
© The National Academy of Agrarian Sciences of Ukraine,
Agricultural Science and Practice, 2018

Biological farming in conditions of transformational changes in the agrarian production of Ukraine
V. F. Petrychenko, O. V. Korniychuk, I. S. Voronetska

Morphogenesis of Miscanthus × giganteus in vitro
O. L. Klyachenko, O. E. Nekrut

Propagation of edible honeysuckle (Lonicera edulis Turcz) in in vitro conditions
Ya. S. Zapolsky, T. V. Medvedeva, T. A. Natalchuk, M. O. Bublyk

Studying the conditions of assembling traction-drive soil-processing aggregates with tractors of traction-
energy concept

V. V. Adamchuk, V. M. Bulgakov, I. V. Holovach, V. P. Kuvachov
Sequestration of carbon oxide in different fertilization systems in agrocenoses

O. V. Demydenko, Yu. M. Zapasna, V. A. Velychko
Investigation of properties of biologically active substances and their content in cones of Ukrainian hop 
varieties 

L. V. Protsenko, M. I. Liashenko, A. S. Vlasenko, T. P. Hryniuk, O. O. Dobrovolny
Estimation of the effi ciency of applying nanocomposites as environmentally safe nanofertilizers to 
stimulate biometric indices of agricultural crops

M. V. Savchuk, M. F. Starodub, C. Bisio, M. Guidotti, M. M. Lisovyy 

27

3

13

37

18

Contents 

52

64



Державне видавництво «Аграрна наука» Національної академії аграрних 
наук України з 2018 року є членом Міжнародної асоціації видавців наукової 
літератури (PILA) та бере участь у проекті CrossRef на правах резидента.

CrossRef є незалежною асоціацією, заснованою та керованою видавцями. 
Основним завданням CrossRef є організація доступу користувачів до первинних 
публікацій, що містять науковий контент, та сприяння колективній роботі видавців. 

Ідентифікатор цифрового об’єкта (DOI) – це система ідентифікації об’єктів 
контенту в цифровому середовищі. Система DOI забезпечує структуру для постій-
ної ідентифікації, управління інтелектуальним контентом і метаданими, зв’язок 
користувачів із постачальниками контенту. 

Державне видавництво «Аграрна наука» НААН надає послуги присвоєння 
унікальних номерів – індексів DOI, які на сьогоднішній день стали однією з умов 
для включення видання у міжнародні наукометричні бази, такі як Scopus та Web of 
Science, і включення до Переліку наукових фахових видань України. 

Для участі у програмі CrossRef, будь ласка, зв’яжіться з видавництвом «Аграрна 
наука» НААН: agrovisnyk@ukr.net; macropas@gmail.com; тел. +380 44 2574081
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Aim. To highlight the peculiarities of transformational changes in land use in agrarian production in terms 
of soil fertility and farming effi ciency in Ukraine. To carry out a comparative analysis of the effi ciency of 
use of land resources in different European countries. To substantiate approaches to farming biologization in 
conditions of intensifi cation of agrarian production and climate change. Methods. Observation, comparison, 
analysis and synthesis, system analysis and forecast. Results. The results of long-term fundamental and applied 
researches on the effect of intensifi cation of agriculture on the productivity level of agrarian production have 
been analyzed. A benchmarking analysis of the effi ciency of use of land resources in Ukraine and European 
countries has been carried out. It has been established that as a result of economic activity the basic principle 
of interaction between the agriculture and livestock sector was violated, which does not allow to combine ef-
fectively and use the intensifi cation factors, the principle of fruit variability is not applied when introducing 
short crop rotations of the market crops. Conclusions. The effectiveness of agrarian production in conditions 
of transformational changes depends on the biological farming, which should be targeted at the rational use of 
land resources, prevention of degradation, preservation and enhancement of soil fertility and sustainable land 
use in time, use of life factors of agricultural plants taking into account their biological requirements.

Keywords: soil resources, intensifi cation, fruit variability, fecundity, fertility, hydro-technical coeffi cient, ag-
riculture, biologization.
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INTRODUCTION

Transformational changes in the structure and func-
tioning of Ukrainian ecosystems had an especially nega-
tive effect on the content of organic matter, which serves 
both as a bioenergetic basis of fertility and a regula-
tor of all the living processes in agriculture. This may 
be proven by the fact that 600–700 kg/ha of humus is 
lost on average in the country due to erosion by water 
or wind, and even more so – due to extraction with the 
harvest of agricultural crops, etc. [1]. The most common 
alternative method of agrarian production in the world is 
biological farming, which creates potential possibilities 
to satisfy the increasing demand of the population for 
ecologically pure and safe food products.

The introduction of novel achievements of science, 
engineering and technology enhanced the anthropo-
genic impact on the environment. The acceleration of 
the tempo of scientifi c and technical progress requires 
a systemic approach to protecting land resources of 
Ukraine from degradation, and the intensifi cation of 
agrarian production requires the elaboration of a strat-
egy of adjusting business programs to the principles of 
agriculture biologization and stability of biosphere as 
an integral system. Therefore, rational use of land re-
sources, which would ensure high standards of domes-
tic agrarian production without creating any threat of 
degradation processes, is a relevant economic problem, 
which requires scientifi c substantiation.

The aim of the study is to substantiate the specifi ci-
ties of transformational changes in the agrarian pro-
duction from the standpoint of soil fertility, to establish 
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their impact on the effi ciency of Ukrainian agriculture, 
and to suggest the model of agriculture biologization in 
climate change conditions.

MATERIALS AND METHODS

The theoretical and methodological grounds of the 
study were found in the fundamental laws of ecosystem 
development, the main principles of economic theory, 
the articles of domestic and foreign researchers on the 
issues of effi cient land use and agrarian production. 
The whole world witnesses rapid development of tech-
nologies of rational land use. Recently the domestic 
scientifi c community has become active in highlighting 
the issues of extended restoration of soil fertility. Note-
worthy are the works of A.S. Baliuk [1, 2], V.A. Ve-
lychko [3], H.M. Hospodarenko [4], E.G. Dehodiuk 
[5], O.O. Ivashchenko [6], V.V. Medvedev [7], V.F. 
Petrychenko [9, 10], V.P. Patyka [11] and many others 
[12–19]. However, not all the aspects of this problem 

have been solved in conditions of enhanced intensifi ca-
tion in using land resources and increasing the tempo 
of agrarian production.

The main scientifi c research methods have been se-
lected as follows: observation – the study of the impact 
of transformational changes in agriculture on soil fertil-
ity, analysis and synthesis – to estimate the effi ciency 
of using land resources in different European countries; 
comparison and systemic analysis – to conduct bench-
marking analysis of the land use in Ukraine and in the 
EU member-states.

The results of long-term studies of the scientists of the 
Institute of Feed Research and Agriculture of Podillia, 
NAAS, and other research centers of Ukraine, peren-
nial observations of the Vinnytsia Branch of the state 
institution “Institute of Soil Protection of Ukraine”, 
statistical materials of the State Statistics Service of 
Ukraine, the databases of the European Commission 
and European countries were used in the article.

Fig. 1. Transformation of crop rotations in the Right-Bank Forest-Steppe*. *Built by the authors

Table 1. The dynamics of area under agricultural crops in Ukraine, thous. ha*

*Built by the authors using the data [17].

Cultures
Years 2017 to 1990, 

%1990 2000 2010 2017

Total area of the planting, thous. ha:
Grains:

wheat
Grain legumes

Technical crops:
sugar beet
soy
sunfl ower
rape

Forage crops

32406
14583
7577
1424
3751
1607
93

1636
90

11999

27173
13646
5619
408
4187
856
65

2943
214
7063

26952
15090
6451
429
7296
501
1076
4572
907
2599

27434.3
14104.6
6368.3
502.7
9161.2

318
1994.1
5943.1
789.1
1825.5

84.7
96.7
84.0
35.3
244.2
19.8

2144.2
363.3
876.8
15.2
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RESULTS AND DISCUSSION

The formation of the performance of grain agrophy-
tocenoses is a complicated multifactor process, depend-
ing on many natural and anthropogenic components. 
At the same time, in conditions of climate change, the 
system of relations between biological objects and en-
vironment, which caused constant serious risks in con-
ditions of agrarian production intensifi cation, is com-
plicated and requires scientifi c substantiation for stable 
land use.

There is transformation of crop rotations, where the 
principle of fruit variability is not always followed 
while rotating crops in space and time. For instance, 
multiple fi eld crop rotations in most farms have been 
transformed into short rotational ones, which are satu-
rated with market-determined crops (Fig. 1).

There is a remarkable almost 3-fold decrease in the 
area of fi elds of leguminous crops which are biologi-
zators of agrocenoses. The areas of sugar beet fi elds 
have decreased 5 times, whereas the fi elds of sunfl ower 
increased 3.6 times which is 22 % in the structure of 
area under crops that is 2.5-fold higher compared to 
agrobiological and phytosanitary norms (Table 1).

The fi elds of soy enlarged more than 20 times, and 
those of rape – almost 9 times. The share of corn in 
short crop rotations increased up to 40 %. At the same 
time, the fi elds of grain legumes, perennial and annual 
grasses as good predecessors of winter wheat decreased 
6.6 times i.e. from 37 to 6.6 % in the structure of plant-
ed fi elds. The process of intensifi cation in agrarian 
production led to diminishing the range of agricultural 
crops from 10–12 to 3–4. As a rule, these are winter 
wheat, soy, corn, winter rape and sunfl ower.

Unfortunately, the change in production structure 
was based only on temporary market-volatile interests 

not taking into consideration biological, ecological 
and soil-cenotic consequences, which, as the experi-
ence of recent years demonstrates, are negative, en-
hancing the problematic character of solving the main 
task of land use – ensuring extended restoration of 
soil fertility and implementing business programs in 
agrarian production with high indices of quality and 
safety.

The analysis demonstrates that a powerful impact on 
the formation of current short crop rotations was made 
by massive decrease in livestock in the public sector 
of the agroindustrial complex. For instance, in 1990–
2017 keeping cattle in all the categories of Ukrainian 
households decreased from 24.6 to 3.5 million heads 
or almost 7 times. Actual elimination of cattle-breed-
ing at most farms conditioned deep negative changes 
in current agricultural systems. It also led to a sharp 
decrease in employment for rural population which is 
an extremely grave social and economic problem and 
one of the main reasons of village decay. At present, 
some of the most urgent problems in the “agriculture-
livestock” system are as follows:

there is a decrease in the volumes of production and 
introduction of organic fertilizers, which had the most 
negative impact on soils with low humus content and 
higher acidity, the area of which in the country exceeds 
16 million ha;

there has been a sharp reduction in the fi elds of for-
age crops, especially perennial and annual leguminous 
grasses which are effective biologizators;

there has been diversifi cation of using after-harvest 
plant residues, a larger part of which was used for the 
production of organic fertilizers. Currently this kind 
of vegetative production is removed from the fi eld for 
different purposes, including the production of biofuel, 

Fig. 2. The dynamics of humus content in agriculture of the Forest-Steppe, %*. *Built according to the data of the Vinnytsia 
Branch of state institution “Institute of Soil Protection of Ukraine”
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which leads directly to the impoverishment of soil in 
organic matter.

On the background of a high level of soil ploughness 
and removal of organic fertilizers from the fertiliza-
tion system of agricultural crops, there is a decrease in 
humus content, especially on gray forest soils which 
cover over one-third of soils in the region (Fig. 2).

For instance, in 1960–2010 the humus content in 
the Forest-Steppe decreased by 0.17 %, and in 2010–
2017 – by 0.33 % which is a convincing proof of the 
acceleration of soil degradation process. The tempo 
and direction of the latter is greatly impacted by the 
intensifi cation of soil processing systems, the level of 
its ploughness and insuffi cient substantiation of the 
structure of fi elds in short crop rotations. Similar de-
pendences are also remarkable for podzolized cherno-
zem (Table 2).

For instance, long-term land use conditioned the de-
crease in the humus content in podzolized chernozem 
without the introduction of mineral fertilizers – by 
0.54 %, and in case of introducing the medium do-
se – by 0.27 %, whereas annual introduction of 13 t 
of organic fertilizers per hectare of crop rotation area 
promoted the increase in this index by 0.28 % and the 
refusal from the mechanical processing – by 0.92 % 
which ensures extended restoration of soil fertility [4].

It is obvious that in conditions of intensifying agrar-
ian production where agrobusiness deals with a smaller 
range of crops one should change traditional approach-
es to the system of soil processing. Therefore, prefer-
ence should be given to the systems of self-restoring 
agriculture with corrections in the system of protecting 
these crops from harmful objects and the introduction 
of scientifi cally substantiated approaches to the biolo-
gization of their cultivation.

The presented results of the studies demonstrate a 
considerable threat of the increase in the ploughness of 

land without organic and mineral fertilizers, especially 
in conditions of enhancing the aridity. The reduction of 
the share of organic fertilizers in the system of fertiliza-
tion with simultaneous increase in mineral fertilizers, 
mostly presented by physiologically acid kinds, leads 
to inevitable increase in the indices of its acidity.

In the opinion of H.M. Hospodarenko and I.V. Pro-
kopchuk, the reduction of the organic matter and the 
increase in the acidity indices has a negative impact on 
agrophysical and agrochemical indices of soil. There 
was a noted deterioration in its structure and a reduc-
tion in anti-erosion resistance [18].

It is known that the increase in acidity indices blocks 
the ability of useful microbiota of soil, which func-
tions only in case of neutral reaction of the soil solu-
tion [20]. The observations demonstrate that relative 
balance in the “plant-environment-pathogen” system 
shifts towards the latter. There is a sharp increase in 
fungoid diseases, in particular, in fusarioses, on all the 
agricultural crops. There is a higher need of increas-
ing the frequency of introducing fungicides, which 
is an additional load and pressure on ecosystems. At 
the same time, there is higher frequency and duration 
of drought which leads to reduced moisture-retaining 
quality of soil which increases the defi ciency of soil 
humidity [6, 15].

Gradually, modern agrophytocenoses develop a situ-
ation which reminds an endless circle: reduced plant-
ings of leguminous crops in the transformed crop ro-
tations due to the abovementioned reasons lead to the 
impossibility of extending them without any additional 
expenses for melioration even in the presence of imple-
menting this agroevent. The longer the process is, the 
more complicated its consequences will be. Currently 
we do not plant leguminous crops, because there is no 
need of using them, and tomorrow we will not be able 
to sow them if the need arises. Leguminous crops serve 

Table 2. The impact of mineral and organic fertilizers on the indices of humus content and acidity of the soil solution of 
podzolized chernozem (1964–1998)*

Experiment variants Humus content in the arable 
(0–30) soil layer, % рН (КСl)

Initial content
Crop rotation without fertilizers
Introduction of N90P90К90

Introduction of 13 t per hectare of crop rotation area
34-year-long fallow

3.40
2.86
3.13
3.68
4.32

6.2
5.2
4.7
5.4
5.9

*Built using the data [4].
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as a basis of sustainable use of land resources and en-
sure extended restoration of soil fertility [11, 16].

