the ratio of the vol-
ume of cleaves, occupied by moisture, to the volume 
of cleaves with air in the 0–20 cm layer of chernozem 
was from 0.81 to 1, which is 1.32 times higher com-
pared to the intense system of fertilization and related 
to qualitative changes in the structural condition due 
to the increase in the content of agronomically valu-
able aggregates and the most valuable structural units, 
sized 2–5 mm. The value of total cleavability in the 
30–40 cm soil layer increased under the organic sys-

Table 2. The structural composition of regraded chernozem under long-term application of different systems of fertilization 

Soil layer, cm
Number of dry aggregates, size, mm; content, %

Cstr Estimation
> 10 10–0.25 < 0.25

The intense system of fertilization:
0–20
30–40

50.9
26.6

45.2
69.2

4.00
4.20

0.83
2.25

Satisfactory
Good

The organic system of fertilization:
0–20
30–40

17.1
13.5

71.8
82.5

11.1
4.02

2.53
4.71

Good
Excellent

Fallow
0–20
30–40

1.00
9.21

88.0
83.9

11.0
6.90

7.43
5.21

Excellent
Excellent

НІР0.95 (0–20 cm)
НІР0.95 (30–40 cm)

9.0
10.0

5.0
–

–
–

–
–

Depth, cm Density of 
structure, g/cc

Total cleavability, 
vol. %

Volume of cleaves, vol.%:
The ratio, A to B

with moisture A with air В

The intense system of fertilization:
0–20
30–40

1.25
1.25

53.0
53.0

20.0
23.0

33.0
26.0

0.61 to 1
0.88 to 1

The organic system of fertilization:
0–20
30–40

1.19
1.20

55.0
54.0

25.0
24.0

31.0
30.0

0.81 to 1
0.80 to 1

Fallow
0–20
30–40
НІР0.95

1.11
1.19
0.03

58.0
55.0
2.0

23.0
23.0

–

35.0
32.0

–

0.64 to 1
0.72 to 1

–

Table 3. The long-term impact of fertilization systems on the agrophysical condition of regraded low-humus medium-clay 
chernozem
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tem of fertilization towards the maintenance of fallow, 
and the ratio of the categories of cleaves with moisture 
and air was in the range of 0.80–0.88 to 1. According 
to N.A. Kachynsky, the estimation of total cleavability 
under the intense system of fertilization was satisfac-
tory, while the systematic application of the organic 
system of fertilization approximated the level of total 
cleavability to the cultural state.

The improvement of agrophysical properties of re-
graded chernozem under the organic system of fertil-
ization is related to the increase in the number of warms 
in the layer of humus horizon of 0–20 cm: their number 
increases 1.65–1.8 times compared to the intense sys-
tem of fertilization, which increases the tillage of the 
processed chernozem layer by 15–25 %, the increase in 
total cleavability and the increase in microaggregation 
similar to the maintenance of fallow.

In recent agricultural practice, the investigation of 
solidness is conducted to characterize the rheological 
state and quality of some kinds of soil tillage as well as 
diagnostics of agrophysical degradation of soils.

The determination of the solidness of the tilled lay-
er (0–30 cm) of regraded chernozem was conducted 
along with the density of its structure (Table 4). The 

solidness under the intense system of fertilization was 
considerably higher compared to the organic system of 
fertilization which correlates (R=0.67–0.75±0.02) with 
the density of structure, lumpiness, and connectivity of 
chernozem.

The increase in microaggregation, the restoration of 
structural state, qualitative change in cleaved environ-
ment under the organic system of fertilization are relat-
ed to the improvement of humus and physical-chemical 
state of regraded chernozem (Table 5).

For instance, the exchange acidity (рН(l)) in the soil 
layer of 0–20 cm increased by 112 %, or by 0.63 units 
of рН, which is remarkable for under-arable horizons 
as well: ∆ рН(l)=+0.95 regarding the intense system of 
fertilization. The value of the hydrolytic acidity under 
the organic system of fertilization decreased 1.38–1.65 
times which resulted in the increase in the sum of ab-
sorbed alkali by 1.0–2.8 mg-eq per 100 g of soil.

The application of the organic system of fertilization 
for 7 years promotes the improvement of the humus 
condition of regraded chernozem. For instance, the 
content of humus in the 0–20 cm layer of chernozem 
increased by 0.31 %, in the 30–40 cm soil layer – by 
0.07 % which affected the reserves of humus that in-

Table 4. The solidness of regraded chernozem depending on fertilization systems under long-term application

The system of 
fertilization

Depth, cm; kg/sq.cm.

5 10 15 20 25 30

Intense
Organic

±
НІР0.95

23.5
9.8

–13.7
10.0

25.7
11.5

–14.2
8.0

23.4
13.0
–10.4
7.0

31.2
11.9

–19.3
10.0

17.3
11.5
–5.8
5.0

13.0
10.0
–3.0
3.0

Table 5. The humus and physical-chemical state of regraded chernozem depending on fertilization systems under long-term 
application

Performance, cm Reserves of humus, (tons/ha) рН(ксl)

Hydrolytic acidity (Нr) The total of absorbed alkali
Mg-eq/100 g

*The intense system of fertilization:
0–20
30–40
0–40

63.0
28.0
116

5.48
5.80
5.66

2.56
1.87
2.15

27.4
28.0
27.4

The organic system of fertilization:
0–20
30–40
0–40
НІР0.95

75.0
26.0
131
13.0

6.11
6.75
6.39
0.05

1.85
1.13
1.55
0.58

30.2
29.0
29.4
1.5
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creased by 12 and 2 t/ha regarding the intense system 
of fertilization. Generally, the content of humus in the 
humus horizon (0–40 cm) increased by 0.15 % which 
impacted the humus reserves that increased by 15 t/ha. 
Under the organic system of fertilization, the content of 
labile humus increased both in the 0–20 cm chernozem 
layer and in the humus horizon in general: the increase 
regarding the intense system of fertilization was 1.19–
1.21 times (Fig. 4).

The improvement of agrophysical, physical-chemical 
properties and humus condition of regraded chernozem 

and the manifestation of agroecosystem performance 
at the level of strong immediate dependence correlates 
with the parameters of nitrogen balance, Corg and the 
intensity of nitrogen-carbon circulation [8–12]. It was 
established that regardless of the system of fertiliza-
tion, the nitrogen balance was positive, but the surplus 
of nitrogen balance under the organic system of fer-
tilization was 1.78 times less and the balance intensi-
ty – by 9–10 % smaller compared to the intense system 
of fertilization.

A strong immediate correlation (R=+0.85±0.03) was 
found between the performance of agroecosystem and 
the capacity of nitrogen balance: under the organic sys-
tem of fertilization the capacity of balance was 1.26 
smaller compared to the intense system of fertilization 
(Table 6). The consideration of the intensity of the ni-
trogen cycle is related to the increase in the terrestrial 
carbon content which is caused by the increased СО2 
content in the atmosphere and the intensifi cation of 
mineralization processes in soil, which results in ter-
restrial accumulation of available mineral nitrogen, 
stimulating the performance of agroecosystems and in-
tensifying the productivity of photosynthesis [13, 14]. 
In case of a suffi cient level of the mentioned processes 
the need for atmospheric carbon in plant aggregations 

Fig. 4. The effect of different systems of fertilization of the 
content of humus and its qualitative composition

Table 6. The indices of performance and balance parameters for nitrogen, organic carbon and CO2 under the application of 
different systems of fertilization in 2016–2010

*f.u. – feed units; f.p.u. – feed protein units.

*Performance
f.u.

f.p.u.
tons/ha
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The intense system of fertilization:

6.75
6.45

+80.0 125 745 +0.49 125 4.15 –6.0 88.0 95.0

The organic system of fertilization:

5.51
5.35

+45.0 115 590 +0.53 135 3.85 +1.35 105 80.0

НІР0.95

1.05
0.95

+25.0 7.0 90.0 +0.05 8.0 0.25 – 10.0 12.0w
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starts exceeding the emission of carbon in soil, while 
terrestrial eco- and agroecosystems get transformed 
into systems – accumulators of atmospheric organic 
matter, i.e. the carbon-climate interaction becomes an 
inverse correlation model [15, 16]. As a rule, climate 
warming leads to the decrease in СО2 depositing in 
agroecosystems which is related to the increase in the 
intensity of both productive and destructive processes: 
the rate of organic matter decomposition in soil is en-
hanced, soil breathing is intensifi ed which results in the 
increase in the sensitivity of performance of different 
plant aggregations to soil humidity and air temperature. 
In case of excessive manifestation of the abovemen-
tioned processes, the intensity of soil breathing starts 
exceeding the rate of atmospheric СО2 accumulation by 
plants, and agroecosystems transform into the sources 
of emission of carbon dioxide and nitrous oxide into 
the atmosphere [17, 18].

The application of the organic system of fertilization 
affected the circulation parameters for Corg which tend-
ed to increase, the surplus was 109 % higher which re-
sulted in the increase in the balance intensity by 10–15 
% but at the background of the 1.07–1.1-fold decrease 
in the capacity of balance compared to the intense sys-
tem of fertilization. The estimation of the circulation 
parameter for CO2 in the agroecosystem demonstrated 
that CO2 balance under the organic system of fertiliza-
tion was positive but the balance capacity for CO2 was 
10 tons smaller compared to the intense system of fer-
tilization which testifi ed to the stock nature of Corg and 
CO2 in agroecosystems under the organic system of fer-
tilization. Under the organic system of fertilization, the 
ratio of Corg to N in the agroecosystem was from 27–30 
to 1, whereas under the intense system it was from 22–
23 to 1. In the former case, there is prevalence of the 
processes of reserving Corg in soil, and those of humus 
accumulation, and in the latter – the increase in humus 
mineralization. Taking into consideration the state of 
parameters for nitrogen balance, Corg and CO2 there is 
an explanation of the decrease in the performance for 
the fi ve-fi eld grain-growing and weeding crop rotation 
with the yield of f.u. and f.p.u.: the decrease in the yield 
was 1.24 and 1.1 t/ha respectively.

The dynamics of the yield for winter wheat and spring 
barley (Fig. 5) demonstrated that the performance of 
grain changed towards the increase regardless of the 
fertilization system. The average performance of win-
ter wheat under the intense system of fertilization was 
5.11 t/ha which was 0.36 t/ha higher than the yield un-
der the organic system of fertilization.

The average performance of spring barley under the 
intense system of fertilization was at the level of 4.59 t/
ha which was 0.78 t/ha higher than the yield under the 
organic system of fertilization. The trends of changes 
in the performance of winter wheat and spring barley 
under the organic system of fertilization are sharper 
compared to the intense system of fertilization: regres-
sion coeffi cients for the variable x (t/ha) in the former 
case are 2.43 and 1.96 times higher compared to the 
latter case of fertilization which testifi es to ф more in-
tense increase in the performance of cereals under the 
organic system of fertilization. 