The second component of global changes in agrophy-
tocenoses, which is extremely important, is a constant-
ly increasing defi ciency of moisture provision at the 
background of considerable warming. Soil moisture is 
the main limiting factor at all the stages of develop-
ment of agricultural crops.

The comparison of the main meteorological indices 
of the recent decade (2008–2017) against the previous 
one (1998–2007) demonstrated that the total annual 
amount of precipitation decreased from 616 down to 
584 mm or by 5.2 % including the vegetation period – 
from 300 to 249 mm or by 17 % (Fig. 3).

Here the sum of active temperatures for the veg-
etation period increased by 105°С, and the hydrother-
mal coeffi cient (HTC) decreased from 1.36 to 1.06 or 
by 0.26 d, approximating the indices of the northern 
Steppe (Fig. 4).

At the same time, the planted areas of agricultural 
crops which require a considerable amount of soil mois-

ture and nutrients have increased rapidly and amount to 
60–80 % in current short crop rotations. For instance, 
1 ha of sunfl ower fi elds during the vegetation period 
removes 4–4.5 thousand tons of water from soil, and 1 
ton of seeds – 82 kg of nitrogen, 65 kg of phosphorus 
and 186 kg of potassium [9]. At the same time, dur-
ing this period on most territories of the Forest-Steppe 
region there is 249–300 mm of precipitation, which 
proves the increased defi ciency of productive soil 
moisture. The estimation of water loss due to evapora-
tion demonstrates obvious formation of moisture defi -
ciency even in case of annual amount of precipitation, 
exceeding 500 mm. This situation is observed in the 
Forest-Steppe conditions every 6 years out of 10.

The noted soil moisture defi ciency undermines the 
effi cient application of one of the main intensifi ca-
tion factors – the fertilization system, which inevitably 
leads to the drop in natural soil fertility. In these condi-
tions, the absence or insuffi ciency of organic fertilizers 
in the fertilization system becomes especially tangible.

It gives grounds for the situation when the removal 
of nutrients with the yield of energy-intensive crops 

Fig. 3. The dynamics of mean annual amount of precipitation by the vegetation of plants in the Forest-Steppe conditions, mm

Fig. 4. The indices of the hydrothermal coeffi cient (HTC)*. *Built using the data of the studies of scientists of the Institute of 
Feed Research and Agriculture of Podillia, NAAS [19]
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should be compensated with the relevant amount of 
fertilizers, but the introduction of their required doses 
is undermined by increased soil acidity and soil mois-
ture defi ciency. This approach to the application of land 
resources entails the threat of their gradual degradation 
and requires scientifi cally substantiated approaches to 
their effi cient application, where fertilization systems 
should involve the use of mineral, organic and bacterial 
fertilizers, biological growth stimulators, siderates, etc.

As stated above, a considerable threat to preserving 
land resources is found in the level of their ploughness, 
especially in case of intense tillage. Unfortunately, the 
level of ploughness of agricultural lands in Ukraine is 
the highest in Europe – 76 %, whereas in Great Bri-
tain – 25 %, Germany – 33 %, Hungary – 37 %, Fran-
ce – 48 % [20].

Soil resources are subject to constant degradation due 
to erosion by water and wind, conditioned by the inten-
sifi cation of their use. As known, every year over 15 

million ha of lands are removed from the farming busi-
ness annually, including 8 million ha – for the communal 
needs, 7 million ha – due to degradation. Unfortunate-
ly, mankind has already lost over 2 billion ha of fertile 
lands, these are so called badlands [21]. The scales of 
soil degradation become oppressive, which is noted by 
domestic [3, 10, 14, 15] and foreign researchers [22–30].

The use of land resources in Ukraine is inferior to the 
EU member-states in terms of effi ciency (Table 3).

While Ukraine leaves behind Germany, Poland and 
France by the area of tilled land per caput 5.5 and 2.8 
times respectively, the indices of grain production per 
caput exceed only 2.6, 1.8 and 1.5 times respectively 
[28,32]. This demonstrates the domination of extensive 
approach over the intense one in the development of 
grain production of Ukraine. Therefore, a high level of 
grain production is obtained due to the extension of the 
share of land resources instead of enhancing the perfor-
mance of grain crops.

Table 3. The effi ciency of using land resources, 2017*

*Calculated using the data [28, 31, 32].

European 
countries

Population, 
mln people

Tillage area Produced grain

mln ha per caput, ha Total, mln t per 1 ha 
of grains, t

per 1 ha of 
tilled land, t per caput, t

Germany
France
Poland
Ukraine

82.5
66.9
37.9
42

11.8
18.6
10.8
32.5

0.14
0.28
0.28
0.77

45.9
67.7
31.6
61.9

7.31
7.24
4.27
4.25

3.89
3.64
2.93
1.90

0.56
1.01
0.83
1.47

Table 4. The benchmarking analysis of land use in Ukraine and European countries, 2017 *

Indices Ukraine EU member-states

Field area, million ha
Area of chernozem, million ha
Area of agricultural lands, million ha
Area of arable lands, million ha
Level of ploughness, %
Share of rented agricultural lands, %
Area of agricultural lands, certifi ed as organic ones, million ha
Area of irrigated lands, million ha
Price of investments, thous. $/ha
Export of grains, mln t
Area of agricultural lands per one citizen, ha/person
Price of agricultural land, thous. $/ha

60.4
28

42.7
32.5
76.1
97
0.3
0.5
1.0
41.8
0.77
1.2

437.4
18

178.7
115.7
65.1
53
5.3
11.1
5.5
38.5
0.4
7.2

*Calculated using the data [17, 20, 31].
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Having the largest area of arable land in Europe, 
Ukraine produces twice less grain per 1 ha of tilled land 
compared to Germany, 1.9 times – compared to France, 
and 1.5 times – compared to Poland. About 6–8 kg of 
grain is produced per each unit of the active substance 
of NPK in Ukraine, whereas in the EU member states 
this fi gure amounts to 10–12 kg and more. The area of 
chernozem in Ukraine exceeds that of the EU member-

states 1.6 times, but it covers 87.5 % of the arable land 
structure, whereas in the EU member-states this index 
is only 15.5 % (Table 4).

Regardless of the fact that over 87 % of the land fund 
of Ukraine are constituted by chernozem soils (against 
15 % in the EU member-states), as of January 1, 2018 
their price is 6 times lower compared to the EU mem-

Fig. 5. The model of biologization for agrarian production in conditions of rational land use*. *Elaborated by the authors
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ber-states. In case of high tempo of enhancing the fre-
quency and duration of drought periods as well as their 
extension to traditional zones of suffi cient irrigation, 
the areas of irrigated lands in Ukraine are more than 20 
times smaller than those of the EU member-states and 
constitute only 0.8 %, and the agricultural lands, certi-
fi ed as organic ones, – 0.7 %.

Ukraine has almost twice smaller level of intensifi ca-
tion of land resources compared to the EU member-
states, but exceeds in the level of grain export 1.1-fold 
which demonstrates that the domestic agrarian produc-
tion transforms into Europe’s source of raw materials.

Therefore, deep changes of both anthropogenic and 
natural origin have been taking place in Ukraine’s 
agrarian production within recent decades. The cumu-
lative and synergetic impact of these changes has cre-
ated serious risks in current agriculture systems. This 
impact has become especially tangible within the re-
cent decade, the most relevant consequences being 

– the transformation of multiple fi eld crop rotations 
into short rotations under the pressure of market-vola-
tile relations. There has been a sharp reduction in the 
planting area of leguminous crops. There is enhanced 
intensifi cation of cultivating market crops in short rota-
tions without the preservation of fruit variability;

– the defi ciency of soil moisture and growing ten-
dencies to increased acidity of soil undermine the ef-
fi ciency of one of the main intensifi cation components 
– fertilization system. The removal of nutrients with 
the harvest is not completely compensated with their 
subsequent introduction. The provisions of the law of 
returning are not followed which leads to the impov-
erishment of soil in organic matter and their degrada-
tion;

– there is a reduction in the yearly amount of pre-
cipitation and its amount within the period of active 
vegetation of plants, an increase in the sum of active 
temperatures, a decrease in the index of hydrothermal 
coeffi cient, which approximates the values, remarkable 
for the northern Steppe. There is increased loss of soil 
moisture.

Therefore, domestic agrarian production requires 
close monitoring in terms of rational land use with the 
consideration of the experience of the EU member-
states and elaboration of countermeasures to destruc-
tive degradation processes. There should be changes 
to current intensifi cation of agrarian production which 
in most current cases is not only ineffi cient, but also 
loss-making. We suggest a model of biologization for 

agrarian production in conditions of rational land use 
(Fig. 5).

The principles of agriculture biologization and bio-
sphere stability as an integral system foresee a systemic 
approach to selecting the varieties of agricultural crops 
with high adaptive properties, the introduction of a crop 
rotation with fruit variability taking into consideration 
their biological requirements, the cultivation technolo-
gies and impact on soil fertility.

Therefore, such agriculture systems should foresee 
the cultivation of perennial grasses, annual legume-
grasses in intermediate plantings similar to No-till 
technology.

There are changes to the introduction of mineral, 
organic, and bacterial fertilizers, the principles of ad-
equacy for regulation of harmful objects (pests, dis-
eases and weeds) are implemented to preserve relative 
balance in the agroecosystems. In biological farming 
we should view soil in absolutely different light as the 
main means, as a commodity, and a biological object. 
Soil, as a living substance in agroecosystems, should 
have active soil biota.

Therefore, we believe that in the conditions of cli-
mate change and taking into consideration biological, 
ecological, and soil-cenotic processes, current tech-
nologies in agriculture are not capable of ensuring the 
implementation of business programs and extensive 
restoration of soil fertility.

CONCLUSIONS

Long-term intensifi cation of agrarian production 
violated the main principle of interaction between 
the agriculture and cattle-breeding which does not 
provide for effi cient combination and use of current 
systems of crop rotations, fertilization, processing, 
protection, varietal resources and material-techni-
cal supply. The evolution of studies proves that the 
principle of fruit variability is not followed in the 
transformed crop rotations. In conditions of climate 
change in the Forest-Steppe there was a noted pro-
longation of the duration of the vegetation period – 
for 15–20 days, the increase in the sum of positive 
temperatures by 105–250 °С, the decrease in the 
index of hydrothermal coeffi cient up to 1.0 and the 
amount of precipitation from 616 mm to 584 mm. 
Therefore, the biologization of agrarian production 
should be aimed at rational use of land resources, 
their protection from degradation, preserving and 
enhancing soil fertility and sustainable land use in 
time as well as effi cient management of soil biota 
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and life factors of agricultural crops with the consid-
eration of their biological requirements.

Біологізація землеробства 
в умовах трансформаційних змін 
аграрного виробництва України

В. Ф. Петриченко, О. В. Корнійчук, І. С. Воронецька
e-mail: petrichenko.vasil@gmail.com, 
o.kornychuk@ukr.net, pirogovo@i.ua

Інститут кормів 
та сільського господарства Поділля НААН
пр-кт Юності, 16, м. Вінниця, Україна, 21100 

Мета. Висвітлити особливості трансформаційних змі-
ни землекористування в аграрному виробництві з точ-
ки зору рівня родючості ґрунтів та ефективності зем-
леробства в Україні. Здійснити порівняльний аналіз 
ефективності використання земельних ресурсів в різних 
країнах Європи. Обґрунтувати підходи щодо біологіза-
ції землеробства в умовах інтенсифікації агарного ви-
робництва та змін клімату. Методи. Спостереження, 
порівняння, аналіз та синтез, системний аналіз і прогноз. 
Результати. Проаналізовано результати багаторічних 
фундаментальних та прикладних досліджень щодо 
впливу інтенсифікації землеробства на рівень продук-
тивності аграрного виробництва. Проведено бенч-
маркінг-аналіз ефективності використання земельних 
ресурсів в Україні та країнах Європи. Встановлено, що 
в результаті господарської діяльності порушено основ-
ний принцип взаємодії галузі землеробства й тва-
ринництва, що не дозволяє ефективно поєднувати й
використовувати фактори інтенсифікації, не дотриму-
ється принцип плодозмінності при впровадженні ко-
роткоротаційних сівозмін насичених ринковими куль-
турами. Висновки. Ефективність аграрного вироб-
ництва в умовах трансформаційних змін залежить від 
біологізації землеробства, яка повинна бути спрямова-
на на раціональне використання земельних ресурсів, 
захисту їх від деградації, збереження й підвищення 
родючості ґрунтів та сталого землекористування в часі, 
використанні факторів життя сільськогосподарських 
рослин з врахуванням їх біологічних вимог. 

Ключові слова: ґрунтові ресурси, інтенсифікація, плодо-
змінність, родючість, гідротехнічний коефіцієнт, земле-
робство, біологізація. 

Биологизация земледелия 
в условиях трансформационных изменений 

аграрного производства Украины

В. Ф. Петриченко, А. В. Корнийчук, И. С. Воронецкая,
e-mail: petrichenko.vasil@gmail.com, 
o.kornychuk@ukr.net, pirogovo@i.ua

Институт кормов и сельского хозяйства Подолья НААН
пр-кт Юности, 16, г. Винница, Украина, 21100

Цель. Осветить особенности трансформационных из-
менений землепользования в аграрном производстве с 
точки зрения уровня плодородия почв и эффективнос-
ти земледелия в Украине. Осуществить сравнительный 
анализ эффективности использования земельных ре-
сурсов в разных странах Европы. Обосновать под-
ходы к биологизации земледелия в условиях интен-
сификации аграрного производства, а также изменений 
климата. Методы. Наблюдение, сравнение, анализ и
синтез, системный анализ и прогноз. Результаты. Про-
анализированы результаты многолетних фундаменталь-
ных и прикладных исследований по влиянию интен-
сификации земледелия на уровень производительности 
аграрного производства. Проведено бенчмаркинг-ана-
лиз эффективности использования земельных ресурсов 
в Украине и странах Европы. Установлено, что в ре-
зультате хозяйственной деятельности нарушен основ-
ной принцип взаимодействия отрасли земледелия и 
животноводства, не позволяет эффективно сочетать 
и использовать факторы интенсификации, не соблю-
дается принцип плодоизменения при внедрении ко-
роткоротационных севооборотов, насыщенных рыноч-
ными культурами. Выводы. Эффективность аграрного 
производства в условиях трансформационных изме-
нений зависит от биологизации земледелия, которая 
должна быть направлена на рациональное использова-
ние земельных ресурсов, защиты их от деградации, 
сохранения и повышения плодородия почв и устойчи-
вого землепользования во времени, использовании 
факторов жизни сельскохозяйственных растений с уче-
том их биологических требований.