The dynamics of protein content, regardless of the 
fertilization system, was increasing and the average 
value of the content under the organic system was 
12.83 against 13.63 % under the intense system of fer-
tilization. There were similar changes in the content 
of gluten with the average content of 25.69 against 
27.07 % according to the systems of fertilization. The 
trends of changes in the content of protein and gluten 
under the organic system of fertilization were sharper 
compared to the intense system of fertilization: the re-
gression coeffi cients were 1.53–1.56 times higher for 
the variable x (%). The application of the organic sys-
tem of fertilization promotes the increase in the grain 
yield of winter wheat by 0.051 t/ha with simultaneous 
increase in the content of protein and gluten by 0.033–

Fig. 5. The dynamics of the yield of winter wheat and spring 
barley depending on the fertilization system in 2011–2017
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Fig. 6. The dynamics of the grain quality of winter wheat (A) and spring barley (B) depending on the fertilization system in 
2011–2017 

Fig. 7. The clusterization of fertilization systems under short grain growing and weeding crop rotation in the years of studies: 
index (i) – intense system; (or) – organic system of fertilization



59

AGROGENESIS OF REGRADED CHERNOZEM AND THE PERFORMANCE OF GRAIN CROPS

AGRICULTURAL SCIENCE AND PRACTICE   Vol. 4   No. 3   2017

0.034 % per year. Under the organic system of fertiliza-
tion, the average content of protein in a grain of barley 
was 11.99 %, and under the intense system – 12.54 %. 
The dynamics of a trend under the organic system of 
fertilization was increasing, whereas there was a de-
creasing trend under the intense fertilization system. 
In the fi rst case the increase in protein content was 
0.0012 % and in the second one – 0.007 % per year 
(Fig. 6).

The conducted clusterization of fertilization systems 
by the parameters of the structure of total phytomass, 
the components of nitrogen, carbon and CO2 circula-
tion (a total of 42 parameters) demonstrated that the 
organic system of fertilization formed a cluster by the 
years of observations at the level of 20 %. Under the in-
tense system of fertilization there is the following clus-
terization by the years of performance manifestation: 
2012–2014, 2016 at the level of 18 %, and 2011, 2015, 
2017 – at the level of 40 % similarity which testifi es to 
a reliable difference between the systems of fertiliza-
tion and the completion of the biologization period of 
soil conditions or a transient period after the end of ap-
plication of the intense system of fertilization (Fig. 7).

CONCLUSIONS

The complex agrophysical, physical-chemical sub-
stantiation and balance estimations proved the increas-
ing effi ciency of the organic fertilization system in the 
agroecosystem of fi ve-fi eld grain-growing and weed-
ing crop rotation with the saturation using cereals and 
legumes up to 40 % and the use of by-products for fer-
tility restoration and improvement of the agrogenesis 
of regraded chernozem in the central part of the Forest-
Steppe of Ukraine as a basis for organic production.

The systematic application of the organic system of 
fertilization in a short grain-growing and weeding crop 
rotation with the use of by-products as organic fertiliz-
ers promotes the increase in the points of exchange neu-
trality and the decrease in the unsaturation of regraded 
chernozem with the alkali of the tilled layer, while the 
increase in microaggregation and structure-building is 
conditioned by the approximation of potential acidity 
to the isoelectric state of soil colloids which is a feature 
of the process of biologization and simulation of natu-
ral soil formation in agroecosystems of the central part 
of the Forest-Steppe of Ukraine.

Under the organic fertilization system the decrease 
in the agroecosystem performance is related to the de-
crease in the capacity of nitrogen and organic carbon 
balance which testifi es to the decrease in the intensity 

of its circulation in agroecosystem: the processes of 
enhancing the humifi cation of by-products and the for-
mation of prohumus substances prevail, accompanied 
with the intensifi cation of atmospheric CO2 involve-
ment in the formation of the total phytomass of the har-
vest, which transforms the agroecosystem into a stock 
system, which serves as a basic system for organic pro-
duction of plant cultivation.

The elaborated system of organic fertilization of 
crops in a fi ve-fi eld grain-growing and weeding crop 
rotation allows avoiding the use of organic fertilizers 
and perennial grasses and using by-products of plant 
cultivation instead to saturate the crop rotation with le-
gumes up to 30–40 %, it allows ensuring the production 
of organically pure products with simultaneous restora-
tion of fertility and restoration of the natural model of 
the chernozem agrogenesis of the central part of the 
Forest-Steppe of Ukraine.

The systematic application of the organic system of 
fertilization for 7 years allows adjusting the condition 
of regraded chernozem to the state of fertility restora-
tion, the completion of the biologization period of soil 
conditions, which is confi rmed by the increasing trends 
for the yield and quality of the production, the rapid-
ness of increase which prevails over the tempos of the 
increase in the yield trends and grain quality under the 
intense system of fertilization.
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Ціль. Провести комплексне агрофізичне, фізико-хіміч-
не, за балансом азоту, органічного вуглецю обґрунту-
вання ефективності органічної системи удобрення в
агроценозі 5-пільної зерно-просапної сівозміни з наси-
ченням зерно-бобовими культурами до 40% і викорис-
тання побічної продукції на відтворення родючості та 
посилення агрогенезу чорнозему реградованого цент-
ральної частини Лісостепу України. Методи. Лабора-
торно-аналітичний, експериментально-польовий, розра-
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хунковий, статистичний. Результати. Систематичне за-
стосування органічної системи удобрення в коротко-
ротаційній зерно-просапній сівозміні з використанням 
побічної продукції у якості органічних добрив сприяє 
підвищенню точок обмінної нейтральності і зниженню 
ненасиченості основами оброблюваного шару чорнозе-
му реградованого, а посилення мікроагрегування та 
оструктурення зумовлено наближенням потенційної кис-
лотності до ізоелектричного стану ґрунтових колоїдів, 
що є ознакою процесу біологізації та моделюванням 
природного ґрунтоутворення в агроценозах центральної 
частини Лісостепу України. За органічної системи 
удобрення зниження продуктивності агроценозу пов’я-
зано зі зменшенням ємності балансу азоту, що свідчить 
про зниження інтенсивності його обігу в агроценозі: 
переважають процеси посилення гуміфікації побічної 
продукції та утворення прогумусових речовин, які 
супроводжуються інтенсифікацією залучення СО2 ат-
мосфери до формування загальної фітомаси урожаю, а 
агроценоз перетворюється на стокову систему, яку можна 
охарактеризувати як базова система для органічного 
виробництва продукції рослинництва. Висновки. Роз-
роблена система органічної удобрення культур в 5-
пільній зерно-просапній сівозміні дає можливість, не 
застосовуючи органічних добрив і багаторічних трав, 
а використовуючи побічну продукцію рослинництва з 
насичення сівозміни бобовими культурами до 30–
40 %, застосовуючи азотфіксуючі та фосфатмобілізуючі 
препарати, забезпечити виробництво органічно чистої 
продукції з одночасним відтворенням родючості і 
відтворенням природної моделі агрогенезу чорнозему 
центральної частини Лісостепу України.

Ключові слова: мікроагрегати, щільність будови, 
гумус, баланс, органічний вуглець, сівозміна, побічна 
продукція, кормові і зернопротеїнові одиниці.
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Цель. Провести комплексное агрофизическое, физико-
химическое, по балансу азота, органического углерода 
обоснование эффективности органической системы удо-
брения в агроценозах 5-польного зернопропашного сево-

оборота с насыщением зернобобовыми культурами 
до 40 % и использовании побочной продукции на 
воспроизводство плодородия и усиления агрогенеза 
чернозема реградированного центральной части Лесо-
степи Украины. Методы. Лабораторно-аналитический, 
экспериментально-полевой, расчетный, статистический. 
Результаты. Систематическое применение органичес-
кой системы удобрения в короткоротационном зерно-
пропашном севообороте с использованием побочной 
продукции в качестве органических удобрений спо-
собствует повышению точек обменной нейтральности 
и снижению ненасыщенности основаниями обраба-
тываемого слоя чернозема реградированного, а усиле-
ние микроагрегирования и оструктуренности обуслов-
лено приближением потенциальной кислотности к изо-
электрической точке состояния почвенных коллоидов, 
что является признаком процесса биологизации и
моделированием природного почвообразования в агро-
ценозах центральной Лесостепи Украины. При орг-
нической системе удобрения снижение производитель-
ности агроценоза связано с уменьшением емкости 
баланса азота, что свидетельствует о снижении интен-
сивности его оборота в агроценозе: преобладают про-
цессы усиления гумификации побочной продукции и 
образования прогумусовых веществ, сопровождаю-
щихся интенсификацией привлечения СО2 атмосферы 
к формированию общей фитомассы урожая, а агроценоз 
превращается в стоковую систему, которую можно 
охарактеризовать как базовая система для органичес-
кого производства продукции растениеводства. Выводы. 
Разработанная система органического удобрения куль-
тур в 5-польном зернопропашном севообороте дает 
возможность, не применяя органических удобрений и 
многолетних трав, а используя побочную продукцию 
растениеводства при насыщении севооборота бобовыми 
культурами до 30–40 % и применяя азотфиксирующие 
и фосфатмобилизирующих препараты, обеспечить про-
изводство органически чистой продукции с одновре-
менным воспроизводством плодородия и естественной 
модели агрогенеза чернозема центральной части Лесо-
степи Украины.

Ключевые слова: микроагрегаты, плотность сложения, 
гумус, баланс, органический углерод, севооборот, по-
бочная продукция, кормовые и зернопротеиновые еди-
ницы.
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Modern organizational forms of animal breeding 
production are limited by regulatory mechanisms of
anthropogenic character or there is simplifi ed applica-
tion of specifi c algorithms of agroecosystem function-
ing which impairs integral understanding of the place 
and role of each component. As the environment 
of animals is a complex multi-faceted system, the 
determination and selection of parameters to estimate 
the interactions between organisms and the environment 

requires understanding of the mechanisms of these 
interactions. In the course of its activity, animal breeding 
has constant interaction with the environment, thus 
affecting the formation of its status, and the negative 
impact is mainly manifested via excessive use of 
natural resources or the emission of different pollutants 
into the environmental objects [1, 2].

It is believed that the animal breeding is the factor, 
directly forming the problem of global warming due 
to the greenhouse gas emissions which lead to a series 
of negative changes both in ecological and economic 
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fi elds, as it requires fast adaptation of living orga-
nisms and economic activity to new external natural 
conditions.

The indirect participation of animal breeding in 
greenhouse gas emissions is manifested via the 
involvement of additional raw materials and energy 
resources for animal breeding production: additional 
use of fossil fuels, extraction of timber in the forests to 
have more fi elds for pastures, cultivation of agricultural 
crops for fodder, impact of farms on soil cover and 
the lowest atmospheric layer on the adjacent territory, 
which also infl uences the microclimate formation in 
this territory and promotes ecological problems, related 
to the temperature increase on the Earth [2–15].

THE SPECIFICITIES OF INTERACTION

Along with other kinds of anthropogenic activity, the 
process of animal breeding production is an integral 
constituent of the formation of global climatic conditions; 
in its turn, the vital activity of kept animals and the 
functioning of the industry depends on weather-and cli-
mate conditions of the environment considerably (Fig. 1).

As seen in Fig. 1, the activity of animal breeding, 
including different elements of technology during 

the animal breeding production, as well as animals, 
which are kept, may create negative processes that 
are involved in the formation of weather-and-climate 
conditions of the region. This impact is mainly 
manifested via direct emissions of greenhouse gases 
(GG) as well as other gases which are the source of 
secondary formation of GG (nitrogen compounds) both 
from the animals directly, and from all the stages of the 
process of disposing organic wastes of animals.

In their turn, weather-and-climate conditions are 
relevant for keeping the animals, they affect both the 
vital functions of animals and the activity of the farm 
in general, namely, growth, development, well-being 
and performance of animals, the formation of the diet 
of animals (summer and winter diets are considerably 
different in traditional technologies of keeping 
animals, and thus affect the composition of products 
and wastes), the conditions of keeping wastes, etc. In 
addition, the weather-and-climate conditions create 
an indirect effect on animals as these conditions are a 
required component while cultivating agricultural crops 
for fodder; the performance and quality of cultivated 
fodder depend on climatic conditions considerably 
[16–21].

Fig. 1. The scheme of interaction between animal breeding and climatic environmental conditions
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Climatic and weather factors, affecting the organism 
of animals, include air temperature, pressure, 
humidity as well as vegetative cover, which defi nes 
the quantitative and qualitative composition of fodder 

[17, 18]. First and foremost, the deviation of climatic 
conditions from optimal ones leads to the change in 
energy exchange, consumption and use of fodder and 
thus to the change in the performance of animals [20].

Fig. 2. The scheme of greenhouse gas emissions from animal breeding
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Thus, the optimization of the conditions of keeping 
animals should consider the environmental conditions 
– temperature, humidity, air fl ow velocity, radiative 
energy, precipitation and individual qualities of animals 
– species, status of metabolism, hair cover, age, gender, 
acclimatization, fodder consumption, nervous system 
disorders, morbidity and individual variation [21].

THE CONTRIBUTION OF ANIMAL BREEDING 
INDUSTRY TO GREENHOUSE GAS EMISSIONS 

AT THE GLOBAL, NATIONAL AND 
FARM LEVELS

One of the most dangerous ecology and climate-
related moments in animal breeding production is 
greenhouse gas emission. It is believed [6, 22, 23] 
that three main GG are emitted into the atmosphere in 
the process of keeping animals and animal breeding 
production: methane (СН4), nitrogen oxide (N2O) and 
carbon dioxide (CO2) (Fig. 2).

The main reason of the GG formation and its emission 
into the atmosphere due to animal breeding is the fact 
that the whole technological process of animal breeding 
production is accompanied with the use and formation 
of organic matter, the decomposition of which both 
in aerobic and anaerobic conditions involves GG 
emissions. Also, methane is produced due to enteric 
fermentation, as a side product of microorganisms 
digesting carbohydrates in fodder. This process mainly 
occurs in the organism of ruminants and is related to 
the specifi cities of their digestive system. Here the 
amount of methane emissions depends on the gross 
amount of the energy, consumed by the animal, i.e. 
the energy, which is spent by animals to maintain the 
processes of vital activity, growth and development, 
physical activity, bearing offspring, lactation, tractive 
force, walking while grazing, growing wool, etc., 
consumption of this energy (digestibility of the 
consumed fodder).

According to the estimates of FAO, the total volume 
of GG emissions from animal breeding in the world 
amounts to 7.1 Ht in CO2-equiv. per year, which is 
14.5 % of all the anthropogenic emissions, here CO2 
emissions amount to 2 Ht or 5 % of all the anthropogenic 
emissions, CH4 – 3.1 Ht in CO2 equiv. (44 %), N2O – 
2 Ht in CO2-equiv. (53 %) [2]. It is evident that the 
animal breeding is liable for over a half of global 
emissions of nitrogen oxide which is rather harmful for 
environment. The hazard of this gas lies in the fact that 
it has high potential of global warming – it is almost 
300 times more intense than CO2, and it also promotes 
the destruction of stratospheric ozone.

The highest share in the structure of GG, emitted 
by animal breeding, is that of methane ~ 44 %, 
nitrogen oxide ~ 29 %, carbon dioxide ~ 27 % [2]. 
The distribution of GG emissions in terms of animal 
breeding products is demonstrated in Fig. 3 and 4.

Fig. 3. The distribution of greenhouse gas emissions in terms 
of animal breeding products in the world, % 

Fig. 4. The distribution of greenhouse gas emissions in terms 
of animal breeding products in EU, % 
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While estimating the life cycles of animal breeding 
production, including the categories of land use and 
change of land use, it was established by international 
researchers in 27 EU member-states using CAPRI 
method that the highest share of emissions in the 
structure of animal breeding production is that of be-
ef – 29 % (191 mln t of CO2-equiv.) and milk of catt-
le – 29 % (193 mln t CO2-equiv.), the emissions for 
pig breeding are 25 % (165 mln t СО2-equiv.), the rest 
being that (111 mln t СО2-equiv.) of poultry breeding – 
11 % and milk and meat of sheep and goats – 6% [24].

At the same time the carbon footprint (emissions of 
GG in СО2-equiv. while producing a unit of respective 
production) for the production of different kinds of 
products is as follows: 22 kg of CO2-equiv./kg of beef, 
20 kg of СО2-equiv./kg of meat of sheep and goats, 
7.5 kg of СО2-equiv./kg of pork, 5 kg of СО2-equiv./kg 
of poultry meat, 3 kg of CO2-equiv./kg of eggs, 3 kg of 
CO2-equiv./kg of milk of sheep and goats and 1.4 kg of 
CO2-equiv./kg of milk of cattle. The production of milk 
of cattle has the lowest carbon footprint [24].

While producing the animal breeding products the 
highest share of GG emissions is that of beef – 41 %, 
followed by milk of cattle – 20 %, pork – 9 %, meat of 
buffalo – 8 %, chicken and eggs – 8 %, meat and milk 

of sheep and goats – 6 %, the rest – the products of 
other kinds of poultry breeding and production of non-
food products. Here the intensity of emissions per one 
unit of fi nished products is as follows: for beef – almost 
300 kg of CO2-equiv. per one kilo of obtained protein, 
meat of sheep and goats – 165 kg of CO2-equiv., milk 
of sheep and goats – 112 kg of CO2-equiv., milk of 
cows, chicken and pork – under 100 kg of CO2-equiv. 
per one kilogram of protein.

Cattle farming is the most dangerous branch of 
animal breeding in terms of changes of climatic 
processes. According to international studies, cattle 
is responsible for over 60 % of GG emissions in the 
animal breeding sector. Here the emissions of GG 
during the cattle production are divided as follows: 
45 % – while producing fodder, including land use; 
39 % – intestinal fermentation; 10 % – storing and 
processing of manure, the rest – processing and 
transportation of products.

The emissions of GG due to animal breeding in 
Ukraine may be traced using the data of the National 
inventory which demonstrates the data of the conducted 
inventory of GG emissions for different kinds of 
anthropogenic activity. Compared to the basic year 
of 1990, the emissions of GG due to animal breeding 
decreased considerably, which is related to the reduction 
in the number of animals. In 2013 the emission of 
methane due to intestinal fermentation of animals 
was 10,727.10 thousand tons of CO2-equiv., methane 
from manure – 1,282.26 thousand tons of CO2-equiv., 
nitrogen oxide from manure – 1,271.71 thousand tons 
of CO2-equiv., which amounted to a total of almost 4 % 
of all the emissions for all the categories and over 40 % 
in the structure of agriculture of Ukraine (Fig. 5). These 
estimates do not take into consideration the share of 
animal breeding in the category of emissions from 
agricultural fi elds – pastures, where manure remains 
after animals have grazed, and tilled fi elds, where 
manure is introduced as an organic fertilizer [23].

The estimated emissions of GG using the average 
coeffi cients [22] and statistical data as of November 
01, 2016 demonstrate that in Ukraine the highest share 
of emissions is that of cattle farming – about 84 %, 
whereas in the structure of conditional livestock, the 
cattle farming takes 32.4 %, pig breeding – 8 % of 
GG emissions and 21.9 % in conditional livestock, 
sheep and goat breeding – 3 % and 1.5 % respectively, 
poultry breeding – 5 % and 44 % respectively (Fig. 6). 
Compared to 2013, the structure of methane emission 
almost did not change: over 84 % was attributed to 

Fig. 5. The structure of greenhouse gas emissions in Ukraine 
in the Agriculture category
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cattle farming, almost 12 % – pig breeding, the rest – 
by other branches

According to our estimates, GG emissions in the 
natural weight per one conditional head are as follows: 
cattle – 2.08 t/head/year, pigs – 0.28 t/head/year, sheep 
and goats – 1.44 t/head/year, poultry – 0.09 t/head/year.

The development of animal breeding in the world 
mainly occurs due to the intensifi cation of this industry. 
However, traditional ways of managing animal breeding 
and the private sector are also a factor. The application 
of different ways of breeding and technologies of 
keeping animals have a different impact on the level of 
environment pollution in general, and on GG emissions 
in particular.

The analysis and estimation of greenhouse gas 
emissions from specifi c farms were conducted by us 
based on our own calculations, using relevant methods 
[22] and initial data of the investigated farms of different 
agroecological zones of Poltava and Ternopil regions 
(Tables 1, 2, 3). The farms, typical in technologies of 
managing their activity, specialized in milk and pork 
production, were selected for the investigation. Taking 
into consideration a complex of factors, which may 
infl uence the intensity of GG emissions, we determined 
the coeffi cients of these emissions from separate pig 
farms, where different technologies of pork production 
are applied. It is unreasonable to consider the impact 
of each factor separately as they interact in a complex 
(Table 1).

Our estimation of total GG emissions for different 
technologies of pork production demonstrated that 
the coeffi cients of these emissions (i.e. per one head 
a year) are quite different for each farm and depend 
considerably on individual specifi cities of these 
farms (Table 1). As the emission of methane due to 

intestinal fermentation of pigs is insignifi cant, the 
main GG emissions were from the systems of manure 
storing. Here the amount of accumulated manure, its 
composition and the processes of decomposition in it, 
accompanied with the emission of methane, nitrogen 
oxide and other compounds which are a secondary 
reason of greenhouse gas formation, depended on many 
factors, the most signifi cant among them being the way 
of storing the wastes – dry or liquid form or a fl uid.

It was established that GG emission coeffi cients are 
higher compared to farms, which practice the use of 
water to remove the wastes and keep them in a liquid 
form. Methane is produced more intensely in anaerobic 
conditions. However, there is a decrease in the intensity 

Fig. 6. The structure of greenhouse gas emissions from the 
main species of animals in Ukraine as of November 01, 2016

Table 1. The coeffi cients of greenhouse gas emissions for different technologies of pig breeding production, kg/head/year

Name of pig farm The method 
of keeping wastes

Coeffi cients of greenhouse gas 
emissions

Natural 
weigh

СО2-
equivalent

Average global 
warming 
potential 

of emitted gases

State enterprise research farm (AERF) “Stepne”
AERF named after Dekabristy
Limited liability company (LLC) “Medobory” 
Agrocompany
Private agricultural enterprise (PAE) Agroprodservice

dry/liquid
dry
dry

anaerobic cesspools

7.67
2.14
1.97

26.78

231.01
103.16
84.12

635.35

30.1
48.2
42.7

23.7
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of the formation of nitrogen oxide which absorbs 
infrared radiation much better and thus has more 
impact on global processes of warming – it has a high 
global warming potential (GWP). Our calculations 
determined the average GWP for two GG, emitted from 
pig farms. It was established that it was the highest for 
dry storing of wastes and for higher content of protein 
in the given fodder (AERF named after Dekabristy), 
and it was the lowest for the removal of wastes using 
water and keeping them in anaerobic cesspools (PAE 
Agroprodservice).