Ключевые слова: почвенные ресурсы, интенсифика-
ция, плодородие, гидротехнический коэффициент, зем-
леделие, биологизация.
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INTRODUCTION

One of the top priority tasks of all the civilized coun-
tries is ensuring the development of bioenergetics, pre-
serving natural resources and searching for new sourc-
es of alternative energy. Recent years have witnessed 
a considerable interest to the new crop, Miscanthus ×
× giganteus, which is among the most promising plants 
to obtain biofuel of organic origin – ecologically pure 
and renewable source of energy [1]. By-products of 
plant origin (straw, corn stalks, etc.) and dedicated en-
ergy plants may also be used as energy commodity [2, 
3]. One of these plants is a tree-like grass – miscanthus. 
Miscanthus × giganteus, an allotriploid hybrid, remar-
kable for a considerably higher biomass gain compared 
to other species, is of the highest interest for biofuel 

production. This crop has a number of advantages 
compared to other energy crops: high biomass perfor-
mance, positive energy balance, easy maintenance in 
soil, drought resistance [4].

Miscanthus × giganteus is a large warm-season Asian 
grass and a novel leading bioenergy crop in Asia, Eu-
rope and North America [5, 6]. The experience of Eu-
rope demonstrates that miscanthus has high biological 
performance of biomass in a wide geographical range 
of moderate climatic regions, including marginal lands 
[7, 8]. It is not grown much in Ukraine yet, however, 
the interest to this energy crop is increasing consistent-
ly, as it can yield up to 20 t/ha of dry matter in favorable 
weather conditions.

Many authors studied and developed novel biotech-
nological methods of reproducing miscanthus and elab-
orating new initial forms to enhance genetic variability 
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of current species from the standpoint of using them 
as bioenergetics commodity [9–11]. In order to ac-
celerate the selection process, there are biotechnology 
methods, used to obtain a suffi cient amount of material 
for studies in a short period of time [12]. Solving this 
problem is related to the search for the ways of direct 
morphogenesis in vitro in the culture medium and the 
possibility of regulating these ways in the controlled 
experimental conditions in vitro.

The aim of the work. To obtain planting material 
of Miscanthus × giganteus in a large amount in order 
to study the peculiarities of morphogenesis of isolated 
meristem culture.

MATERIALS AND METHODS

The material of the study was dormant buds of 3-year-
old rhizomes of Miscanthus × giganteus. 70 % ethanol 
and 0.1 % solution of HgCl2 were used for steriliza-
tion. The explants were sterilized for 1.5 min in 70 % 
ethanol and for 22 min in the solution of 0.1 % mercury 
bichloride with subsequent washing in three portions 

of water for 7–10 min. Sterile explants were placed 
into tubes with 10 ml Murashige and Skoog (MS) non-
hormone culture medium [13] with subsequent trans-
fer to the modifi ed culture MS medium: MSR1 (MS +
+ BAP (0.2 mg/l)) and MSR2 (MS + BAP (0.75 mg/l) +
+ kinetin (1.2 mg/l)). The biological replication was 
40 plants.

Miscanthus sprouts were rooted in MS medium, 
supplemented with half-dose of macro- and microel-
ements without growth regulators. The explants were 
cultivated in the cultural room at 23–25 ºС, relative 
air humidity of 60–70 % and illumination of 3,000 lx, 
photoperiod – 16 h. The plants were adapted to in vivo 
conditions in the climate chamber (Rubarth Apparate 
GmbH RUMED, Germany) using different soil mix-
tures: 1) peat: sand : perlite (2 : 1 : 1), 2) peat : sand 
(2 : 1), 3) peat : perlite : soil (2 : 2 : 1) at 24–
25 °С, humidity of 70–80 %, illumination intensity – 
1,500 lx, photoperiod – 16 h. The obtained results 
were statistically processed using Microsoft Offi ce 
Excel 2010 package.

RESULTS AND DISCUSSION

Our studies demonstrated that the highest percent-
age of sterile dormant buds (70 %) was obtained by 
keeping them consistently in 70 % C2H5OH (1.5 min) 
with further transfer into 0.1 % solution of HgCl2 
(22 min) and washing three times in sterile distilled 
water. The extracted dormant buds started enlarging on 
the 5th–6th day after planting into the culture medium. 
On days 8–10, they were transferred into the culture 
media MSR1 and MSR2. The effi ciency of selected me-
dia was estimated by the following indices: the length 
of sprouts, their number and frequency of multiple til-
lering. The measurements of morphometric indices and 
the calculations of quantitative data were performed for 
30 days (Table 1).

During the fi rst three weeks of cultivation, the regen-
eration processes in isolated miscanthus plants were 
most active in the presence of a larger amount of BAP 

Table 1. The impact of the culture medium composition on the development of Miscanthus × giganteus meristem cultures

No. of the 
culture 

medium

Composition 
of the culture medium

Sprout length, 
mm

Number of 
sprouts,

it./explant

Reproduction 
coeffi cient

MSR1

MSR2

MS + BAP (0.2 mg/l) + saccharose 
(30 mg/l)

MS + BAP (0.75 mg/l) and kinetin 
(1.2 mg/l) + saccharose (30 mg/l)

4.6 ± 0.9

13.3 ± 1.0

2.8 ± 0.5

5.2 ± 0.6

4.6 ± 1.1

11.4 ± 1.2

Fig. 1. The cultivation of miscanthus sprouts in the media of 
different composition (a – MSR1, b – MSR2)
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and kinetin in the culture medium. According to our 
observations, kinetin (1.2 mg/l) promoted the forma-
tion of buds and additional sprouts. 

There is a known scientifi c fact that some cytokins 
are capable of removing apical domination and lead-
ing to awakening of accessory buds. In our studies the 
addition of BAP (0.75 mg/l) caused active formation 
of 3–7 additional sprouts on the 4th–5th week of cultiva-
tion. It should be noted that saccharose (30 mg/l) was 
found to be a favorable source of carbohydrates at this 
stage of cultivating isolated explants. 

The studies demonstrated that the optimal culture 
medium for regeneration of microsprouts was MSR2, 
supplemented with BAP (0.75 mg/l) and kinetin (1.2 
mg/l). Here the frequency of regeneration of sprouts 
was 90.0–100.0 % with the development of the main 
sprout and multiple tillering with the frequency of 
85.0–100.0 % (Fig.1).

Noteworthy is the rhizogenesis process. The rooting 
of Miscanthus × giganteus sprouts in vitro depended 
on the size of a sprout and the number of passages 
performed. The 5–6-cm-long sprouts (8–9-week-old) 
were transferred to MS culture medium with half-dose 
of macro- and microelements without growth regula-
tors. Miscanthus × giganteus plants demonstrated their 
capability of normal development in this culture me-
dium. The formation of the root system was observed 
on the 8–11th day of cultivation (Fig. 2). 

After the formation of the root system, the laboratory 
plants started growing actively, doubling and even tri-
pling in their sizes within 7 days with active formation 
of leaves. There were 4–10 roots of 1.5 cm on average 
obtained per one sprout. On the 30th day of cultivation 
the number of roots was in the range from 9 to 22, and 
their length was from 4 to 13 cm (Table 2). The fre-
quency of rooting was 95.0–97.0 %. 

The 12–14-week-old laboratory plants (depending on 
the cultivation period in the rooting medium) can be fur-
ther grown in a greenhouse. Regenerate plants of 5–7 cm 
with a well-developed root system were carefully extract-
ed with forceps, their roots were thoroughly washed from 
the culture medium (to prevent rotting and perishing of 
plants) and they were planted into different soil substrates.

Fig. 2. The rhizogenesis of Miscanthus × giganteus

Table 2. The rooting of Miscanthus × giganteus in vitro

Day Average number of 
roots per plant, it.

Average length 
of roots, cm

10
20
30
10

6.3 ± 0.3
10.5 ± 0.5
14.1 ± 0.7

6.3 ± 0.3

1.5 ± 0.07
4.3 ± 0.2
9.6 ± 0.5
1.5 ± 0.07

Fig. 3. The survivability of Miscanthus × giganteus regenerate plants in soil substrates
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Three different sterile substrates were used to adapt 
regenerate plants: No. 1 – peat:sand:perlite (2:1:1); No. 
2 – peat:sand (2:1); No. 3 – peat:perlite:soil (2:2:1) 
(Fig. 3). The plants were watered with distilled water 
regularly.

It is evident that substrate No. 1 was found to be 
the most effi cient for miscanthus plants, as, contrary 
to substrates Nos. 2 and 3, it promoted fast rooting, 
growth and development of sprouts. Four-fi ve weeks 
later the plants showed the formation of 3–4 leaves and 
fi broid root system. In these conditions the survivabil-
ity of microplants was 91–95 %.

Therefore, a series of studies was conducted to inves-
tigate the peculiarities of morphogenesis of Miscanthus 
× giganteus isolated meristems.

CONCLUSIONS
The peculiarities of morphogenesis in Miscanthus 

× giganteus were studied in culture in vitro. The fre-
quency of regeneration of sprouts was 90.0–100.0 %, 
there was noted development of the main sprout and 
multiple tillering with the frequency of 85.0–100.0 %. 
The most suitable substrate for adaptation of miscan-
thus to in vivo conditions was peat : sand : perlite in 
the ratio of 2:1:1, the survivability of regenerate plants 
was 91–95 %.

Морфогенез in vitro Miscanthus × giganteus
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Мета. Для отримання у великій кількості посадкового 
матеріалу міскантусу гігантського дослідити особливос-
ті морфогенезу в культурі ізольованих меристем Mis-
canthus × giganteus. Методи. Стерилізацію експланта-тів 
проводили використовуючи 70%-ний розчин етилового 
спирту та 0,1%-ний розчин сулеми. Надалі використо-
вували методи культивування і розмноження рослин 
in vitro та статистичну обробку отриманих результатів. 
Результати. Наведено результати отримання рослин-
регенерантів міскантусу зі сплячих бруньок, видалених 
із коренів трирічних рослин Miscanthus × giganteus. 
Оптимальним для регенерації мікропагонів виявилось 
живильне середовище Мурасіге-Скуга, доповнене 6-
бензиламінопурином та кінетином у концентрації 
0,75 мг/л та 1,2 мг/л відповідно. При цьому частота 
регенерації пагонів була максимальною і становила 
95 %, також спостерігався розвиток основного пагону 
та множинне пагоноутворення. Укорінення отриманих 
пагонів проводили на середовищі Мурасіге-Скуга з

половинним вмістом макро- і мікроелементів без до-
давання регуляторів росту. Частота укорінення складала 
95,0–97,0 %. Для адаптації міскантусу до умов in vivo 
найкращим виявився субстрат торф : пісок : переліт у 
співвідношенні 2 : 1 : 1, при цьому приживлюваність 
рослин-регенерантів становила 91 %. Висновки. У ре-
зультаті проведених досліджень вивчено особливості 
морфогенезу в культурі in vitro рослин міскантусу 
(Miscanthus × giganteus). Частота регенерації пагонів 
становила 90,0–100,0 %, відбувався розвиток основного 
пагону і множинне пагоноутворення з частотою 85,0–
100,0 %. Для адаптації міскантусу до умов in vivo 
найкращим виявився субстрат торф : пісок : перліт у 
співвідношенні 2:1:1, приживлюваність рослин-регене-
рантів становила 91–95 %.

Ключові слова: міскантус, енергетична культура, ре-
генерація, in vitro, морфогенез.
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Цель. Для получения в большом количестве посадоч-
ного материала мискантуса гигантского исследовали 
особенности морфогенеза в культуре изолированных 
меристем Miscanthus × giganteus. Методы. Стерили-
зацию эксплантатов проводили, используя 70%-ный 
раствор этилового спирта и 0,1%-ный раствор сулемы. 
В дальнейшем использовали методы культивирования 
и размножения растений in vitro и статистическую 
обработку полученных результатов. Результаты. При-
ведены результаты получения растений-регенерантов
мискантуса из спящих почек, выделенных вместе с 
ризом из корней трехлетних растений Miscanthus × gi-
ganteus. Оптимальной для регенерации микропобегов 
оказалась питательная среда Мурасиге-Скуга, допол-
ненная 6-бензиламинопурином и кинетином в кон-
центрации 0,75 мг/л и 1,2 мг/л соответственно. При 
этом частота регенерации побегов была максимальной 
и составила 95 %, наблюдалось развитие основного 
побега и множественное побегообразование. Укоре-
нение полученных побегов проводили на среде Му-
расиге-Скуга с половинным содержанием макро- и 
микроэлементов без добавления регуляторов роста. 
Частота укоренения составляла 95,0–97,0 %. Для 
адаптации мискантуса к условиям in vivo наилучшим 
оказался субстрат торф : песок : перлит в соотноше-
нии 2 : 1 : 1, при этом приживаемость растений-
регенерантов составляла 91 %. Выводы. В результате 
проведенных исследований были изучены особенности 
морфогенеза в культуре in vitro растений мискантуса 
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(Miscanthus × giganteus). Частота регенерации побе-
гов составляла 90,0–100,0 %, происходило развитие 
основного побега и множественное побегообразование 
с частотой 85,0–100,0 %. Для адаптации мискантуса к 
условиям in vivo лучшим является субстрат торф : песок: 
перлит в соотношении 2 : 1 : 1, приживаемость расте-
ний-регенерантов составила 91–95 %.

Ключевые слова: мискантус, энергетическая культура, 
регенерация, in vitro, морфогенез.
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INTRODUCTION

The culture in vitro and microclonal propagation of 
plants is a promising method, which allows obtaining 
large amounts of qualitative planting material of fruit 
plants and berries in short periods of time, on small 
areas, and regardless of weather conditions. The tech-

nology of microclonal propagation of any culture con-
sists of four main stages: introduction of an initial form 
into the sterile culture, propagation proper, rooting of 
propagated microsprouts and their adaptation to grow-
ing in soil.