Therefore, the intensity of GG emissions at the level 
of a specifi c farm depends considerably on individual 
economic-technological specifi cities of the farm, which 
combines different links of the technological process 
of production as well as the level of application in the 
industrial process of methods and recommendations 
which allow increasing the production with optimal use 
of ecological resources. The distinguishing criteria for 
GG production during animal breeding production are 
as follows:  species, age and gender-related group and 
number of animals; method and duration of keeping 
animals; amount of given fodder and its composition for 
each category of kept animals; the level of digestibility 
of given fodder, which depends both on the nutrition 
value of the fodder and on the ability of the organism 
of animals to digest it; performance of animals and 
intensity of enhancing economically useful features; 
amount of accumulated wastes at the enterprise for the 
investigated period of time and the presence of non-

digested consumption products in it; way and term of 
keeping wastes; external temperature regime.

One of the main factors of forming global climate 
changes is the pollution of atmospheric air with the 
emissions from cattle as the main source of methane 
emission, which is mainly formed due to intestinal 
fermentation, while emissions from the manure of 
cattle are much less considerable. A negative moment 
may also be found in the fact that the emission of 
methane due to intestinal fermentation is practically 
not subject to any regulation, contrary to the emissions 
of methane from manure masses (where it could be 
caught, if desired, as manure is mostly kept in one 
place in large quantities, except for the manure, left 
on the pastures).

Taking into consideration a complex of factors, 
which may infl uence the intensity of GG emissions, 
we determined the coeffi cients of these emissions from 
cows in separate farms, where different technologies 
of milk production are applied. It is unreasonable to 
consider the impact of each factor separately as they 
interact in a complex (Tables 2, 3). 

The total emissions of GG (even with the con-
sideration of all the factors, some of which increase 
and some decrease the intensity of emissions) are still 
the highest in the farms with a greater number of kept 
cows both in the natural weight and in CO2-equiva-
lent. Thus, it is more reasonable to characterize the 
intensity of emissions as per one head a year and as per 
one unit of produced products.

Table 2. The greenhouse gas emissions from all the livestock of cows in the investigated farms, kg/day

Greenhouse gases

Farms

Private 
agricultural 
enterprise 

(PAE) Horyn 
Agrocompany

Private lease 
enterprise 

(PLE)
Ivanivske

PAE Dzvin PE AC 
Medobory

LLC 
Halychyna

Private 
enterprise 

(PE) 
Progress K

CO2 – from animals
СH4 – total

from intes.ferm.
from manure

СО2-equivalent
N2O – total

directly from manure 
indirectly from manure

СО2-equivalent

СH2 – total

596.56
240.85
230.34
10.51
5540
2.43
1.89
0.54
719

6856

437.79
187.60
179.40
8.19
4315
1.8
1.4
0.4
532

5285

225.60
78.14
74.15
3.99
1797
0.60
0.38
0.23
178

2201

399.09
136.55
130.59
5.96
3141
0.75
0.47
0.28
221

3761

152.6
52.12
49.84
2.28
1199
0.29
0.18
0.10
84

1436

134.77
45.98
43.98
2.00
1058
0.25
0.16
0.1
75

1268
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The cumulative estimation of all the factors, which 
impact the level of emissions, demonstrates that as 
per one head the highest amount of emissions was in 
PLE Ivanivske (whereas in terms of total emissions of 
GG the fi rst place was taken by PAE Horyn) – as PLE 
Ivanivske has somewhat higher average live bodyweight 
of cows and the highest yield of milk, which increases 
the gross consumed energy and emissions of methane 
from intestinal fermentation.

Although PE AC Medobory, LLC Halychyna and 
PE Progress K have additional expenses of energy for 
grazing, they have lower yield of milk (lower expenses 
of energy for lactation) and lower emission of nitrogen 
oxide from manure (30 % of which is left on the pastures), 
which, as a result, leads to the decrease in the emission 
of all GG in СО2-equivalent per one cow a year.

If the intensity of emissions per one unit of products 
is selected for the estimation criterion, the highest 
amount of GG emissions per 1 kg of milk is that of 
PE AC Medobory (the lowest performance), and the 
lowest amount of GG emissions per 1 kg of milk – in 
PLE Ivanivske (the highest performance).

Thus, high yields of milk require additional expenses 
of energy (fodder) for lactation which results in 
the increase in methane emissions due to enteric 
fermentation and due to manure, and keeping these 
cows in stalls leads to the increase in nitrogen oxide 
from manure. However, the emissions of all GG per unit 
of produced products (1 kg of milk) are considerably 

inferior to the farms where the yield of milk is much 
lower.

The analysis of the obtained calculations of probable 
emissions of greenhouse gases from dairy cows in-
dicates that the amount of emissions depends on the 
following factors: live bodyweight of cows; yield of 
milk and its fat content; way of keeping animals and 
keeping wastes.

During stall-keeping, all the manure is kept in one 
place in a dry form, the emissions of methane and 
nitrogen oxide are calculated based on it.

Keeping in stalls and on ground runs affects the 
increase in the share of direct emissions of nitrogen 
oxide, but also the decrease in the emissions of methane 
and indirect emissions of nitrogen from manure in the 
sites, as about 30 % of manure is left there.

Stall-camp keeping is characterized by the fact that 
the emissions of methane from manure in the pasture are 
much less considerable, and direct and indirect emissions 
of nitrogen oxide are not calculated at all, as this nitrogen 
will belong to the category of “emissions from pastures” 
where about 30 % of manure is left. However, the share 
of methane increases during grazing, when it is formed 
due to intestinal fermentation, as the animals also need 
the energy to maintain their activity during grazing.

PROBLEMS OF ANIMAL BREEDING DUE TO 
THE CHANGE IN CLIMATIC CONDITIONS

Stable development of animal breeding depends 
on external factors and conditions of keeping and 

Table 3. The greenhouse gas emissions from one cow in investigated farms per year 

Note. S* summer; W ** winter

Farms
Livestock 
of cows, 

heads

Yield 
of milk, 
kg/head/

year

The way of 
keeping animals

Greenhouse gas emissions, kg/head/year

CO2 CH4 N2O
CO2-
equiv.

per 1 kg
of milk

(PAE) Horyn Agrocompany

PLE Ivanivske

PAE Dzvin

PEAC Medobory

LLC Halychyna

PE Progress K

664

480

230

430

168

150

6522

7150

5035

4108

4237

3967

S*: stall-camp
W**: stall-tie-up

S: stall-camp
W: stall-tie-up

S: stall
W: stall

S: stall-camp
W: stall-tie-up
S: stall-camp
W: no tie-up
S: stall-camp

W: stall-tie-up

327.93

332.14

358.02

338.76

331.54

327.93

132.40

142.70

124.00

115.90

113.23

111.89

1.34

1.37

0.96

0.68

0.62

0.61

3768

4017

3493

3204

3119

3083

0.578

0.562

0.694

0.780

0.736

0.777
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breeding animals. At present agricultural animals, 
like all the living organisms of the planet, suffer from 
changes, occurring in the environment. Along with 
different ecological problems, the researchers also 
note the negative impact of the increase in the air 
temperature on the development of animal breeding 
which may be manifested in the following ways: stress 
reactions of the organism to the temperature increase 
and thus the decrease in performance; increase in the 
risk of exposure to diseases of animals due to the fact 
that increased temperatures promote the increase in 
the area of spreading the agents of diseases and due 
to the decrease in the period of grazing, required for 
health improvement of the cattle and the use of natural 
fodder; the decrease in genetic diversity of species due 
to their inability to adapt to external conditions (genetic 
erosion); side effects due to the negative impact of 
climate changes on the status of resources, required for 
normal vital functions of animals – water, quality of 
fi elds and the conditions of fodder, the impairment of 
vegetative biodiversity of pasture, etc. [1, 2, 18, 20].

THE WAYS OF SOLVING PROBLEMS 
OF THE DEVELOPMENT OF ANIMAL 

BREEDING IN THE CONDITIONS 
OF GLOBAL CLIMATE CHANGE

Thus, taking into account current global problems, 
the development of the animal breeding industry should 
occur with the consideration of the problem of limited 
natural resources, namely, it is extremely urgent to keep 
the balance between ensuring sustainable development 
of animal breeding, achieving food safety, decreasing 
the level of poverty and shortage of food products and 
decreasing the ecological footprint and using natural 
resources in a rational way.

One of the leading tasks should be the search for 
ways of adaptation and resistance of animals to 
negative external weather-and-climate factors. This 
is the work of geneticists-breeders in determining 
adaptation features of specifi c individuals as well 
as genotypes; measures of technologists of creating 
comfortable conditions of keeping animals and 
selection of relevant technologies of keeping animals 
in the conditions of climate change; territorial approach 
towards the location of farms and determination of the 
area of spreading the species of animals. It is believed 
that one of the promising trends of adapting the 
animal breeding to climate changes and solving issues 
with food is preservation and expansion of genetic 
diversity of animals. Here the basis for adaptation 
selection may be found in the aborigine species, 