The introduction into the culture is one of the stages, 
which is high cost- and labor-consuming. Successful 
conducting of this stage requires selecting the phase of 
active physiological development of a plant and the cor-
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Aim. To propagate edible honeysuckle (Lonicera edulis Turcz) in in vitro conditions; to study the impact of 
sterilization agents on honeysuckle explants; to investigate the impact of the culture medium composition on 
the coeffi cient of propagation and rooting; to study the capability to adapt to in vivo conditions. Methods. 
Laboratory, mathematical, estimation and comparison. Results. The impact of sterilizing substances on obtain-
ing the aseptic culture of edible honeysuckle in in vivo conditions was studied. The experiments were con-
ducted on the following species: Alicia, Spokusa, Chaika, Nimfa, Doch Velikana, Karina. Lisoformin 3000 and 
mercury chloride were used as sterilizing agents. In the variant with Lisoformin 3000 it was studied in three 
exposures – 5, 7, and 10 minutes. In terms of explant regeneration effi ciency after sterilization with Lisofor-
min 3000, three groups of edible honeysuckle species were isolated: 1 – with high regeneration capacity (94–
96 %) – Alicia, Karina and Spokusa; 2 – medium capacity (86–87 %) – Chaika and Doch Velikana, 3 – low 
capacity (80 %) – Nimfa. The experiments aimed at studying the impact of culture medium components on the 
propagation effi ciency determined the increase in the latter in case of rotating media with different quantitative 
and qualitative composition. Permanent application of uniform media leads to a sharp decrease in the prolif-
eration coeffi cient in all the investigated species. Both hormone-free medium and the medium with growth 
regulators are effi cient for rooting. High indices of rooting were achieved in both variants. The use of auxins 
promoted the formation of a larger amount of plant roots (from 3.09 in Spokusa to 4.21 in Alicia) which in its 
turn impacted the survivability of plants in in vivo conditions. Conclusions. It was established that Lisoformin 
3000 in the concentration of 3 % and at the exposure duration of 5 min ensured optimal effi ciency of steriliza-
tion and regeneration of edible honeysuckle explants and did not decrease their propagation coeffi cients. With 
corresponding concentrations and sterilization duration, this preparation may be recommended for obtaining 
the aseptic culture of honeysuckle. It was demonstrated that the rotation of media, rich and poor in macro- and 
microsalts was effi cient for obtaining high indices of proliferation: the plants had a larger amount of tillering 
even in case of using not high concentrations of cytokinin. The introduction of rhizogenesis inducer, IBA, 
(1 mg/l) into the culture medium did not increase the percentage of rooted plants compared to hormone-free 
medium, but stimulated the formation of a larger amount of roots, which had further positive impact on the 
adaptation properties.

Keywords: honeysuckle, sterilization, proliferation, rooting, adaptation, explant, in vitro.
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responding sterilizing agents. The selection of a steri-
lizing agent depends on its effi ciency and impact on the 
further development of a plant in general. At present, 
the most effi cient preparations are based on mercury, 
but their toxicity inhibits further development of mi-
croplants [1]. For instance, while using 0.10 % solution 
of mercury chloride (HgCl2) to obtain the aseptic cul-
ture of honeysuckle, species Cheliabinka and Duet, the 
regeneration from initial explants was only 65.9 % and 
64.9 % respectively [2]. The increase in the concentra-
tion up to 0.15 % ensured the yield of sterile explants 
at the level of 95 %, 67.5 % of which regenerated fur-
ther [3]. While using 0.2 % mercury sulphate (HgSO4), 
the proliferation was observed in 54.43 % explants, 
and 4.57 % did not develop at all [4]. Lisoformin 3000 
was successfully used for sterilization of explants of 
decorative and fruit and berry crops of 29 varieties of 
14 species of 13 genera which belonged to 3 families 
[5]. Other sterilization agents, such as sodium and cal-
cium hypochlorite or hydrogen peroxide did not ensure 
satisfactory yield of sterile explants, thus, the search 
for effi cient and less toxic sterilization agents to obtain 
the aseptic culture of edible honeysuckle is an urgent 
problem.

At the proliferation stage the explants start forming 
side sprouts. The main task of this stage is obtaining 
the maximal amount of microplants, identical to the 
initial one. At this stage, the determining role belongs 
to variety-wise specifi cities of the explant, its structure, 
origin, composition of the culture medium and physical 
conditions of cultivating. The composition of the medi-
um, the cultivation conditions, different manipulations 
with explants, the subcultivation duration should en-
sure the optimal propagation coeffi cient 1 : 5–10, and 
the number of passages should not exceed 10–15 [6]. 
The culture media of Murashige and Skoog (MS) with 
saccharose, agar-agar, physiologically active substanc-
es, phytohormones are usually used at this stage [7]. 
The rotation of media stimulates the development of a 
larger number of microplants compared to the control 
(MS) [8]. The increase in the propagation coeffi cient to 
the maximal indices may be achieved by the replace-
ment of standard growth stimulators, BAP, with CPPU-
N-(2-chloro-4-pyridyl)-N-phenylurea) 0.7 mg/l [9]. 

The rooting of plants is the fi nal stage of microclonal 
propagation. The process of forming adventive roots 
consists of three stages: induction (prior to the begin-
ning of the cell distribution), initiation (differentiation 
of meristems to root primordia) and the appearance of 
roots beyond the stem part of the sprout. Root meri-

stems of microcuttings are more often formed in the 
places where cambium and phloem have been crossed 
by medullary rays [10]. The fi rst two stages last for 10–
15 days, when the cells obtain the capability of forming 
the meristem areas, where the synthesis of root-specifi c 
proteins starts. At the rooting stage of honeysuckle mi-
crocuttings, the Murashige and Skoog medium is most 
frequently used with the decrease in the content of 
macrosalts two and even four times (for L. edulis) [11]. 
The most universal inducer of root formation is IBA in 
the concentration of 0.2–1.0 mg/l. The increase in the 
content of IBA in the medium up to 4 ml/l leads to the 
decrease in the number of rooted plants down to 83 %, 
whereas the combination of indole butyric and indole 
acetic acids (2 ml/l and 2.5 ml/l respectively) leads to 
the increase in the number of rooted plants up to 95 %. 
Here the number of roots is 4 ± 1.38 per explant, which 
at the end has a negative impact on the adaptation of 
honeysuckle plants [12]. As a rule, higher concentra-
tions inhibit the rooting and cause intense development 
of the early callus [13]. 

Adaptation and completion of growing is the last 
stage of all the procedures, resulting in obtaining high 
quality planting material. This is one of the key stages 
of microclonal propagation. In vitro propagation condi-
tions differ from in vivo conditions by a higher level of 
humidity, a different composition of salts and constant 
stimulation using growth regulators.

Long-term existence of plants in these conditions 
leads to different changes. Plant stomata stop working, 
leaves lose the ability to have active photosynthesis, 
the formed root system does not provide a plant with 
a complete volume of required elements from the soil 
mixture. Thus, the transfer to non-sterile conditions 
creates a stress for a plant organism, which, in its turn, 
leads to the death of the plant in most cases. Loss and 
intake of water should be controlled to decrease the 
stressful situation.

Firstly, humidity should be maintained close to 100 % 
with relative sterility of the substrate. It was established 
that a functioning root system is formed in microplants 
within 2–4 weeks. The stomata start functioning on the 
10th–14th day after the transfer. Plants may perish due 
to sharp decrease in air humidity. The second stage of 
adaptation is gradual decrease in air humidity in the 
zone of the aboveground part of plants. This is the pe-
riod when the conditions, close to natural ones, should 
be created for the growth and development of plants, as 
they would promote more active vegetation. During the 
adaptation, high relative humidity of 75–90 % is main-



AGRICULTURAL SCIENCE AND PRACTICE   Vol. 5   No. 2   201820

ZAPOLSKY et al.

tained in hothouses and the air temperature – at 22–
28 °С, with the illumination of 2–5 thousand lx at the 
photoperiod of 15–18 h [14]. The effi ciency of adapta-
tion stage is determined by the specifi cities of the crop 
and the terms of transferring plants into the substrate. 
In case of such crop as currant, high adaptation effi -
ciency is the main problem of the whole technology of 
microclonal propagation. As a total, plants, propagated 
via tissue culture, differ by their high adaptation abil-
ity to non-sterile conditions, which amounts up to 91–
98 % [15]. Up to autumn, the planting material is ready 
for commercial realization or to being planted in the 
nursery garden. These plants are more frequently ahead 
in the development compared to the cuttings, obtained 
from stiffened cuttings, and after the completion cul-
tivation they form a more powerful aboveground part 
compared to the plants, obtained by traditional ways of 
propagation [16].

Aim. To study the main stages of honeysuckle propa-
gation in in vitro conditions, to investigate the impact 
of new sterilization agents on obtaining sterile ex-
plants, to select the media by their composition to in-
crease proliferation and rooting coeffi cients, to study 
the adaptation of plants to in vivo conditions.

MATERIALS AND METHODS

The experiments were conducted in 2015–2018 in 
the department of virology, improvement and propaga-
tion of fruit and berry crops of the Institute of Horti-
culture, NAAS of Ukraine. The explants of the follo-

wing varieties of edible honeysuckle (Lonicera edulis 
Turcz. of Caprifoliaceae) were used for sterilization): 
Alicia, Spokusa, Chaika (Ukraine), Karina (Poland), 
Doch Velikana, Nimfa (Russia). The selection of stiff-
ened sprouts with dormant buds was performed in early 
spring (February–April). As honeysuckle has buds of 
mixed composition, explants (5–10 mm), germinated 
in controlled conditions, were selected for sterilization 
from each genotype. The explants were selected direct-
ly from the sprouts of honeysuckle plants after the for-
mation of young increment with 2–3 internodes. The 
sterilization was conducted using sodium hypochlorite, 
alcohol, mercury chloride solution (control) and Liso-
formin-3000. The fi rst sterilization variant consisted of 
the following stages: 1) treating explants in sodium hy-
pochlorite solution – 20 min with subsequent washing 
in water; 2) sterilizing with alcohol (С2Н5ОН) – 20 sec 
with washing in water; 3) sterilizing in 0.1 % mercury 
chloride solution (HgCl2) – 2 min with three washings 
in sterile distilled water. In the second variant, the mer-
cury chloride solution was replaced by 3 % solution of 
Lisoformin and the sterilization was conducted for 5, 7 
and 10 min. The explants were planted in Murashige-
Skoog medium [17], containing 0.5 mg/l BAP. The 
propagation was conducted via direct morphogenesis 
on the media of MS, DKW [18], WPM [6], and their 
rotation with the addition of 6-benzylaminopurine 
(BAP), 1 mg/l, indole butyric acid (IBA) and gibberel-
lic acid, 0.1 mg/l each, 8 g/l agar-agar and 30 g/l sac-
charose. The rooting was conducted in Murashige and 
Skoog medium without growth regulators (control) and 

Table 1. The impact of sterilization agents on the effi ciency of sterilization and regeneration of honeysuckle explants, %

Variety
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Lisoformin 3000
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Karina
Alicia
Spokusa
Chaika
Doch Velikana
Nimfa

100
100
100
100
100
100

69
67
61
63
59
56

100
100
100
95

90.8
93.6

95
96
94
87
86
80

100
100
100
100
100
100

97
95
91
88
76
78

100
100
100
100
100
100

95
92
87
86
73
74

For regeneration effi ciency by experiment variants НІР05 = 2.1
For regeneration effi ciency of varieties НІР05 = 2.7
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with the addition of 1 mg/l IBA. The adaptation was 
conducted in conditions of maintaining high humidity 
and temperature of 24–27 °С, using peat-sand mixture 
to enhance aeration and drainage conditions of the 
substrate. The plants, rooted in aseptic conditions, and 
rootless plants, which were rooted directly in peat-sand 
mixture, were used for adaptation. The calculation of 
sterilization indices was performed on the 7th day in the 
percentage ratio of sterile explants to the total number 
of the introduced ones. The effi ciency of regeneration, 
the coeffi cient of propagation (proliferation) and root-
ing were estimated on the 21st day. The effi ciency of 
regeneration was estimated in the percentage ratio of 
regenerated explants to the total number of obtained 
sterile explants. The coeffi cient of propagation (prolif-
eration) was estimated via the ratio of the number of 
obtained microplants, within 6–7 passages depending 
on the variety on average, to the plants, planted at the 
initial passages. The rooting coeffi cient was estimated 
via the percentage ratio of the rooted microplants to the 
total number of the ones, planted for rooting.

RESULTS

Lisoformin 3000 was fi rst used by us to obtain the 
aseptic culture of edible honeysuckle. It contains gly-
oxal (7.5 %), glutaric aldehyde (9.5 %), didecyldimeth-
ylammonium chloride (9.6 %) and different additional 
ingredients. The preparation has bactericidal (including 
sporocidal), virucidal, and fungicidal effect. In case of 
using 1–3 % Lisoformin solution for 5–7 min, a high 
yield of viable explants (70–95 %) was obtained for 
some rare and endangered kinds of plants while steril-
izing seeds, isolated germs and segments of tubers [5].

The sterilization procedures were proven to be suc-
cessful for all the experiment variants and ensured the 
yield of sterile explants from 90 to 100 % (Table 1). 

The number of viable explants differed considerably 
depending on the variety, duration of sterilization pro-
cedures and sterilization agent. In the control variant 
this index fl uctuated from 56 % (Nimfa) to 69 % (Kar-
ina). The number of viable explants was considerably 
higher (from 73 till 97 %) while using  Lisoformin com-
pared to the control. This comparison gives us all the 
grounds for the conclusion about the fact that the use 
of Lisoformin solution as a sterilization agent ensures 
a high level of sterility and does not have any toxic 
impact on the process of regeneration of explants, and 
thus may be recommended for obtaining the aseptic 
culture of honeysuckle.

Three groups of varieties were isolated in the vari-
ant with Lisoformin with the exposure of sterilization 
for 5 min in terms of regeneration effi ciency: with high 
regeneration ability (94 %–96 %) – A licia, Karina and 
Spokusa; medium (86%–87%) – Chaika and Doch Ve-
likana, and low capacity (80 %) – Nimfa.

In case of exposure for 7 and 10 min, variety-wise 
specifi cities of regeneration were mainly preserved – 
high regeneration ability was noted for varieties Ali-
cia and Karina, and low ability – Doch Velikana and 
Nimfa.

In case of increasing the sterilization regeneration 
from fi ve to seven minutes, there is an increase in re-
generation capacity of plants for varieties Alicia, Kar-
ina, Chaika, Nimfa, but as for varieties Spokusa and 
Doch Velikana, this index is somewhat lower. Further 
decrease in the regeneration capacity of most varieties 
was observed while prolonging the sterilization dura-
tion up to 10 min (Table 1).

Thus, the variant with the shortest duration of ster-
ilization using Lisoformin 3000 – 5 min – should be 
considered to be the best variant. 

However, the sterilization agents and the duration of 
their application impacted not only the effi ciency of 
sterilization and regeneration of honeysuckle explants, 
but also the coeffi cients of propagation of the latter (Ta-
ble 2). The studies established that the use of Lisofor-
min for sterilization purposes increased the coeffi cient 
of propagation for explants of all the studied varieties 
considerably. Compared to the control (0.1 % HgCl2, 2 
min), in the variant with Lisoformin and exposure for 

Fig. 1. The aseptic explant of honeysuckle, Alicia variety
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Table 2. The propagation coeffi cients for the explants of honeysuckle varieties in vitro

Variety 0.1 % HgCl2 – control
Lisoformin 3000

Sterilization duration, min
5 7 10

Karina
Alicia
Spokusa
Chaika
Doch Velikana
Nimfa

2.46
1.58
1.92
1.66
1.5
1.66

3.45
2.34
2.58
2.47
2.04
2.38

3.36
2.17
2.21
2.02
1.93
1.99

3.06
2.02
2.1
1.99
1.87
1.89

By experiment variants НІР05 = 0.30

By varieties НІР05 = 0.24

Table 3. The propagation coeffi cients for explants of honeysuckle varieties in vitro on different media

Variety
Murashige and Skoog (MS)

Passages and propagation coeffi cients
1 2 3 4 5

Karina
Alicia
Spokusa
Chaika
Doch Velikana
Nimfa

1.9
1.82
1.72
1.66
1.54
1.69

3.15
3.02
2.94
2.95
3.01
2.92

3.05
2.04
2.48
2.49
2.84
2.78

2.36
1.97
2.20
2.09
2.33
1.98

1.56
1.09
1.11
1.49
1.67
1.29

By varieties НІР05 = 0.49

Variety
DKW

Passages and propagation coeffi cients
1 2 3 4 5

Karina
Alicia
Spokusa
Chaika
Doch Velikana
Nimfa

1.99
1.89
1.90
2.06
2.14
1.77

3.05
2.92
2.98
2.75
2.91
2.76

2.90
1.74
2.18
2.09
1.84
2.08

2.16
1.37
1.70
1.59
1.33
1.68

1.16
1.19
1.01
1.19
1.17
1.29

By varieties НІР05 = 0.51

Variety
WPM

Passages and propagation coeffi cients
1 2 3 4 5

Karina
Alicia
Spokusa
Chaika
Doch Velikana
Nimfa

1.94
1.80
1.56
1.49
1.51
1.73

2.95
2.97
2.91
2.74
3.12
2.90

2.05
2.04
2.18
2.19
2.14
2.18

1.36
1.17
1.20
1.09
1.33
1.18

1.06
1.08
1.01
0.9
1.21
1.20

By varieties НІР05 = 0.55

By experiment variants НІР05 = 0.68
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5 min, this index increased more than by 40 % in 
the medium, containing 1 mg/l BAP, on average by 
varieties.

It is noteworthy that the propagation coeffi cients for 
explants depended on genetic specifi cities of the vari-
ety: it was the highest for Karina variety – 3.45, and the 
lowest – 2.04 for Doch Velikana variety. The rest of in-
vestigated varieties did not have any signifi cant differ-
ences by the propagation coeffi cient for the explants, 
and this index fl uctuated in the range of 2.34–2.58.

The increase in the sterilization duration of the ex-
plants using Lisoformin also had some impact on the 
coeffi cient of their propagation. For instance, in the 
variant with the 10-minute-exposure this index was 
considerably lower compared to the variant of 5 min 
for all the varieties, except for Doch Velikana variety. 

We also established that constant application of Mu-
rashige and Skoog medium for the cultivation of hon-
eysuckle decreased the number of newly formed mi-
crosprouts. Further on, similar results were obtained 

Table 4. The propagation coeffi cients for the explants of honeysuckle varieties in vitro while rotating media

Variety
MS/DKW

Passages and propagation coeffi cients
1 MS 2 DKW 3 MS 4 DKW 5 MS

Karina
Alicia
Spokusa
Chaika
Doch Velikana
Nimfa

2.55
2.85
1.92
1.96
2.43
2.69

2.71
2.82
2.64
2.15
2.10
2.12

3.55
3.94
2.98
2.89
3.14
3.08

2.87
2.97
2.15
2.02
2.63
2.05

3.86
4.05
3.01
2.69
3.57
3.09

By varieties НІР05 = 0.45

Variety
MS/WPM

Passages and propagation coeffi cients
1 MS 2 DKW 3 MS 4 DKW 5 MS

Karina
Alicia
Spokusa
Chaika
Doch Velikana
Nimfa

2.34
2.14
1.98
2.01
2.45
2.48

2.56
2.77
2.34
2.12
2.23
2.18

3.69
3.97
2.99
3.84
3.20
3.12

2.80
2.14
2.05
2.11
2.55
2.10

3.97
4.12
3.11
3.71
3.65
3.30

By varieties НІР05 = 0.39
By experiment variants НІР05 = 0.52

Table 5. The rooting of honeysuckle varieties in in vitro conditions and their adaptation to in vivo conditions

Variety

MS (control) MS(IBA)

Percentage
of plants 

with roots

Number 
of roots

Percentage 
of adapted 

plants

Percentage 
of plant rooting

Number 
of roots

Percentage of 
adapted plants

Karina
Alicia
Spokusa
Chaika
Doch Velikana
Nimfa

100
99
98
100
100
100

2.16 ± 0.15
2.12 ± 0.10
2.23 ± 0.20
1.92 ± 0.08
2.99 ± 0.24
3.18 ± 0.32

100
95
98
92
97
100

100
100
100
100
100
100

3.51 ± 0.31
4.21 ± 0.29
3.09 ± 0.20
3.11 ± 0.18
3.16 ± 0.17
3.20 ± 0.28

100
99
100
96
100
100

By varieties НІР05 = 0.34

By experiment variants НІР05 = 0.48
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for other culture media as well (Table 3). BAP in the 
amount of 0.5 mg/l was used on all the media at the fi rst 
stage of cultivation.

The decline in the proliferation coeffi cient was noted 
in all three investigated media with every subsequent 
passage. The highest decrease in the coeffi cient was 
found in WPM medium, which is related to its poor 
content of macro- and microelements. In the second 
passage the gain of microsprouts for all the varieties 
on all the media was the highest, which is conditioned 
by the increase in BAP concentration from 0.5 mg/l to 
1.0 mg/l. 

In two experiment variants, the increase in the pro-
liferation coeffi cient was noted while rotating media. 
The rotation of media with higher and lower content 

of macro- and microsalts stimulates the formation of 
sprouts in plants during the re-planting. The increase 
in the propagation coeffi cient was observed in all the 
varieties while re-planting into Murashige and Skoog 
medium. The propagation indices were high for all 
the varieties, whereas they were somewhat lower for 
Chaika and Spokusa varieties in both experiment vari-
ants, which is conditioned by variety-wise specifi cities 
of these plants. 

The rooting was conducted in Murashige and Skoog 
medium without growth regulators (control) and with 
the addition of 1 mg/l IBA (Table 5). The plants were 
planted after 6–7 passages with preliminary decrease in 
BAP content in the last passage.

The calculations were made after 4 weeks after 
planting into the medium for rooting. The fi rst roots 
appeared on the 10th–14th day. In both variants the rhi-
zogenesis effi ciency was high, amounting to 98–100 % 
depending on the variety. Still the number of the roots 
in the control was lower practically for all the variet-
ies, which is explained by the absence of indole butyric 
acid in the medium, which impacts their formation. 
The largest number of roots in the hormone-free me-
dium was for Nimfa variety (3.18), and the smallest 
(1.92) – for Chaika variety. The addition of auxin into 
the medium resulted in the increase in the number of 
roots, in this variant the largest numbers were formed 
in Alicia and Karina varieties – 4.21 and 3.51 respec-
tively. These two varieties were also remarkable for 
high indices of regeneration and proliferation, which 
has already been mentioned above. 

The adaptation to in vivo conditions was success-
ful for microsprouts of all the investigated varieties, 
amounting to 96–100 % (Fig. 3).

CONCLUSIONS

The studies established that Lisoformin 3000 in the 
concentration of 3 % and exposure duration of 5 min 
ensured optimal effi ciency of sterilization and regen-
eration of edible honeysuckle explants and did not de-
crease their propagation coeffi cients. Three groups of 
edible honeysuckle varieties were isolated by the re-
generation effi ciency at the background of Lisoformin 
3000: with high regeneration ability (94–96 %) – Ali-
cia, Karina and Spokusa; medium (86–87 %) – Chaika 
and Doch Velikana, and low ability (80 %) – Nimfa.

The propagation of honeysuckle in the same medium 
had a negative impact on propagation coeffi cients. It 
was determined that the rotation of media raised the 
proliferation indices. The highest proliferation indices 

Fig. 2. The honeysuckle of Karina variety, rooted in the 
control

Fig. 3. The adapted plant of honeysuckle, Alicia variety
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were achieved in MS medium for Alicia variety (4.12) 
after re-planting from WPM medium, thus it was ef-
fi cient to rotate media with rich and poor content of 
macro- and microsalts, here even if 1 mg/l of BAP was 
used, the plants had more tillering from minimal 2.12 
in the second passage for Chaika in WPM medium, 
with 3.71 for this index in MS medium.

Both hormone-free medium and the medium with 
rhizogenesis inducers were effi cient for rooting. High 
indices of root formation were achieved in both vari-
ants. The use of auxin IBA (1 mg/l) promoted the for-
mation of a larger amount of plant roots (from 3.09 in 
Spokusa to 4.21 in Alicia) which in its turn impacted 
the survivability of plants in in vivo conditions. 

Розмноження жимолості їстівної
(Lonicera edulis Turcz) в умовах in vitro

Я. С. Запольський, Т. В. Медведєва, 
Т. А. Натальчук, М. О. Бублик

e-mail: ya.zapolskyi91@gmail.com, 
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Інститут садівництва (ІС) НААН України, 
03027, Київ, вул. Садова, 23, 

Мета. Дослідити основні етапи розмноження жимо-
лості їстівної (Lonicera edulis Turcz) в умовах in vitro. 
Вивчити вплив стерилізуючих агентів на експланти жи-
молості. Дослідити вплив складу живильного сере-
довища на коефіцієнт розмноження та укорінення. 
Вивчити адаптаційну здатність до умов in vivo. 
Методи. Лабораторний, математичний, розрахунково-
порівняльний. Результати. Досліджено вплив стери-
лізуючих речовин на отримання асептичної культури 
жимолості їстівної в умовах in vitro. Досліди проводили 
на сортах: Алісія, Спокуса, Чайка, Німфа, Дочь Вєліка-
на, Каріна. Як стерилізуючий агент використовували 
Лізоформін 3000 та хлорид меркурію. У варіанті з
використанням препарату Лізоформін 3000 його дос-
ліджували при трьох експозиціях – 5, 7 та 10 хвилин. За 
ефективністю регенерації експлантів після стерилізації 
препаратом Лізоформін 3000 виділено три групи сортів 
жимолості їстівної: 1 – з високою регенераційною 
здатністю (94–96 %) – Алісія, Каріна і Спокуса; 2 – 
середньою (86–87 %) – Чайка і Дочь  Вєлікана, 3 – низь-
кою (80 %) – Німфа. В дослідах по вивченню впливу 
складових живильного середовища на ефективність 
розмноження встановили, що вона зростає при чер-
гуванні середовищ із різним кількісним та якісним 
складом. Постійне використання однотипних середо-
вищ призводить до різкого зниження коефіцієнта 
проліферації на всіх досліджуваних сортах. Для вко-
рінення ефективним є використання як безгормональ-

ного, так і середовища із регуляторами росту. В обох 
варіантах були досягнуті високі показники вкорінен-
ня. При використанні ауксинів у рослин формувалося 
більше коренів (від 3,09 у Спокуси до 4,21 у Алісії), 
що в свою чергу впливає на приживлюваність рослин 
в умовах in vivo. Висновки. Встановлено, що препарат 
Лізоформін 3000 в концентрації 3 % і тривалості 
експозиції 5 хв забезпечує оптимальну ефективність 
стерилізації та регенерації експлантів жимолості їс-
тівної і не знижує їх коефіцієнтів розмноження. Цей 
препарат при відповідних концентрації та тривалості 
стерилізації можна рекомендувати для отримання 
асептичної культури жимолості. Показано, що для 
отримання високих показників проліферації ефективним 
є чергування середовищ із багатим та бідним вмістом 
макро- і мікросолей: у рослин істотно збільшується 
кількість галужень навіть при використанні невисоких 
концентрацій цитокініну. Додавання в живильне се-
редовище індуктора ризогенезу ІМК (1мг/л) не збіль-
шує відсоток укорінених рослин в порівнянні з без-
гормональним середовищем, але стимулює утворення 
більшої кількості коренів, що в подальшому позитивно 
впливає на адаптаційні властивості.

Ключові слова: жимолость, стерилізація, проліферація, 
укорінення, адаптація, експлант, in vitro.