genetically adapted to the environmental conditions 
of a specifi c region.
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Ціль. Для належного розвитку галузі тваринництва в 
умовах глобальних проблем сьогодення та зниження 
антропогенного навантаження на навколишнє природ-
не середовище через викиди парникових газів від 
діяльності тваринництва актуальним є вивчення проце-
сів взаємовідносин тваринництва із зовнішніми кліма-
тичними умовами. Методи. Теоретичне обґрунтування 
проблеми проведено на основі літературних джерел,
статистичної інформації Продовольчої і сільськогос-
подарської організації ООН та даних Національного 
кадастру викидів парникових газів в Україні. Теоре-
тично можливі викиди у атмосферу парникових газів 
від тваринництва в Україні та окремих господарств 
розраховані за міжнародною методикою із використан-
ням статистичної інформації діяльності тваринництва 
в Україні та господарсько-технологічної інформації ді-
яльності досліджуваних господарств. Результати. Про-
аналізовано взаємозв’язок виробництва продукції тва-
ринництва із погодно-кліматичними умовами середо-
вища. Визначено можливі вектори дії галузі, що сприя-
ють глобальному потеплінню та негативним процесам, 
що пов’язані з цим. Охарактеризовано основні чин-
ники, що впливають на утворення парникових газів
від діяльності підприємств з виробництва продукції 
тваринництва. На основі літературних джерел, статис-
тичних даних та власних розрахунків проаналізовано 
роль тваринництва у викидах парникових газів в гло-
бальному, національному масштабах та на рівні окре-
мих господарств з урахуванням індивідуальних госпо-
дарсько-технологічних особливостей цих господарств. 
Висновки. В умовах глобальних проблем сьогодення 
необхідно дотримуватися збалансованості між забезпе-
ченням стійкого розвитку тваринництва та зниженням 
вуглецевого сліду внаслідок діяльності тваринництва. 
Ключові слова: природні ресурси, тваринництво, зміни 
клімату, парникові гази, молочне скотарство, свинарство.
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Цель. Для надлежащего развития отрасли животно-
водства в условиях глобальных проблем современности 
и снижения антропогенной нагрузки на окружающую 
среду из-за выбросов парниковых газов от деятельнос-
ти животноводства актуальным является изучение про-
цессов взаимоотношений животноводства с внешними 
климатическими условиями. Методы. Теоретическое 
обоснование проблемы проведено на основе литера-
турных источников, статистической информации Про-
довольственной и сельскохозяйственной организации 
ООН и данных Национального кадастра выбросов пар-
никовых газов в Украине. Теоретически возможные вы-
бросы в атмосферу парниковых газов от животноводства 
в Украины и отдельных хозяйств рассчитанны по меж-
дународной методике с использованием статистической 
информации о деятельности животноводства в Украине 
и хозяйственно-технологической информации о деятель-
ности исследуемых хозяйств. Результаты. Проана-
лизирована взаимосвязь производства продукции живот-
новодства с погодно-климатическими условиями среды.
Определены возможные векторы действия отрясли, ко-
торые способствуют глобальному потеплению и нега-
тивным процессам, связанным с этим. Охарактеризо-
ваны основные факторы, влияющие на образование 
парниковых газов от деятельности предприятий по
производству продукции животноводства. На основа-
нии литературных источников, статистических данных
и собственных расчетов проанализирована роль живот-
новодства в выбросах парниковых газов в глобальном, 
национальном масштабах и на уровне отдельных хо-
зяйств с учетом индивидуальных хозяйственно-техно-
логических особенностей этих хозяйств. Выводы. В
условиях глобальных проблем современности необхо-
димо соблюдать сбалансированность между обеспече-
нием устойчивого развития животноводства и сниже-
нием углеродного следа в результате деятельности жи-
вотноводства.
Ключевые слова: природные ресурсы, животноводство, 
изменения климата, парниковые газы, молочное ското-
водство, свиноводство.
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INTRODUCTION

At the current stage of development of agricultural 
economy of Ukraine, one of the key directions of in-
creasing its effi ciency is the creation of the potential of 
agro-food chains of different product trends, namely, 
manufacturing of products of vegetative, animal and 
mineral origin. Regardless of the diversity of products, 
there are many problems, common for all the chains, 
which are derived from contradictory consequences 
of implementing the agricultural and land reforms, the 
transformation of economic relations, the breakdown 
of technological relations between the enterprises of 
adjacent branches of agriculture and food industry. The 
practical implementation of the course towards integra-
tion of the agricultural sector into the internal market 

of EU promoted the occurrence of a series of new chal-
lenges and thus pushed towards searching for modern 
mechanisms and instruments of solving them. The 
abovementioned statements prove the need to substan-
tiate the principles and practical recommendations to 
ensure the competitiveness of agro-food chains on the 
principles of stability and implementation of innova-
tions with the consideration of changes in the external 
and internal environment of their functioning as well 
as the specifi cs of the product and potential of the agri-
cultural producer.

Production-and-sale chains in the sphere of food 
production are complex systems with low effi ciency, 
especially the ones, formed by small producers, ensur-
ing the competitiveness of which is possible only on 
condition of following the principles of stable devel-
opment and active use of innovations (improvement 
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of products, technologies, business models, etc.) This 
requires substantiation of the scientifi c grounds for the 
functioning of agro-food chains on the principles of 
stability and innovation provisions on all the levels of 
the chain – production of agricultural products – pro-
cessing – distribution logistics – consumption – recy-
cling (disposal).

Scientifi c publications on the problems of forming 
and managing the agro-food chains in the 2000s were 
rather sporadic, as the main attention was paid to them 
during the previous periods, which formed a belief 
about practically complete exhaustion of their possi-
bilities. But as early as since the 2010s both Ukrainian 
and foreign scientists, especially domestic practical ex-
perts, started their active search for the solution to the 
problem of chains [1–5]. Market environment requires 
each participant of the agro-food chain to be capable of 
collective and urgent response to the fl uctuations in the 
market requirements, including operational effi ciency 
and quality of supplies, wide assortment of products, 
providing with information about the origin and ways 
of production, etc. [6].

While generalizing the results of studies of foreign 
scientists, one can come to a conclusion that the inno-
vative nature of agro-food chains is ensured by the fol-
lowing conditions: promoting the creation of favorable 
conditions for the development of inclusive innovative 
processes at each level of the chain; ensuring the access 
to information, knowledge, leading practices and the 
support in applying the latter; promoting the develop-
ment of long-term partnership between interested par-
ticipants of the agro-food business-models and spread-
ing competitive approaches towards the organization of 
functioning agro-food chains [7, 8].

A recent decade has witnessed the development of a 
new paradigm of open innovations [9] which enhances 
the urgency of both theoretical and practical studies in 
terms of ensuring the innovative nature of agro-food 
chains. We agree with the assumption that conduct-
ing empirical studies on this scientifi c problem is still 
insuffi cient and requires further elaborations with the 
consideration of external and internal environment of 
the formation and functioning of agro-food chains [10]. 

It is noteworthy that the notion of open innovations 
was fi rst used by H. Chesbrough [11], who used the 
systematization of the factors, infl uencing the tradi-
tional model of investigations and elaborations to note 
the occurrence of new ones, which became dominant 
in the innovative environment. In the author’s opinion, 
the increase in the mobility of workers and in the num-

ber of innovation-oriented universities and research 
structures, the increased access of business newcomers 
to venture capital changed the conditions, in which the 
organizations implement the innovations [12]. The au-
thor supplemented the list of factors with such factors 
as expansion of Internet and social networks which in-
creased the access to and exchange of knowledge [13]. 
Undoubtedly, the abovementioned factors impact the 
innovative provisions in all the links of the agro-food 
chain, but the manifestation of destructive phenomena 
in domestic practice is somewhat slowing down the 
processes of diffusion and introduction of innovative 
solutions.

The scientifi c articles of foreign scientists contain ac-
tive discussion of modern trends in the functioning of 
agro-food chains, the distinguishing features of which 
are enhancing the level of globalization, complicating 
the chains of supplies due to their orientation on cover-
ing the whole world, and satisfying the consumption 
needs of different groups of consumers in terms of 
income. Here the development of agro-food chains in 
current conditions will occur under the impact of the 
following factors: increased demand for food; higher 
competition on agro-food markets; orientation on pro-
viding the energy safety at the expense of agriculture; 
growth of prices for food and volatility of prices; trans-
formation of agrarian structures, agroindustrialization 
and globalization of food industry; change in the mod-
els of selling agricultural products and evolution of 
trade policy; climate change will increase the impact 
on agriculture; science and technology will become 
factors of enhance the effi ciency of agriculture; higher 
risks due to natural and technological crises [14, 15].

Innovations play a relevant role in ensuring the sta-
bility of agro-chains, but higher competition in the 
market of agro-food decreases fi nancial possibilities of 
chain participants regarding their elaboration and im-
plementation. The overview of the Global Innovation 
Excellence Study states that the companies, involved 
in the production of food products and drinks, invest 1–
2 % of their turnover of commodities into studies and 
innovative solutions compared to 5–6 % on average in 
other industries [16].

According to both domestic and foreign scientists, 
the result of innovations in agro-food chains is the 
elaboration and implementation of new products, tech-
nologies, marketing strategies, models of organizing 
agrobusiness and the formation of improved economic 
relations, etc. [8, 17, 18]. Thus, considering the poten-
tial possibilities of improving the functioning of agro-
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food chains (AFC) based on innovations, one should 
consider their impact in terms of different directions of 
their implementation and immediate readiness of each 
participant of the agro-food chain to implement them. 
We believe that such approach will allow identifying 
the hidden reserves and spare resources, which should 
get involved into the technological processes, prod-
ucts, models of organizing business, etc., it will also 
allow substantiating the directions towards eliminating 
hindrances, activating the process of implementation 
of modern innovations, motivating technological staff 
who will support the accumulation and balancing the 
potential of chains with the purpose of enhancing their 
competitiveness. The aim of the article is to generalize 
weak points and unrealized potential possibilities re-
garding the effi cient use of AFC potential and substan-
tiation of trends, methods, instruments of activating the 
processes of implementing the innovations, systemic 
methods of safety, disclosing unrealized institutional 
and hidden social reserves and resource possibilities 
in terms of enhancing the stability of the interaction 
between the actors and accumulating the potential of 
the chains.

The introduction of the agrarian and land reforms in 
the 1990s was accompanied by the reduction of agri-
cultural production and massive unprofi tability of hold-
ings and only the beginning of the 2000s marked the 
start of coming out of recession and improving the eco-
nomic indices of entrepreneurial activity. The transfer 
from planning and administrative economy to socially 
oriented economy was accompanied with the destruc-
tion of economic relations and breakdown of techno-
logical relations, which were supported by administra-
tive measures. It should be noted that since 2000 the 
structure of the agrarian sector has been considerably 
transformed. In particular, the number of food industry 
enterprises was reduced 1.6 times (down to 5.5 thou-
sand units), including the 2.4-fold reduction of large 
and medium-size enterprises (down to 1.05 thousand 
units). At the same time, the number of holdings (ag-
ricultural ones, farms, small enterprises) decreased in-
signifi cantly (from 58.9 thousand down to 52.5 thou-
sand) but the share of private peasant holdings was 
reduced almost by a quarter (from 5.3 million down to 
4.1 million private peasant holdings (PPH) [19]. When 
the reduction in the volumes of growing agricultural 
products is compared against the mentioned trends, 
one may come to the conclusion that this was the fac-
tor, which conditioned considerable transformations 
in the geography of agroproducers: their structure has 
become more complicated, but it has also decreased 

considerably in terms of industrial possibilities, and the 
accessibility of transportation to food processing enter-
prises has deteriorated signifi cantly.

The most representative object for the analysis of 
transformations, which have already passed, is the 
chain of dairy products. In particular, in 2000–2015 the 
number of cows decreased more than twice – down to 
2166.6 thousand, including the number in the indus-
trial sector (agricultural enterprises – ACE) – 3.7 times 
(down to 505.1 thousand), in the holdings of the popu-
lation (HP) – almost 1.9 times (down to 1665.5 thou-
sand), and the share of cows in ACE is 23.3 % [19 ]. 
The production of raw milk decreased by 16.2 % for 
the mentioned period (down to 10.6 million tons), in-
cluding that of ACE – by 27.2 % (down to 2.67 million 
tons), in HP – by 13.1 % (down to 7.95 million tons), 
but the yield from one forage-fed cow increased: 3.3 
times in ACE (up to 5352 kg), in HP – 1.5 times (up to 
4437 kg) [19].