Размножение жимолости съедобной 
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Цель. Исследовать основные этапы размножения 
жимолости съедобной (Lonicera edulis Turcz) в условиях 
in vitro. Изучить влияние стерилизующих агентов на 
экспланты жимолости. Исследовать влияние состава 
питательной среды на коэффициент размножения и 
укоренения. Изучить адаптационную способность к
условиям in vivo. Методы. Лабораторный, математи-
ческий, расчетно-сравнительный. Результаты. Иссле-
довано влияние стерилизующих веществ на получение 
асептической культуры жимолости съедобной в ус-
ловиях in vitro. Опыты проводили на сортах: Алисия, 
Искушение, Чайка, Нимфа, Дочь Великана, Карина. 
В качестве стерилизационного агента использовали 
Лизоформин 3000 и хлорид ртути. В варианте с 
использованием препарата Лизоформин 3000 его иссле-
довали при трех экспозициях – 5, 7 и 10 минут. По 
эффективности регенерации эксплантов после сте-
рилизации препаратом Лизоформин 3000 выделено три 
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группы сортов жимолости съедобной: 1 – с высокой 
регенерационной способностью (94–96 %) – Алисия, 
Карина и Искушение; 2 средней (86–87 %) – Чайка и 
Дочь Великана, 3 – низкой (80 %) – Нимфа. В опытах по 
изучению влияния составляющих питательной среды на 
эффективность размножения установили, что жимолость 
растет при чередовании сред с разным количественным 
и качественным составом. Постоянное использование 
однотипных сред приводит к резкому снижению ко-
эффициента пролиферации на всех исследуемых сор-
тах. Для укоренения эффективным является использо-
вание как безгормональной, так и среды с регуляторами 
роста. В обоих вариантах были достигнуты высокие 
показатели укоренения. При использовании ауксинов 
у растений формировалось больше корней (от 3,09 
в Искушения до 4,21 в Алисии), что в свою очередь 
влияет на приживаемость растений в условиях in vivo. 
Выводы. Установлено, что препарат Лизоформин 3000 
в концентрации 3 % и продолжительности экспозиции 
5 мин обеспечивает оптимальную эффективность сте-
рилизации и регенерации эксплантов жимолости съе-
добной и не снижает их коэффициентов размножения. 
Этот препарат при соответствующих концентрации и 
продолжительности стерилизации можно рекомендо-
вать для получения асептической культуры жимолости. 
Показано, что для получения высоких показателей 
пролиферации эффективно чередование сред с бога-
тым и бедным содержанием макро- и микросолей: 
у растений существенно увеличивается количество 
ветвлений даже при использовании невысоких концен-
траций цитокинина. Добавление в питательную среду 
индуктора ризогенеза ИМК (1 мг/л) не увеличивает 
процент укоренившихся растений по сравнению с 
безгормонального средой, но стимулирует образование 
большего количества корней, в дальнейшем положи-
тельно влияет на адаптационные свойства.

Ключевые слова: жимолость, стерилизация, пролифе-
рация, укоренение, адаптация, эксплантов, in vitro.
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INTRODUCTION

Modern global agricultural production is characte-
rized by a qualitatively new stage of technical re-equip-
ment. More tractors of traction-energy concept appear 
at the European and global markets [1, 2]. Energy satu-
ration of these tractors has a tendency to increase con-
stantly [3]. At the same time, a share of soil-processing 
aggregates with traction and drive working units is in-
creasing in agricultural machine-building as well [4]. 
The rational assembling of such aggregates on the basis 
of traction-energy concept tractors foresees the appli-
cation of the effective engine capacity not only on the 
traction, but also on the active drive of working units or 
technological equipment.

Therefore, the transfer of tractor energetics to trac-
tion-energy concept foresees the use of one, two, and 
more shafts for power transfer to the drive of active 
units of the agricultural machinery (Fig. 1), which can 
transmit up to 90 % of engine capacity [5, 6]. In its es-
sence, the aggregating tractor of tractor-energy concept 
is actually a traction-energy means with a differenti-
ated system of power take-off.

As a rule, a soil-processing machine-tractor aggre-
gate, assembled on the basis of an energy-saturated 
aggregating tractor of traction-energy concept fore-
sees the presence of traction and drive working units 
of agricultural machines or other technological equip-
ment (Fig. 1). In the mentioned aggregates, a tractor 
is not only a towing agent, but also a source of energy 
for agricultural machines, aggregated with it, which 
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allows solving the problem of effi cient use of its en-
gine capacity.

At present the appearance of novel energy-saturated 
tractors of traction-energy concept requires not only 
new principles of their aggregating but also the method 
of assembling aggregates on their basis, as it is cur-
rently problematic to use traditional methods while as-
sembling soil-processing aggregates with traction and 
drive working units from a power take-off shaft or a 
hydrosystem of energy-saturated tractor [7, 8].

The reason of this problem lies in the fact that ac-
cording to current classic methods of estimating the 
composition of aggregates with traction of working 
units from the power take-off shaft of the tractor, the 
limiting span of the aggregate is not taken into consid-
eration. It is believed that their composition is condi-
tioned by constructive possibilities of the drive from 
the power take-off shaft and working conditions. As a 
rule, traction resistance of a machine is calculated with 
the determination of traction resistance which is equal 
in its amount to the traction effort which a tractor could 
additionally develop due to the power, spent via the 
power take-off shaft [9].

In this respect, the use of traction characteristics of 
tractors is also problematic, the solution of issues of 
assembling traction-drive soil-processing aggregates 
requires building the characteristics (theoretical ones) 
for partial take-off of engine capacity of an energy-satu-
rated tractor [10]. But while solving the tasks of assem-
bling soil-processing aggregates with traction and drive 
working units, the value of power, spent to drive the lat-
ter, may be unknown and depends on the span of equip-
ment. As a rule, the latter is subject to substantiation.

At the same time, to build a theoretical traction char-
acteristic of modern tractors according to the classic 
method, the technical information, provided by plants, 
manufacturing tractors and agricultural machinery, is 
usually insuffi cient for engineering calculations [11].

Due to the abovementioned circumstances, the issue 
of assembling soil-processing aggregates with traction 
and drive working units on the basis of energy-saturat-
ed tractors becomes urgent nowadays. The availability 
of a simple method of assembling the rational compo-
sition of traction-drive soil-processing aggregates on 
the basis of energy-saturated tractors will allow main-
taining the main principle of their rational assembling, 
which lies in reasonable selection of excessive engine 
capacity that is not used. At the end, it will ensure com-
petitive agricultural production with minimal energy 
expenses for production mechanization processes.

Considering the problems of theory of traction-en-
ergy concept tractor, some scientists come to the con-
clusion that the issues of traction and energy balance 
require additional investigation [12].

While estimating the impact of the power [5], spent 
for the drive of active working units of agricultural 
machines, on the power balance and the coeffi cient of 
effi ciency of the tractor aggregate, its value is consid-
ered to be known (exogenous). However, in the tasks of 
selecting a traction-drive agricultural machine for the 
given tractor via the determination of the rational width 
of span of the aggregate, the value of the consumed 
power is unknown.

The monograph [13] presents the most complete ex-
planation for the issues of calculating the power and 
energy indices of rotational combined soil-processing 

Fig. 1. A tractor-drive soil-processing machine-tractor aggregate: 1 – energy-saturated tractor of traction-energy concept; 2 – 
agricultural vehicle with traction and drive working units
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machines. The mentioned work is presented (and this 
is its obvious value) as a comprehensive study of soil-
processing machines with traction-drive working units. 
Using the information, presented in the monograph, 
it is complicated to implement a simple algorithm of 
selecting the composition and working velocity of the 
traction-drive aggregate based on current technical in-
formation, available for a wide audience of specialists.

The authors of several latest educational textbooks and 
publications [14–18] suggest a new method of calcula-
tions on assembling machine-tractor aggregates based 
on current technical information with clear sequence 
of engineering computations. But the mentioned refer-
ences consider the issues of assembling soil-processing 
aggregates with traction and drive working units based 
on energy-saturated tractors of traction-energy concept 
in a trivial and shallow way. Compared to the main 
provisions of theoretical and experimental studies of 
traction-drive combined soil-processing machines, 
stipulated in [13, 19–21], the method of their assess-
ment and aggregating is very averaged.

In this article we present the method of assembling 
soil-processing aggregates with traction and drive 
working units based on energy-saturated tractors of 
traction-energy concept in a novel way.

The aim of the studies was to increase the effi ciency 
of assembling soil-processing aggregates with trac-
tion and drive working units based on energy-saturated 
tractors of traction-energy concept.

METHODS OF STUDIES

The study involved the use of the methods of trac-
tor theory, use of machines, fi eld experimental inves-
tigations, statistical methods of processing the study 
results, as well as methods of composing programs and 
numerical computations on PC.

RESULTS OF STUDIES 
AND THEIR DISCUSSION

Assembling any machine-tractor aggregates presup-
poses the selection of a tractor and agricultural ma-
chines, aggregated with it. The assembled aggregates 
should ensure a required quality of a performed techno-
logical operation, maximal performance and minimal 
consumption of fuel, i.e. minimum energy expenses 
in specifi c conditions. The mentioned aim may be 
achieved when a traction (or complete) coeffi cient of 
effi ciency of a tractor, working in the structure of the 
aggregate, is close to the maximally possible one in the 
given conditions.

Meeting all the mentioned requirements (sometimes 
contradictory ones) is possible only in case of complex 
solution for assembling machine-tractor aggregates 
both at the stage of formation and in the immediate ex-
ploitation conditions.

The initial moment in assembling any machine-trac-
tor aggregate is selecting the optimal composition and 
velocity-wise regime of its work.

The statistical energy balance of the energy-saturated 
tractor is placed as the basis for the method of assem-
bling soil-processing aggregates with the drive of ac-
tive working units of agricultural machines from the 
power take-off shaft [5, 22]. It is known that in case 
of stable movement of a tractor along a horizontal part 
of a fi eld, the balance of power in its composition is as 
follows:

  Ne = Nf + Ntr + Nδ + Npl + NPTO,      (1)

where Nе – effi cient tractor engine capacity; Nf, Ntr, 
Nδ – capacity, which characterizes energy losses for 
overcoming the rolling resistance of the tractor, friction 
in transmission and sliding of its movers; Npl – tractive 
power of the tractor; NPTO – power, transmitted via the 
power take-off shaft or the hydrosystem of the tractor.

It is known from the theory of the tractor [22] that

  Nf = f ∙ GV,
  Ntr = Ne (1 – ηm),      (2)

  Nδ = Ne ∙ ηm ∙ δ,

where G – weight of the tractor, kN; V – working veloc-
ity of the aggregate movement, km∙(h)–1; ηm – mechani-
cal coeffi cient of effi ciency of tractor transmission; 
f – coeffi cient of the rolling resistance of the tractor 
wheels; δ – coeffi cient of sliding of the tractor movers.

Let us separate the useful (active) power (Na) in equa-
tion (1) of the energy balance of the energy-saturated 
tractor which may be realized for the implementation 
of the technological process in the composition of a 
machine-tractor aggregate i.e. to overcome the trac-
tion resistance of agricultural machines (Npl) and for 
the drive of their working units from the power take-off 
shaft or the hydrosystem (NPTO):

  Na = Ne – Nf – Ntr – Nδ.      (3)

Certainly, the power, needed for the work of the ag-
gregate (Nun), should not exceed Na(Na ≥ Nun).

Taking dependences (1) and (2) into consideration, 
the equation (3) will look as follows:

     Na = Ne ∙ ηm ∙ (1–δ) – f ∙ GV ≥ Nun.     (4)
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The power Nun, required for the work of the traction-
drive aggregate in the agrotechnically possible range of 
movement velocities (Vmin,…,Vmax), consists of traction 
power and power, transmitted via the power take-off 
shaft of the tractor, i.e.:

  Nun = NPTO ± Npl,      (5)

here “+” or “–” depends on the direction of the “promp-
ted” reaction of the rotational unit [12, 13].

The tractive power Npl of the soil-processing ag-
gregate is calculated pursuant to the following depen-
dence:

     Npl = Fpl ∙ V,                   (6)

where Fpl – traction resistance of a working machine, 
the value of which depends on the construction of its 
active working units.

Let us use the dependence for determining the trac-
tion resistance via relative resistance of soil-processing 
machines for further studies [9]:

     Fpl = Bun ∙ km,                   (7)
where km – relative traction resistance of the agricul-
tural machine, kN∙m–1:

where k0 – relative traction resistance of the agricultur-
al machine (kN∙m–1) at the reference movement veloc-
ity V0 = 5 km∙(h)–1; Δс – rate of increase in the relative 
traction resistance, % [9].

Taking into consideration the dependences (7) and 
(8), the tractive power Npl of the machine-tractor ag-
gregate will look as follows:

It is known that the implementation of tractive power 
in the aggregate is determined by friction properties 
of the tractor, i.e. it depends on the ability of its movers 
to transmit the required (reactive) power for the work 
of the aggregate:

       Nμ = Fμ · V,     (10)
where Nμ – power, conditioned by the friction proper-
ties of the tractor; Fμ – maximal power of friction for 
the movers of the tractor and soil is determined via the 
dependence [22]:

       Fμ = G · λ · μ,    (11)
where λ – share of the exploitation weight of the trac-
tor per one mover (for wheel-type tractors the formulas 

4К4 and for track-type tractors λ = 1); μ – friction coef-
fi cient for the tractor movers and soil.

Then, the tractive power Nμ pl, conditioned by the fric-
tion properties of the tractor, with the consideration of 
losses for towing and sliding, may be determined by 
the following dependence:

  Nμ pl = Nμ – Nδ – Nf.     (12)
As mentioned above, the tractive power, conditioned 

by the friction properties of the tractor, should exceed 
Npl. Taking into consideration dependences (2) the 
equation (12) for the determination of Nμ pl will look 
as follows:

   Nμ pl = GV(λμ – f) – Ne ∙ ηm ∙ δ ≥ Npl.   (13)

The calculation of power loss NPTO on the active drive 
of working units of the traction-drive aggregate also 
depends on the construction of working units of the 
agricultural machine. It is known from the theory of 
agricultural machines that the power, spent for work 
of, for instance, a rotational soil-processing machine, 
consists of a sum of powers for the processing of soil, 
the creation of “pushing” power and overcoming losses 
in the machine drive. Here the mentioned components 
of determining the power on the drive of working units 
are specifi ed by a number of their constructive-techno-
logical and mode parameters, in particular, the width of 
span and velocity of movement of the unit 

     NPTO = f (Bun; V)               [13].

Taking the abovementioned into consideration, let 
us assume for further studies that some group of ag-
ricultural machines, in which the working units were 
similar in construction and driven from the power take-
off shaft or the hydrosystem of the tractor, requires the 
power NPTO to their drive and is in proportion to the 
relative power per one unit of the width of span of the 
aggregate and its movement velocity in similar condi-
tions of their use:

     NPTO = kPTO ∙ Bun ∙ V,    (14)

where kPTO – relative power, spent for the drive of work-
ing units from the power take-off shaft, kN∙m–1.

It should be noted that this approach to determining 
relative traction resistance of agricultural machinery, 
in which working units are driven into action from 
power take-off shaft of the aggregating tractor, is pre-
sented in [9].

To substantiate this assumption, let us analyze the 
experimental dependence for the total power, spent 
for the work of the rotational plough PR-2.7, on its 
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width of span at different velocities of movement 
(Fig. 2) [13].