Since early 2000s and until now the number of milk 
processing plants decreased twice (down to 392 – 
2015), and that of dairy farms (DF) – down to 2614 
(2015). Only in 2010–2015 the number of dairy farms 
decreased by 977 (27.2 %). There is relative concen-
tration of production on this background: there is an 
increase in the share of medium (200–500 heads – up 
to 22 %) and large (over 500 heads – up to 10 %) enter-
prises which produce 44 % of products, and the share 
of small dairy producers (50–200 – down to 30 %) and 
backwarders (up to 50 heads – about 38 %) decreased. 
As of the end of 2016 there were 2107.1 thousand 
cows, including 1623.1 thousand in HP and 484 thou-
sand heads in ACE (23 %). It should be noted that in 
2007–2016 the sale of milk dropped from 5.5 million 
tons to 3.7 million tons (by 32.8 %), but the share of 
milk, produced at the dairy farms of ACE increased 
1.5 times (up to 2.5 million tons), and its share – from 
30.3 % to 67.7 %. The structure of milk, stocked in 
2016: extra – 14.6 %, prime grade – 36.7 %, fi rst grade – 
42 %, second grade – 6.4 %, no grade – 0.3 % [20]. On 
January 01, 2018 the amendments to DSTU 2661:2010 
“Cow’s drinking milk. General technical conditions” 
will come into force and only three kinds of milk will 
remain: extra, prime grade, and fi rst grade.

The most signifi cant negative, and often quite contra-
dictory, consequences of reforms in the agrarian sector 
may be named as follows:

• a transfer from the model of organizing agriculture 
in collective farms/state-owned farms with the paternal 
role of the state to the model of complete responsibil-
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ity of entrepreneurial activity for their own achieved 
results was accompanied by the destruction of organi-
zational and legal forms and also the material and tech-
nical foundation of agro-food production, for instance, 
automotive parks, farms of different orientation, green-
house holdings, subsidiary shops and enterprises, pro-
ducing ready-made food products, etc.;

• the increase in the park of outdated equipment and 
technological machinery with their minimal updating 
or maintenance was accompanied with the decrease 
in the level of mechanization and technology of agri-
cultural production, the return to manual and outdated 
technologies, the decrease in safety indices and quality 
of agricultural production and fi nal food products;

• the change in the forms of ownership and property 
for land and the 6.5 times decrease in cattle for the re-
cent quarter of century (down to 3.75 million heads), 
including cows – four times (down to 2.167 million 
heads), was accompanied with the 15–16-fold decrease 
in the introduction of organic fertilizers (down to 
0.5 t/ha and only on the land where they were intro-
duced – 2.5 % from the area of arable land) and exhaus-
tion (dehumifi cation) of soil (the decrease in the share 
of humus by 0.5 % – down to 3.1 %) [21];

• the transfer to a partnership model of relations be-
tween the producers of raw materials and food process-
ing enterprises in the conditions of creating the mar-
ket was of extremely complicated and contradictory 
character. It was conditioned by the small commodity 
structure and low level of technologies in the produc-
tion and non-conformity of the raw materials to regula-
tory indices, which formed the low level of safety and 
quality of food products considerably;

• the main problem of dairy production – the contact 
of raw milk with air and outdated technologies of its 
processing. The introduction of milking equipment and 
cooler tanks for storage of raw milk, bought from the 
holdings of the population, solves the problem only to 
some extent. Ex-Soviet milk processing technologies 
are tuned to comply with the regulatory indices, fore-
seen in GOSTs. In this respect, the higher the amortiza-
tion of the main equipment is, the simpler it is for the 
owners to solve the issue of closing the production or 
having radical modernization with the purpose of en-
suring its compliance with the regulatory requirements 
of the laws of Ukraine, related to food products, techni-
cal instructions, standards, etc.

The practicing animal breeders believe that 1997–
2006 were the years of realizing the destructive conse-

quences of previous transformations and estimating the 
impact of decreasing trends, and since 2007 – the sub-
stantiation of scientifi c approaches to the exit of dairy 
farming from a long-term recession and their practical 
implementation. As over ten years have passed since 
that time, it would be logical to make a conclusion 
about the occurrence of “points of innovative growth”, 
i.e. the holdings, involved in industrial production of 
such raw material as milk, its supply to milk process-
ing factories for processing and production of modern 
assortment of dairy products.

This approach objectively urges towards the search 
for leading holdings, the determination of the most ur-
gent problems, which they had to face at the stage of 
taking a decision about the development of dairy farm-
ing, estimating different variants of restoring farms, 
involved in industrial production of milk as raw ma-
terial, the generalization of results, achieved by them, 
etc. It is also reasonable to disclose the possibilities of 
enterprises, involved in processing of raw milk, the in-
troduction of technological and other innovations, the 
estimation of their impact on the performance and ef-
fi ciency of entrepreneurial activity.

It should be highlighted that at the stage of a deci-
sion about the restoration, the majority of dairy hold-
ings were on different stages of destruction of the ma-
terial foundation of farms, the supply with dairy cows, 
their low genetic potential and performance, the staff 
of pre-retirement and retirement age, and mainly with 
manual servicing and milking cows, etc. The situation 
was even more complicated due to the fact that after 
dividing into shares and the privatization of agricul-
tural land the problem of forming the fodder reserves, 
summer grazing of cattle and feeding it in stalls be-
came extremely urgent. At the same time, the restora-
tion of dairy farming in agrarian holdings should not 
be viewed separately, but only in close correlation with 
the processing of milk as raw material, otherwise it re-
duces both scientifi c and practical sense.

It is important to pay attention to those sources of in-
formation and objects of monograph researches which 
were used for the analysis. For instance, these were the 
materials of annual dairy congresses (DC), the latest 
one being held in March 2017. As a rule, the partici-
pants work in different sections: strategy of milk busi-
ness and legislation; technology of milk production; 
veterinary science; challenges, strategies and innova-
tions of milk processing business.

In recent years, there have been celebrations of the 
National Farm Day, for instance, June 20, 2014, based 
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on LLC ACE named after Volovikov; August 15, 
2014 – agricultural private leased enterprise Vi-
drodzhennia; August 18, 2015 – PAE Ukraine Eridon 
(1,000 dairy cows); June 15, 2016 – breeding farm Step-
noi (1800 heads of cattle, including 800 dairy cows); 
August 16, 2016 – LLC Vitchyzna (1125 heads of cat-
tle, including 500 dairy cows); May 19, 2017 – milk 
producing complex Katerynoslavskyi (two complexes 
for 1,400 and 500 dairy cows); August 22, 2017 – PAE 
Piskivske (3,100 heads of cattle, including 1,100 dairy 
cows); September 12, 2017 the First European Farm 
Day – LLC Agrofi rma named after Dovzhenko (700 
dairy cows) which is a regional division of the agroin-
dustrial holding ASTARTA. It should be noted that the 
number of cattle in ASTARTA is 29 thousand heads, 
including the milking herd of 15.6 thousand, located 
in 65 holdings. In 2013 the annual event was started, 
called “All-Ukrainian Day of Milk and Cheese”.

Numerous participants, including foreign guests, 
take part in Dairy congresses and Farm days. Their 
main organizers are the Association of Dairy Producers 
(ADP) and the All-Ukrainian Agrarian Council (AAC). 
The members of ADP are 130 holdings, including 5 % 
of dairy farms and up to 20 % of dairy livestock of 
ACE. The land bank of ADP members is 2.2 million ha. 
The dealer companies, selling foreign equipment for 
agriculture and food industry, act as sponsors of these 
events. The agenda of these events is usually divided 
into two parts: theory and practice. The achievements 
and the key problems, which dairy business faces in 
Ukraine, are highlighted. There is active promotion of 
leading international experience in the formation of 
genetic potential of a dairy herd, its fodder foundation 
and maintenance with the purpose of achieving the in-
dicative parameters of production; the constituents of 
the achieved results are disclosed. Their analysis and 
generalization of domestic and foreign experience al-
low suggesting the following scheme of stage-wise 
provision of innovation and competitiveness of the 
agro-food chains.

The retrospective analysis of the formation and func-
tioning of the chains demonstrates that it is possible to 
enhance their stability and competitiveness in modern 
conditions based on systemic, complex, and differen-
tiated approach to the elaboration and introduction of 
innovations. It means that the process of introducing 
the complex of innovations and systemic methods of 
safety should cover all the actors involves, all the sec-
tors and elements of production which ensure the safe-
ty and quality of agrarian raw materials and fi nal food 

products. In this respect the dairy product chains are 
the most complicated as their key factor is productive 
cattle. The latter is the main source of dairy business 
and includes the following constituent characteristics: 
key genotype of a cow and the performance of a dairy 
herd, fodder resources, technologies of servicing ani-
mals and obtaining raw milk, its storing, transporting 
and processing. Depending on the breakdown between 
the actual state of the working dairy farm and the quan-
titative values of the indicative indexes, the achieve-
ment of which is set as the aim of dairy business, more 
detailed presentation could be reasonable.

A KEY GENOTYPE OF A COW 
AND PERFORMANCE OF A DAIRY HERD

The fi rst step to take for farms, which faced the choice 
of a promising model of development, is the determi-
nation of dairy farm specialization. It will be defi ned 
by the structure of the product portfolio of regional 
processing enterprises: raw material for the production 
of hard cheese, whole-milk products or technical prod-
ucts. The maximal volumes of raw milk production 
are achieved in case of optimal balance between cattle 
number and the area of fodder resources of the farm 
calculated as 0.7 ha of agricultural land per a dairy cow 
and 0.3 ha per one head of the rest of cattle (without 
cows). The farms are fi lled with cows according to the 
requirements of the enterprises to raw milk: Holstein – 
to manufacture the products from whole milk, Ukraini-
an Red/Black-and-White dairy cows – for hard cheese. 
The experience of holdings, which set a specifi c aim 
and relied mostly on their own possibilities to achieve 
it, demonstrates that at least 4–5 years are required to 
form a modern structure of a dairy herd with a high 
level of performance.

Noteworthy in terms of theory and practice is the 
exemplary experience of the development of a dairy 
farm PAE Piskivske. Milk production has a tendency 
to grow: 1294 tons (1998 – 300 heads) – 4510 (2001 – 
330 heads) – 6094 (2006 – 678 heads) – 8278 (2011 – 
856 heads) – 9440 tons (2016 – 1000 heads). These 
statistics are true regardless of the fact that this holding 
still has the material and technical foundation, dated 
back to the 1980s (cow sheds and on-ground silo build-
ings are built of reinforced concrete structures, cattle is 
kept loose on deep litter, there is a feeding pen, etc.). 
It was modernized to some degree, for instance, the 
fencing panels were removed, and plastic was installed 
instead, ventilators were installed in the cow sheds; 
milking halls were mounted as the “parallel” of 2 x 12 
heads; strict isolation of silo from the contact with re-
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inforced concrete constructions and environment was 
ensured; the vehicle park of self-propelled machinery, 
towed vehicles and linkage-mounted equipment was 
upgraded and expanded for the maintenance of farms, 
collection of fodder and feeding of animals; cooler 
tanks were installed for temporary storing of raw milk 
which was sent for processing; cheese production on 
site was started; the sale of raw milk was diversifi ed: to 
the milk canning enterprise (the town of Ichnia) and the 
one, manufacturing baby food (the town of Vyshneve) 
as well as the members of the Jewish community (the 
city of Kyiv) who are supplied with milk with kosher 
status. The compliance with safety requirements and 
the correspondence of raw milk to quality standards 
(almost everything of extra grade) had a considerable 
impact on the price of implementation and ensured the 
increase in the effi ciency of dairy production.

The fodder resources are the basis of the fodder 
chain. According to the experts, the economic indices 
in dairy farming are ensured with quality fodder by 
60–65 %, by genetic potential of cattle – by 18–20 
%, by proper conditions of raising, caring, feeding 
and keeping dairy livestock, which guarantees the 
compliance with sanitary-veterinary and hygienic re-
quirements to the production, preservation of health 
and well-being of animals. Cattle should be provided 
with fodder according to the requirements to fodder 
chains (FC). The fodder chain of productive animals 
includes a number of factors, resources, technologies 
with special requirements, strict adherence to which 
will guarantee the production of safe and quality fod-
der. The supply of concentrated fodder, their mixing 
with other ingredients (silo, hay, rough feeds) and 
feeding the animals is the guarantee of producing safe 
and quality raw materials. Therefore, the prerequisites 
and key constituents of FC are as follows: 

• creating specialized units at the farms, providing 
them with modern self-propelled machinery, agricul-
tural and foraging machinery, qualifi ed staff, certifi ed 
seeds of fodder crops;

• following technological instructions regarding 
growing, gathering and storing (making silo) of differ-
ent fodder;

• introduction of modern technologies of creating and 
using rotation and natural pastures; 

• using technologies of preparing balanced diets for 
stall-kept cattle taking into consideration their age and 
species composition, meeting the requirements to safe-
ty and quality of fodder, etc.

The main requirement to the effi ciency of the fod-
der chain is to ensure maximal conversion of fodder 
energy into the consumptive and quality resource for 
animals, and the conversion of this resource into milk. 
This is the thinnest place in the fodder chain, thus, this 
is a great fi eld for the elaboration and introduction of 
agro-, zoo-, vet-, organizational and technological in-
novations. Contrary to the industry, where the evalu-
ation of innovative activity of enterprises, involving 
the estimation of its level, is done every year, there is 
nothing like this foreseen for agriculture. In these con-
ditions the agroproducers take their own decision on 
what innovations are reasonable for their implementa-
tion. A limiting factor is the actual fi nancial possibili-
ties for the involvement of any innovations. However, 
even now, and especially in future, the indicator of in-
novative activity may be found in the products, grown 
using innovative solutions, in particular, certifi ed ge-
netic resources; the system of technological regula-
tions for growing, gathering (milking, slaughtering), 
storing raw materials and clear compliance with their 
requirements.

Alfalfa (or clover) and specialized silo hybrids of 
corn were introduced into the application with the pur-
pose of expanding the range of agricultural crops, suit-
able for silo (foraging), enhancing its energetic value. 
For instance, the hybrid Limagrain Latisana (FAO in-
dex 320 – physiological ripeness of grain) is sensitive 
to the treatment conditions, thus the maximal yield is 
achieved only when intensive technology is followed. 
In Ukraine foreign producers offer both the whole line 
of equipment – from soil tillage to harvesting, and the 
innovative technology of silo production. It is based 
on the following requirements and factors: following 
the optimal period of harvesting (required content of 
moisture in a plant and milk-wax ripeness of grain), 
obligatory bumping and crushing of stems and grain of 
corn (up to 8–10 mm), careful preparation of storages, 
methods, terms (2 days) and humidity of mass (70 %) 
while laying silo (foraging), adding preservatives for 
complete preservation of its consumptive value and in-
gredients for breakdown of starch, covering with plas-
tic and protective cloth, etc. Clear compliance with the 
technologies of foraging, which is rather hard to ensure 
in changing weather conditions, guarantees maximal 
preservation of their natural consumer appeal and en-
ergy values.

A relevant prerequisite of creating the energy-ef-
fi cient fodder chain is the periodic evaluation of its 
components. The samples of all the components are 
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periodically taken and evaluated from the standpoint 
of energy value, ensuring the maximal conversion of 
ingredients, balance of nutrients, and, if required, their 
correction is performed.

The transfer to modern technologies of feeding ani-
mals extended the possibilities of forming balanced 
diets using different ingredients. In particular, there is 
a transfer from the approximate formation of diets in 
some holdings to the creation of fodder center, which 
have the preparation of fortifi ed diets, balanced by the 
main ingredients for different groups of cattle. They 
are servicing dozens of dairy farms, located in several 
rural areas. However, this could be afforded only by 
large producers, for instance, on September 12, 2017 
the agroindustrial holding ASTARTA opened the Feed 
center of industrial production of feeds: 2 mixers of 
300 tons/day.

TECHNOLOGIES OF SERVICING ANIMALS 
AND OBTAINING RAW MILK

At present a wide range of technologies of caring, 
feeding and keeping dairy livestock is used in the in-
dustrial dairy farming, but their pinnacle is the techno-
logy of milking. The structure of dairy farms is diverse, 
thus including a number of milking equipment sets: 
from the improved ex-Soviet (individual milking into 
containers) to the robotic systems of voluntary milking 
(Delaval Company, Ukraine). It should be noted that in 
Ukraine the robotic systems have already been intro-
duced at a number of farms, in particular, ALC Tere-
zyne (1,000 dairy cows, average yield of 10,200 kg,
with 8 milking robots – VMS of Delaval Company, 
the milking premises – Delaval, Diamond parallel 
2 × 16, Kyiv region, the village of Terezyne); LLC Nova 
Nyva (2 robots are already working, 2 more will be in-
stalled to service 240 cows; the total number of cattle – 
2,800 heads, including 760 cows, the yield per cow – 
6,250 kg; Donetsk region, the village of Novokrasniv-
ka, etc. This is the international level of solutions for 
dairy farming, but the implementation of robotic com-
plexes is impossible without a number of technical, 
zootechnical, veterinary, organizational, technological, 
and other innovations [22], in particular, the creation of 
maximally comfortable conditions for cows and proper 
microclimate in cow-sheds (automatic regulation of 
fresh air via opening curtains and ventilation shafts for 
droughts, as well as installation of the cooling system – 
ventilators and irrigation), automatic regulation of the 
daylight, supplied for up to 16 hours a day; free access 
of cows to feeding tables, automated feeder, drinking 
bowls and a milking robot, deep litter and its periodic 

changing; formation of groups, comprised of fi rst lac-
tation cows, which are much easier to teach to the set 
procedure, compared to older animals. The stimulant, 
ensuring voluntary walking of an animal to the milking 
hall, is the possibility for a cow to obtain the additional 
portion of concentrates from the automated feeder. As 
a result, the frequency of milking of fi rst lactation cows 
is 4–5, and closer to cow’s drying off – one (2.78 on 
average) time a day; clear compliance with sanitary-
hygienic and veterinary requirements of keeping cows 
(daily inspections, aimed at evaluating the physiologi-
cal status and absence of any stress in animals, esti-
mating the signs of diseases, etc.); individual approach 
to each cow; a robot recognizes an animal by the de-
tector, installed into the ear-tag; each teat of a cow is 
separately milked; the procedures of working with the 
udder prior and after the milking are conducted in ac-
cordance with the programmed sequence; washing the 
technological equipment is done after each milking. 
Conducting the measurements of electrical conducti-
vity of milk for each share of the udder (four pulsars 
and four meters) allows determining garget even if it 
is only in one part of the udder. At the same time, it 
allows localizing and using the poor quality milk, ob-
tained from a problem cow, separately; improvement 
of feeding diets based on the preparation of balanced 
feed mixtures, given to animals twice a day, and each 
cow also receives additional concentrates in the auto-
mated feeder at the station of voluntary milking. The 
amount, which an animal eats for one time, depends on 
its performance and is controlled by a robot (1.5–2 kg).

Therefore, the scientifi c-technical progress in dairy 
farming lies in creating an automated (a milking robot) 
material-technical foundation, implementation of mod-
ern technologies of no tie-up keeping and voluntary 
milking of cows, storing, cooling and gathering milk.

STORING, TRANSPORTING 
AND PROCESSING OF RAW MILK 

After cows have been milked, raw milk goes along 
the milk pipes to the tanks for cooling and temporary 
storing until the moment of accumulating a batch, its 
loading into the milk truck and transporting to the milk 
factory. During all these processes raw milk does not 
contact with air and the servicing staff, and the enlisted 
procedures should meet the requirements of the EU 
Regulations 852/2004 “On hygiene of food products” 
and the EU Regulations 853/2004 “On the hygiene of 
food of animal origin”.

At the same time, due to different circumstances, 
the farms start with making their trial batches and then 
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expand their own production of dairy products. In this 
case the freshly obtained milk comes immediately to 
the own mini-shop, where different products are manu-
factured depending on the elaborated product portfolio. 
For instance, a mini-shop, located at the farm “Moloch-
nyi krai” of PAE Piskivske, processes one ton of milk 
every day, producing several kinds of products: Gauda 
cheeses (with and without additives), “pigtail” cheese, 
ricotta, lactic cheese and sour cream. All the technolog-
ical requirements of the production and regulated indi-
ces for raw material and fi nal products are followed. 
The farm was visited by European commissioner vet-
erinary offi cers twice and they were satisfi ed with its 
sanitary and hygienic conditions. Food products, pro-
duced at a farm, are sold in neighboring districts and 
cities rather fast.

PERSONNEL OF INDUSTRIAL DAIRY FARMS

The issue of fi nding the servicing personnel is espe-
cially urgent for the holdings, which are traditionally 
involved into milk production or restore dairy farms. 
As a rule, the list of the main specialties for milk pro-
duction servicing includes the milking operators, cattle 
keepers, farm machinery operators, zootechnicians, 
veterinarians, production managers, engineers, etc. For 
some specialists, dairy production is a separate compo-
nent in the list of their professional duties, covering the 
whole holding.

A key task for the farm personnel is to ensure gath-
ering of highly energetic fodder, fortifi ed feeding and 
quality care of dairy livestock with the purpose of ob-
taining high milking yields, timely determination of the 
signs of diseases and the reasons of possible stress of 
animals, their localization or removal. Three-time milk-
ing of cows (at 4 a.m., 12 p.m., and 8 p.m.) objectively 
demands establishing two groups of operators to work 
every other day, and the servicing staff – with the work-
ing schedule of one day in four – requires four groups 
of workers. In these conditions it is especially impor-
tant to have such characteristics as tolerance, discipline 
and psychological compatibility of the staff members, 
complete trust between them regarding the objective 
estimation of the state of animals and the principle 
of obligatory transfer of information to the following 
operator (a keeper of animals). It is relevant for each 
staff member to have basic knowledge of physiology of 
animals and care for them as well as clear understand-
ing and compliance with the requirements of systemic 
procedures of safety with the purpose of ensuring their 
observance. These are summarized in ISO/TS 22002-
3:2011 “The Program of obligatory preliminary mea-

sures in ensuring the safety of food products – Part 3. 
Manufacture of agricultural products”. If there is no 
knowledge, required in this fi eld, the personnel should 
undergo the training in theory and practical application 
thereof. In order to ensure the continuity, there should 
be a training of required specialists right at their work-
ing places using the coaching method, followed by 
constant upgrade of professional qualities of the mem-
bers of industrial units in growing and gathering fod-
der, milking raw milk, caring about animals. 