According to the information, presented in Fig. 2, 
due to the calculation of relative power kPTO, spent for 
the drive of working units of the rotational plough PR-
2.7, the equation (14) was used to determine that in the 
range of the mentioned values of the width of span and 
movement velocity the variability of the estimated val-
ue kPTO did not exceed 10 %. This result is completely 
acceptable taking into consideration the accuracy of 
the obtained experimental data in Fig. 2 and their ap-
proximation. Thus, in general, it is reasonable to as-
sume the dependence (14). One should also agree to the 
fact that the relations between the index kPTO and other 
parameters, impacting the power expenses on the drive 
of working units, for instance, by the rate of energy loss 
gain calculated as per 1 km∙(h)–1 of velocity gain, etc., 
should be proven with arguments. The determination of 
the index  may require the application of more compli-
cated dependences. However, it should be highlighted 
that this assumption requires scientifi c substantiation 
and gives grounds for further studies.

It is clear that power NPTO should not exceed maxi-
mally possible power, which the tractor can actually 
transmit via the power take-off shaft or the hydraulic 
system [Nm

PTO]:
     NPTO ≤ Nm

PTO.     (15)
The main criteria of assembling soil-processing ag-

gregates with traction and drive working units based on 
energy-saturated tractors of traction-energy concept are 
considered as follows:
– the maximal performance W of the machine-tractor 
aggregate for 1 h of “pure” work, ha∙(h)–1:

  W = 0.36 ∙ Bun ∙ V → max,    (16)

– maximal tractive ηt and complete η coeffi cients of the 
useful action of the tractor:

– minimal (relative) fuel expenses per unit of conduct-
ed work q, kg∙ha–1:

where qе – relative (nominal) fuel expense by the trac-
tor engine, g∙(kWt∙h)–1.

The main parameters of determining the criteria, 
characterizing the reasonability of assembling the ag-
gregate, is its width of span Вun and the velocity of 
translation movement V.

On uniting equations (4), (5), (9) and (13–19) into 
a single system, we receive the mathematical model 
of realization in the aggregate with traction and drive 
working units of the useful power of the tractor, which 
will ensure maximal effi ciency and minimal fuel ex-
pense in actual working conditions:

The task of assembling the machine-tractor aggre-
gate with traction and drive working units depends on 
the set task.

The method of solving the latter has several ap-
proaches:

1) an agricultural machine with traction and energy 
working units should be selected for the given energy-
saturated tractor;

2) an aggregating tractor, ensuring the maximal ef-
fi ciency of the aggregate at minimal energy expenses 

Fig. 2. The dependence of     the total spent power N on the 
width of span Bun of the plough PR-2.7 at the following 
movement velocities: 1 – 1.17 m∙s–1; 2 – 1.95 m∙s–1 [13]

N = k V–V B  Vpl un0 01 + ( ) ;Δc
100[

[

ηt =
Npl

N – Ne PTO

→ max;
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for the implementation of a technological operation 
should be selected for the given agricultural machine 
with traction and drive working units;

3) in case of known composition of a soil-processing 
aggregate with traction and drive working units on the 
basis of an energy-saturated tractor, there should be 
substantiation of the rational velocity of its movement, 
according to which the effi cient power of tractor engine 
is used in the most complete way in the given condi-
tions of exploitation.

Solving the tasks of the fi rst approach involves deter-
mining such width of span Вun and velocity of move-
ment V of the aggregate, for which the conditions of the 
system of equations will be true (20).

Solving the tasks of the second approach, fi rst of all, 
one should analytically estimate the ranges of minimal-
ly required exploitation weight of the tractor Gmin,…
,Gmax and the effi cient power Nе min,...,Nе max of its engine 
in the determined range of agrotechnically possible 
velocities Vmin,…,Vmax of the aggregate movement, in 
which the conditions of the system of equations will 
be true (20).

Solving the tasks of the third approach comes down 
to the analytical determination of such rational velocity 
V of the movement of the machine-tractor aggregate, 
for which the conditions of the presented system of 
equations will also be true (20).

To accomplish the set task, we shall assume that all 
the parameters of tractors and conditions of exploitation, 
used in the calculations, are weighted mean values. In 
actual conditions all the values of parameters in some 
interval are changed according to the stochastic law. In 
conditions of industrial exploitation, while solving the 
tasks in rational assembling the machine-tractor aggre-
gates, the averaged parameters of tractors and conditions 
of their usage are quite acceptable and suffi cient [9].

Let us have analytical and subsequent consideration 
of the abovementioned tasks of assembling the ma-
chine-tractor aggregate with traction and drive working 
units from three previously set tasks.

1) While solving the tasks of the fi rst approach we 
shall assembly a traction-drive aggregate on the basis 
of an energy-saturated tractor KhTZ-243K.20 in the 
composition of a rotational plough (PR type), promis-
ing in Ukraine.

Below we present the technical characteristics of 
such a machine-tractor aggregate and the conditions of 
its operational research.

Short technical characteristics of KhTZ-243K.20:

Exploitation weight (G), kN  82.9
Engine capacity (Ne), kWt  184
Relative fuel expense (qе) by the engine, 
g∙(kWt∙h)–1    215
Power, which the tractor can transmit 
via the power take-off shaft [NPTO], kWt:

 – at 540 min–1   88.3
 – at 1,000 min–1   158.9
Short technical characteristics of rotational ploughs 

PR [13]:
Relative traction resistance of the plough (k0), 
kN∙m–1     7.0
Relative power, spent for the drive of working units 
from the power take-off shaft, (kPTO), kN∙m–1 17.7

Agrotechnically possible range
of movement velocities (Vmin,…,Vmax), km∙(h)–1 4…7

Aggregate exploitation conditions:

Agricultural background – stubble of grain crops
Rolling resistance coeffi cient of the tractor 
wheels (f )    0.1
Friction coeffi cient for tractor movers and 
soil (μ)     0.7
Permissible coeffi cient of sliding of 
movers (δ)    0.15

Solving the system of equations (20) on PC in 
Mathcad environment allowed obtaining the following 
results: fi rst and foremost, the rational parameters of 
the width of span of the aggregate Вun = 4 m and the 
movement velocity V = 4.81 km∙(h)–1. Also, we deter-
mined graphic dependences of useful power Na, trac-
tive power Nμ pl and power, required for the work of 
the aggregate Nun on the movement velocity of the ag-
gregate in the composition of rotational ploughs PR-4, 
PR-2.7 and PR-2, the width of span Вun of which is 4, 
3, and 1.8 m (Fig. 3).

The analysis of graphic dependences in Fig. 3 dem-
onstrates that in the interval of velocities from Vmin to 
Vmах the tractive possibilities of the aggregating tractor 
are limited by its friction properties (friction of movers 
with soil is insuffi cient for the realization of the useful 
power of the engine). A part of useful power of the trac-
tor engine, which is not used completely to overcome 
tractive resistance of the aggregate, may be transmitted 
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via the power take-off shaft or the hydrosystem of the 
tractor on the drive of working units of agricultural ma-
chines or other technological equipment.

The maximal realization of useful power of the trac-
tor in the aggregate is achieved in two variants of its 
assembling: at Вun = 4 m and V = 4.81 km∙(h)–1 and 
Вun = 3 m and V = 6.18 km∙(h)–1. However, according 
to the criteria of maximal productivity, tractive and 
complete coeffi cient of useful action of the tractor and 
minimal fuel expense, the fi rst variant is better. The 
mentioned parameters for it are W = 1.924 ha∙(h)–1, 
ηt = 0.416, η = 0.716, q = 20.56 kg∙ha–1, contrary to 
the second variant of the aggregate composition, 
in which W = 1.854 ha∙(h)–1, ηt = 0.402, η = 0.698, 
q = 21.33 kg∙ha–1.

2) Solving the tasks of the second approach for the 
mentioned rotational plough PR-2 with the width of 
span Вun = 1.8 m, we shall substantiate the required 
effi cient power of the engine and the weight of the 
tractor, which ensures the maximal performance of 
the aggregate at minimal energy expenses for the 
implementation of a technological operation. The 
technical indices of rotational ploughs and the work-
ing conditions of the aggregate shall be the same as 
for the fi rst task.

Solving the system of equations (20) on PC in 
Mathcad environment allowed determining the rang-
es of minimal required exploitation weight of the 
aggregating tractor 33.4…33.5 kN and the effi cient 
power 63...113 kWt of its engine in the set range of 

Fig. 3. The dependence of aggregate powers o                    n the velocity of its translation movement (traction-drive aggregate of PR type 
on the basis of tractor KhTZ-243K.20)

Fig. 4. The dependence of minimally required exploitation weight G of the tractor and the effi cient power Ne of its engine for 
aggregating with rotational plough PR-2 at different velocities of its movement
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agrotechnically possible velocities of the aggregate 
movement (Fig. 4).

The range of power was also determined as 
35.4…61.9 kWt, spent for the drive of working units of 
the rotational plough in the interval of agrotechnically 
possible velocities of its movement.

A required aggregating tractor is selected by the cal-
culated parameters. This may be one of KYI-14102 
tractors, or Belarus-1221.2, produced by MTZ-Ukraine 
Company, the weight of which is 39 kN and 52 kN, and 
the nominal effi cient power of engines is 77.2 kWt and 
96.0 kWt respectively.

The analysis of the graphic dependence, presented 
in Fig. 4, indicates that with the increase in the move-
ment velocity of the aggregate, considered in the range 
from 4.0 to 7.0 km∙(h)–1, the intensity of increasing the 
required exploitation weight G of the tractor and ef-
fi cient power Ne of its engine is different. It is known 
that the ratio of the mentioned parameters determines 
the required level of the energy saturation of the trac-
tor. In the mentioned interval of movement velocity, 
the required level of energy saturation of the tractor 
Ne∙G

–1 changes from 1.89 to 3.18 kWt∙(kN)–1. How-
ever, according to the recent forecast of the dynamics 
of energy saturation of tractors up to 2030 [3], the in-
dex of their energy saturation may be only at the level 
of 2.55 kWt∙(kN)–1. At this level of energy saturation, 
the tractor in the structure of the aggregate under study 
may develop the movement velocity not exceeding 5.5 
km∙(h)–1 (see Fig. 4).

3) Solving the tasks of the third approach, let us 
substantiate the rational movement velocity of the 

traction-drive aggregate in the structure of tractor 
KhTZ-243K.20 and the rotational plough PR-2.7 with 
the width of span Вun = 3 m. The technical indices of 
rotational ploughs and the working conditions of the 
aggregate shall be the same as for the fi rst task.

Therefore, solving the task of the third approach 
comes down to determining the rational movement ve-
locity of this aggregate, at which the tractive possibili-
ties of the tractor are used the most in the conditions 
under consideration.

Solving the system of equations (20) on PC in 
Mathcad environment with regards to the movement 
velocity V of the mentioned aggregate demonstrated 
(Fig.  5) that in the whole interval under consideration 
the power Nμ pl, conditioned by the friction properties 
of the tractor, exceeded its tractive power Npl. And 
this means that the movers of tractor KhTZ-243K.20 
in the mentioned interval of the agrotechnically pos-
sible movement velocity are capable of transmitting the 
required reactive power for the work of the aggregate 
with the consideration of losses for towing and roll-
ing. Therefore, according to the initial conditions of the 
task the friction properties of the tractor are suffi cient 
to overcome the traction resistance of plough PR-2.7.

However, if in the movement velocity interval from 
4.0 to 6.18 km∙(h)–1 the useful power Na of the tractor 
may be realized by the latter for the work of the men-
tioned traction-drive aggregate, it is not possible in the 
interval from 6.18 to 7.0 km∙(h)–1 (see Fig. 5). It is ab-
solutely obvious that the rational velocity of the aggre-
gate movement under consideration may be achieved 
in case of complete realization of useful power Na by 

Fig. 5. The dependence of the aggregate power     in the structure of tractor KhTZ-243K.20 and plough PR-2.7 on the velocity 
of its translation movement
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the tractor i.e. on condition of equality Na = Nun. Ac-
cording to the mentioned equation of power it follows 
that the rational value of the movement velocity of this 
aggregate is 6.18 km∙(h)–1.

CONCLUSIONS
The problem of assembling soil-processing aggre-

gates with traction and drive working units on the basis 
of energy-saturated tractors of tractor-energy concept 
should be solved with the consideration of the suggest-
ed condition of useful power via traction, determined 
by the friction properties of a tractor, and the power 
which the tractor can actually transmit via the power 
take-off shaft or the hydrosystem.

This method may be used to solve tasks of assem-
bling the soil-processing aggregates with traction and 
drive working units on the basis of technical informa-
tion, presented in the characteristics of tractors and ag-
ricultural machines and common reference literature 
on the issues of the use of machines in agriculture. The 
assumption, by which the calculation of power for the 
drive of working units is made via averaged values of 
relative power per one unit of the width of span and 
movement velocity of the aggregate, is subject to fur-
ther substantiation.

Дослідження умов комплектування 
тягово-приводних ґрунтообробних агрегатів 
з тракторами тягово-енергетичної концепції

В. В. Адамчук 1, В. М. Булгаков 2, 
І. В. Головач 2, В. П. Кувачов 3

e-mail: nnc-imesg@ukr.net, vbulgakov@meta.ua, 
kuvachoff@ukr.net

1 Національний науковий центр “Інститут механізації 
та електрифікації сільського господарства”

2 Національний університет біоресурсів і 
природокористування України 

3 Таврійський державний агротехнологічний 
університет

Поява абсолютно нових енергонасичених тракторів тя-
гово-енергетичної концепції потребує сьогодні не тіль-
ки нових принципів їх агрегатування, а і методики 
комплектування агрегатів на їх основі. Мета. Підви-
щення ефективності комплектування ґрунтообробних 
агрегатів з тяговими і приводними робочими органа-
ми на основі енергонасичених тракторів тягово-енер-
гетичної концепції. Методи. При виконанні досліджен-
ня використані методи теорії трактора, машиновико-
ристання, польових експериментальних досліджень, 
статистичні методи обробки результатів досліджень, а
також методи складання програм та числових розра-
хунків на ПК. Результати. Запропоновано методику 

комплектування ґрунтообробних агрегатів з тягови-
ми і приводними робочими органами на основі техніч-
ної інформації, доступної широкому колу фахівців. 
Висновки. Проблему комплектування ґрунтообробних 
агрегатів з тяговими і приводними робочими органа-
ми на основі енергонасичених тракторів тягово-енер-
гетичної концепції слід розв’язувати з урахуванням 
запропонованої умови реалізації корисної потужності 
через тягову, визначену зчіпними властивостями трак-
тора, і потужності, яку трактор здатний фактично пе-
редати через вал відбору потужності або гідросистему.