Summarizing the abovementioned, the trends of us-
ing innovations in milk farming are technological, 
organizational-economic, biological, ecological, and 
socio-psychological. Here the specifi cs of the investi-
gated object are determined by the biological nature, 
which fi rst and foremost includes the achievements in 
the fi eld of selecting cattle and fodder crops, modern 
technologies of forming and restoring highly produc-
tive dairy herds, which will allow activating the in-
novative development of the dairy products chain in a 
short period of time, ensuring the improvement of its 
stability and competitiveness.

MANUFACTURE OF DAIRY PRODUCTS

According to the estimates of the Chairman of the 
Union of Dairy Enterprises of Ukraine, V.P. Chaha-
rovsky, at present 80 % of the gathered raw milk is 
processed by 20 companies, and the rest, 20 %, comes 
down to 150–160 enterprises, which actually do not im-
pact the dairy market of Ukraine. These have not been 
modernized and are not capable of modernizing, so 
their fate is but one – bankruptcy [23]. Thus, the main 
producers of Ukraine are large dairy foreign compa-
nies and domestic enterprises which have great possi-
bilities of effi cient processing raw milk and are capable 
of offering a wide range of fi nal dairy products. These 
include: LLC UK Terra Food, JSC Molochnyi Alians, 
Danone Ukraine, Almira, a Komo group of compa-
nies, Zhytomyrsky maslozavod – Rud company, LLC 
Lustdorf, SE Milkiland-Ukraine, Wimm-Bill-Dann 
Ukraine, Voloshkove pole. The rating of dairy produc-
ers was built by us based on the index of the amount of 
net profi t of the enterprise for 2015.

At the same time, after closing trade relations with 
the Russian Federation, the following producers fi nd 
new markets of sales and restore their potential in 
manufacturing dairy products: PJSC Ternopilsky Molo-
kozavod, JSC Dubnomoloko, OJSC Shostkinsky misk-
molkombinat, SE Lactalis-Ukraine, Dobriana, Milk 
life, Molokia, Molochna rika, Danone, etc. Therefore, 
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there are two priority tasks, facing the milk processing 
enterprises: on the one hand, they should modernize 
their industrial foundation using technological innova-
tions, on the other hand, they should strengthen direct 
contractual relations with the suppliers of raw materi-
als, promote the increase in the volumes of accumulat-
ing raw materials with the purpose of ensuring effi cient 
use of the current innovative potential and the issue of 
modern assortment of dairy products.

Therefore, the mechanism of innovative provision 
of the dairy products chain is a multi-level hierarchy 
structure of the system of the main inter-related ele-
ments and their typical groups (participants of AFC 
principles, forms, methods and instruments, ways of 
provisions) as well as the ways of their interaction, in-
cluding integration and disintegration, which impact 
the harmonization of economic relations between the 
actors of the chain, ensuring its competitive develop-
ment.

In current conditions the aggravation of environ-
mental factors (climate changes, increased globaliza-
tion and integration processes, decrease in the national 
currency exchange rate, etc.) and internal environment 
(low profi tability of agriculture, need to modernize the 
outdated funds, low level of integration of science and 
production, etc.) of AFC functioning will feel addition-
al impulses, new challenges of external environment, 
thus, the chains should become more fl exible and sensi-
tive to innovations, have more resistance to the changes 
in the market-governed environment.

This brings forth the need to activate the work of sci-
entifi c research institutions regarding the elaboration, 
scientifi c support of implementing innovations based 
on the state-private method of their fi nancing. It should 
be noted that the state should assume the role of the 
activator in elaborating the innovations of the interna-
tional level via state demand of the priority trends of 
research for the institutions of education and science. 
The example to this may be found in the approach to 
fi nancing the innovative projects in EU countries by 
the Horizon-2020 program. Ensuring food safety in 
these countries is achieved within the framework of 
the following trends of scientifi c studies: resource-effi -
cient chains of food – 25 projects were selected for the 
amount of fi nances of EUR 206 million, environment, 
climate changes, agriculture – 7 projects, the amount of 
fi nancing – EUR 64 million, competitiveness of food 
industry – 3 projects, EUR 24 million, healthy food – 5 
projects, EUR 85.5 million.

CONCLUSIONS

At the current stage it has become extremely im-
portant to strengthen positive tendencies in the agrar-
ian sector based on disclosing hidden potential pos-
sibilities, involving unused resources and reserves, 
implementing innovative solutions and systemic safety 
procedures. Both foreign and domestic experience 
demonstrates that a key subject for it is the agro-food 
chain, which is the combination of intertwining, over-
lapping and inter-enhancing biological, technological, 
ecological, social and other requirements to raw mate-
rials and fi nal products. As for economic interests, they 
are often of contradictory nature. Especially complicat-
ed in this respect are dairy products chains, where the 
technological requirements to the production of fi nal 
dairy products are enhanced with strict requirements to 
the production of raw materials of animal origin, and 
thus, to the subjects of entrepreneurial activity.

The experience of the prominent holdings, involved 
in industrial production of milk, demonstrated that 
while building new dairy farms it is required to have 
starting expenses of about USD 10–15 thousand per 
one cattle stall, which allows taking a conclusion that 
the restoration of dairy farming on modern material-
technical, genetic, organizational and other basis is 
affordable only for medium and large agroindustrial 
holdings. Most holdings as key actors of dairy products 
chains will restore the farms, based on their own possi-
bilities mainly. This requires much more time, but it is 
important to solve problems taking into consideration 
all the components: the status of the material founda-
tion and the possibilities of its technical-technological 
modernization, available genetic resources of farms 
and the ways to enhance them, the creation of a modern 
fodder foundation, the formation of innovative culture, 
oriented at achieving strategic and tactical targets of 
development.

The orientation of AFC actors on the activation of 
the processes of elaboration and implementation of in-
novations will promote the increase in the quality pa-
rameters of agricultural products and food, the optimi-
zation of expenses for their production and bringing to 
the fi nal customer. Building intrasectoral, intersectoral, 
operational, fi nancing and investing relations between 
AFC participants will promote achieving their stable 
and competitive functioning both in internal and exter-
nal markets.
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Інновації агропродовольчих ланцюгів в Україні

О. М. Варченко, Д. Ф. Крисанов, О. А. Шуст

e-mail: omvarchenko@ukr.net, d_krysanov@ukr.net, 
elenshust08@ukr.net

Білоцерківсткий Національний аграрний університет 
пл. Соборна, 8/1, Біла Церква, 

Київська область, 09117, Україна
Узагальнено сучасні тренди агропродовольчого забез-
печення та систематизовано чинники зовнішнього та
внутрішнього середовища, що впливають на іннова-
ційність агропродовольчих ланцюгів. Висвітлено тен-
денції та розкрито трансформаційні процеси в аграр-
ному секторі України, що зумовили руйнацію еконо-
мічних відносин і розрив технологічних зв’язків агро-
продовольчих ланцюгів, погіршення показників безпеч-
ності та якості сільськогосподарської сировини й 
кінцевої харчової продукції. Проаналізовано виклики 
у функціонування молокопродуктового ланцюга та об-
ґрунтовано, що процес впровадження комплексу інно-
вацій та системних методів безпечності повинен охоп-
лювати усіх задіяних акторів, сектори та елементи 
виробництва, які забезпечують безпечність та якість 
аграрної сировини та кінцевих харчових продуктів. 
Доведено, що напрямами використання інновацій у 
молочному скотарстві повинні стати досягнення в об-
ласті селекції худоби та кормових культур, сучасні 
технології формування та відтворення стада, щоб за-
безпечити підвищення його стійкості та конкуренто-
спроможності. Обґрунтовано, що для молокоперероб-
них підприємств актуальним є реалізація технологічних 
інновацій та формування довгострокових партнерських 
відносин із постачальниками сировини, з метою ди-
версифікації продуктового портфелю та пропозиції 
якісної та безпечної молочної продукції. Обґрунтова-
но, що функціонування агропродовольчих ланцюгів бу-
де здійснюватися під впливом нових викликів зовніш-
нього середовища, що вимагає створення умов та 
передумов до вищого рівня їх гнучкості до інновацій, 
де пріоритетну роль повинна відводитися державно-
приватному партнерству в розробці та впроваджені 
інновацій. 
Ключові слова: агропродовольчі ланцюги, молокопро-
дуктовий ланцюг, інновації, молочне скотарство, пере-
робні підприємства, актори ланцюга.

Инновации агропродовольственных цепей 
в Украине

О.М. Варченко,  Д.Ф. Крисанов, О.А. Шуст
e-mail: omvarchenko@ukr.net, d_krysanov@ukr.net, 

elenshust08@ukr.net
Белоцерковский Национальный аграрный университет 
пл. Соборна, 8/1, Белая Церковь, Киевская область, 

09117, Украина

Обобщены современные тренды агропродовольствен-
ного обеспечения и систематизированы факторы внеш-
ней и внутренней сред, влияющих на инновационность 
агропродовольственных цепей. Освещены тенденции и
раскрыты трансформационные процессы в аграрном
секторе Украины, обусловивших разрушение экономи-
ческих отношений и разрыв технологических связей 
агропродовольственных цепей, ухудшение показателей 
безопасности и качества сельскохозяйственного сырья 
и конечной пищевой продукции. Проанализированы 
проблемы в функционировании цепи молокопродуктов 
и обосновано, что процесс внедрения комплекса ин-
новаций и системных методов безопасности должен 
охватывать всех задействованных актеров, секторы и
элементы производства, которые обеспечивают безопас-
ность и качество аграрного сырья и конечных продук-
тов питания. Доказано, что основными направлениями 
использования инноваций в молочном животноводстве 
должны стать достижения в области селекции живот-
ных и кормовых культур, современные технологии 
формирования и воспроизводства стада, чтобы обес-
печить повышение его устойчивости и конкуренто-
способности. Обосновано, что для предприятий, перера-
батывающих молоко, актуальными являются реализация 
технологических инноваций и формирование долго-
срочных партнерских отношений с поставщиками сы-
рья, с целью диверсификации продуктового портфеля 
и предложения качественной и безопасной молочной 
продукции. Обосновано, что функционирование агро-
продовольственных цепей будет осуществляться под
влиянием воздействия внешней среды, создания предпо-
сылок к более высокому уровню их гибкости к ин-
новациям, где приоритетная роль должна отводиться 
государственно-частному партнерству в разработке и 
внедрении инноваций.
Ключевые слова: агропродовольственные цепи, моло-
копродуктовная цепь, инновации, молочное животно-
водство, перерабатывающие предприятия, актеры цепи.
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