Ключові слова: енергонасичений трактор, тягово-при-
водний агрегат, швидкість, потужність, комплектування.
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с тракторами тягового-энергетической концепции
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Появление совершенно новых энергонасыщенных трак-
торов тягово-энергетической концепции требует сегодня 
не только новых принципов их агрегатирования, а и
методики комплектования агрегатов на их основе.
Цель. Повышение эффективности комплектования 
почвообрабатывающих агрегатов с тяговыми и при-
водными рабочими органами на основе энергонасы-
щенных тракторов тягово-энергетической концепции. 
Методы. При выполнении исследования использова-
ны методы теории трактора, машиноиспользования, 
полевых экспериментальных исследований, статисти-
ческие методы обработки результатов исследований, 
а также методы составления программ и числовых 
расчетов на ПК. Результаты. Предложена методика 
комплектования почвообрабатывающих агрегатов с тя-
говыми и приводными рабочими органами на ос-
нове технической информации, доступной широкому
кругу специалистов. Выводы. Проблему комплекто-
вания почвообрабатывающих агрегатов с тяговыми и
приводными рабочими органами на основе энерго-
насыщенных тракторов тягово-энергетической концеп-
ции следует решать с учетом предложенной условиями 
реализации полезной мощности через тяговую, опре-
деленную сцепными свойствами трактора и мощности, 
трактор способен фактически передать через вал отбора 
мощности или гидросистему.
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INTRODUCTION

The issue of organic carbon transformation in soil, its 
dynamics, functions and regulating the fl ows in the ag-
rocenosis system using mineral and organic fertilizers 
are promising trends of agrosoil study as fundamental 
science. The increase in supplies of carbon, accessible 
for microorganisms, may be an effi cient way of opti-
mizing the nitrogen regime of soil due to the support of 
balanced carbon-nitrogen interactions. The accumula-
tion of СО2 concentration in the surface layer of the 
atmosphere is accompanied with the increase in pure 
photosynthetic assimilation of carbon, thus promot-

ing the increase in pure initial production of agricul-
tural crops due to the “fertilizing effect of СО2” [1–3]. 
Enhancing the performance of plants in conditions of 
increased СО2 concentrations envisages the increase 
in the length of roots, the share of thin roots due to 
a higher need for soil moisture and nutrients and the 
mass of plant residues in general [4]. In case of global 
increase in СО2 concentration in the atmosphere by 100 
ppm, the performance of plants may be enhanced by 
8.0–25.0 % [5]. Due to the increase in the atmospheric 
concentration of СО2, there are expectations not only 
for the increase in nitrogen removal with the harvest by 
5.0–33.0 %, but also a considerable change in the char-
acter of soil nitrogen dynamics via the decrease in ni-
trogen concentration in plant biomass and the increase 
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in the share of organic substances in plant residues, re-
sistant to decomposition [6].

The aridization of climate leads to the decrease in 
C-СО2 depositing in ecosystems and agroecosystems 
which is related to the increase in the intensity of de-
structive processes: the rate of organic matter mineral-
ization in soil is enhancing, soil breathing is activated 
which, in case of excessive manifestation, leads to 
exceeding the rate of atmospheric СО2 accumulation 
by plants, and eco- and agroecosystems transform into 
active sources of emission of carbon dioxide into the 
atmosphere [7–9].

Ensuring soil sequestration of carbon in the agroce-
nosis becomes an urgent nature-oriented task of agro-
soil study. Carbon-sequestrating practice of agriculture 
envisages the increase in organic carbon content in 
soil due to the increase in the mass, which returns to 
the soil. A key role in these technologies is given to 
the application of a fertilization system, promoting the 
stimulation of a producing process, increasing the mass 
of by-products at both intense and organic system of 
fertilization.

Aim. To substantiate the agroecological estimation 
of the performance of a short crop rotation in condi-
tions of intense and organic systems of fertilization on 
the basis of restoring normative parameters of emission 
and sequestration of С-СО2 circulation while using by-
products as organic fertilizers in conditions of modern 
climatic system of the Forest-Steppe of Ukraine.

METHODS OF STUDIES 

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 low-humus medium-
clay chernozem on carbonate forest layer. The content 
of humus in the 0–30 cm layer was 2.76–3.03 % ac-
cording to Turin, the amount of absorbed alkali – 24.5–
28.1 mg-eq. per 100 g of soil, the hydrolytic acidi-
ty – 1.99–2.19 mg-eq./100 g of soil, pH of the salt 
extract – 5.5–6.3. The degree of saturation with al-
kali was 92.8–93.3 %, the content of mobile forms of 
phosphorus (according to Truog) – 9.0 mg per 100 g 
of soil, exchange potassium (according to Brovkina) – 
12 mg per 100 g of soil. The physical features of soil 
were characterized by the 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 %.

The studies were conducted in the fi ve-fi eld grain-
growing and weeding crop rotation as follows: peas – 
winter wheat – corn – soy – spring barley. The satu-
ration of the presented crop rotation with legumes 
was over 30 %. The organic system of fertilization: 
without the introduction of mineral fertilizers and the 
use of by-products of the predecessor as a fertilizer 
(14 t/ha), after treating grain with nitrogen-fi xing, phos-
phorus-mobilizing biological preparations, growth reg-
ulators, humates and enriching with humates, growth 
regulators for plants or a biopreparation. The intense 
system of fertilization: pea – N30P30K30, winter wheat –
N60P60K60 + N30, soy – N60P60K60, corn – N60P70K60 + N20, 
spring barley – N60P60K60 + N25 at the introduction of 
15 t/ha of by-products as an organic fertilizer. The 
method of processing in crop rotations was differen-
tiated. The yield of phytomass structure was deter-
mined according to [11], the reserves of nitrogen in 
the phytomass structure were defi ned by calculations 
[12–13]. The generalization of materials and estima-
tion of the study results was conducted by the method 
of disperse analysis [14] and using STATISTICA pack-
age using the non-parametric method.

The estimation of the accumulation of carbon mon-
oxide amount while cultivating grain crops was per-
formed on the following basis:

• crop capacity in different crop rotations in 2000–
2015;

• yield of by-products, after-harvest residues and 
roots of crops in crop rotations according to the regres-
sion equations, presented for low and high levels of 
crop capacity, as the dependence of the number of plant 
residues is not always in direct relation to the harvest 
increase;

• estimation of the yield of dry matter from the ob-
tained mass;

• estimation of carbon content in the mass of by-
products, stubble and roots calculated into carbon ox-
ide (coeffi cient 3.7);

• estimation of the amount of humus, which was 
formed as a reservoir of carbon depending on the level 
of the input of straw, by-products and mass of root sys-
tem of plants into soil.

RESULTS OF INVESTIGATIONS

The technologies of cultivating agricultural crops 
which are based on fertilization systems, different by 
their intensity, play a relevant role in transforming 
carbon dioxide of the atmosphere into plant biomass, 
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which mostly consists of organic carbon. Noteworthy 
is the ratio of involved С-СО2 of the atmosphere in the 
structure of total phytomass of the harvest, released 
during the mineralization of humus and by-products 
which will impact both С-СО2 balance and its intensity, 
and the capacity of СО2 balance in the agrocenosis of a 
short crop rotation.

The average involvement of С-СО2 in the forma-
tion of the main products was 7.27 t/ha at the am-
plitude range from 5.80 t/ha to 8.11 t/ha (+2.31 t/
ha). By the median, the involvement of С-СО2 in the 
main products was 7.41 t/ha and leaned towards the 
upper typical value (8.11 t/ha), and the typed varia-
tion of the involvement of С-СО2 was 1.58 t/ha. The 
variation coeffi cient was at the level of 11.5 % and 
the asymmetry coeffi cient was negative and deviated 
considerably from the center of sampling distribu-
tion (Table 1).

While using the organic system of fertilization, the 
average involvement of С-СО2 in the main products 
decreased 1.22 times and by the median – 1.25 times. 
The amplitude range of involving С-СО2 was shift-
ed towards smaller absolute interval values, and the 
range itself was decreased 1.10 times. The involve-
ment of С-СО2 in the main products mostly leaned 
towards the upper typical interval value (6.62 t/ha). 
The coeffi cient of the variation in involving С-СО2 
was 11.5 %, and the coeffi cients of asymmetry and 
excess had positive values and insignifi cant deviation 
from the distribution center. At the intense fertiliza-
tion system, the involvement of С-СО2 in by-products 
was 21.8 t/ha both by the average value and the value 
by the median. The amplitude range was 1.95 times 
wider than the normalized range, and the value for 
the involvement of С-СО2 mostly leaned towards the 
upper typical value.

Table 1. Statistical parameters of C-CO2 balance of a short crop rotation depending on the fertilization systems in 2010–2017

Note: Δ=max-min – amplitude range; ΔL= L0.75 – L0.25 – normalized typical range; * f.u. – feed units (t/ha).

Statistical parameters
*Yield 
of f.u., 

t/ha

Yield of 
digestible 
protein, 

t/ha

Weight, t/ha:

main 
products 

–

of above-
ground 
mass

of roots
non-

market 
products –

of total 
phytomass 

The intense system of fertilization
Parameter, t/ha

Average (Х)
min
max

Quantiles of parameter
Med, P 0.50
L 0.25
L 0.75

Coef. V, % – variation coeffi cient
0.46 Cоеf. V, % – approximation error

6.49
5.10
7.31

6.64
6.00
7.21
11.8
5.43

0.59
0.46
0.68

0.61
0.52
0.64
12.9
5.93

5.04
4.00
5.61

5.12
4.60
5.54
11.4
5.24

15.0
12.9
16.0

15.2
14.4
16.0
7.23
3.33

11.8
9.36
12.6

12.2
12.0
12.4
9.41
4.33

27.6
22.3
32.5

28.0
26.4
28.6
11.0
4.73

31.4
26.3
34.2

32.0
29.5
33.7
8.93
4.11

The organic system of fertilization
Parameter, t/ha

Average (Х)
min
max

Quantiles of parameter
Med, P 0.50
L 0.25
L 0.75

Coef. V, % – variation coeffi cient
0.46 Cоеf. V, % – approximation error

5.33
4.41
6.31

5.21
5.01
6.01
12.1
5.57

0.50
0.39
0.64

0.48
0.47
0.56
15.7
7.22

4.12
3.44
4.86

4.01
3.86
4.61
11.7
5.38

13.6
12.8
15.3

13.2
13.0
14.4
6.78
3.12

11.5
10.9
12.0

11.4
11.4
11.8
3.06
1.41

25.1
23.7
27.3

24.6
24.4
26.2
4.95
2.28

29.2
27.1
32.2

28.6
28.3
30.8
5.92
2.72
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At the organic fertilization system, the value of in-
volving С-СО2 to by-products by the average and me-
dian values coincided and was 1.11–1.15 times lower 
compared to the intense system of fertilization. The 
amplitude (Δ) and normalized typical range (ΔL) of 
С-СО2 to by-products was lower by the absolute val-
ue with the highest difference by the minimal typical 
value (L0,25) which was at the level of 18.6 t/ha against 
20.8 t/ha and 20.8 t/ha against 23.0 t/ha by the upper 
typical value (L0,25) regarding the control fertilization 
system. The variation coeffi cient (Coef. V, %) was at 
the level of 5.8 %, and the asymmetry coeffi cient (Ка) 
had a positive value with insignifi cant deviation from 
the center of parameter sampling.

The involvement of С-СО2 in the formation of the 
root system at the intense fertilization system by the 
average (Х) and median values coincided (17.4–
7.6 t/ha). The amplitude range and interval typical 
value were equal. The variation coeffi cient was at the 
level of 1.62 % and the asymmetry coeffi cient was 
positive and deviated inconsiderably from the center 
of parameter distribution. A similar estimation was 
notable for the involvement of С-СО2 in the root sys-
tem at the low-cost fertilization system, the difference 
being that Coef. V. = 3.17 %, and the asymmetry co-
effi cient had a negative value with insignifi cant de-
viation from the center of distribution of parameter 
sampling.

Table 2. Statistical parameters of CO2 balance of a short crop rotation depending on the fertilization systems in 2010–2017

Note: Δ=max-min – amplitude range; ΔL= L0.75 – L0.25 – normalized typical range.

Statistical parameters
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The intense system of fertilization:
Parameter, t/ha

Average (Х)
min
max

Quantiles of parameter
Med, P 0.50
L 0.25
L 0.75

Coef. V, % – variation coeffi cient
0.46 Cоеf. V, % – approximation error

7.27
5.80
8.11

7.41
6.61
8.11
11.5
5.29

21.8
19.9
23.3

21.8
20.8
23.0
5.91
2.53

17.6
17.4
18.0

17.4
17.4
18.0
1.62
0.75

46.0
40.0
49.1

46.6
45.6
49.1
6.72
3.05

34.9
31.0
37.0

35.5
34.0
36.0
5.57
2.56

12.2
9.6
17.1

12.1
10.6
12.2
19.6
9.01

46.7
45.0
49.0

46.0
45.0
48.0
3.43
1.58

0.46
–1.60
6.00

0.00
–1.00
0.30
554
254

101
96.5
115

99.0
98.0
101
6.18
2.84

93.0
86.0
98.0

92.0
90.0
97.0
4.61
2.12

The organic system of fertilization:
Parameter, t/ha

Average (Х)
min
max

Quantiles of parameter
Med, P 0.50
L 0.25
L 0.75

Coef. V, % – variation coeffi cient
0.46 Cоеf. V, % – approximation error

5.97
4.91
7.01

5.91
5.51
6.62
11.5
5.29

19.6
18.4
21.4

19.1
18.6
20.8
5.81
2.67

16.6
15.7
17.3

16.6
16.4
17.0
3.06
1.41

42.3
39.0
46.0

41.9
40.5
44.6
5.74
2.64

32.7
30.8
35.4

32.5
31.7
34.0
4.68
2.15

10.4
9.30
11.1

10.4
10.2
10.9
5.43
2.51

43.2
40.1
46.5

43.0
42.0
44.8
4.75
2.19

0.75
–1.00
1.51

1.11
0.21
1.51
124
57.0

103
101
104

103
101
104
1.22
0.56

85.3
79.0
93.0

85.0
83.0
89.0
5.32
2.45
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In conditions of the organic system of fertilization, 
the involvement of С-СО2 in the root system decreased 
1.06 times and reached 16.6 t/ha. The amplitude range 
increased 2.67 times and its values shifted to absolutely 
lower values (15.7–17.3 t/ha). The values of median 
(Med, P0.50) coincided with average values, and the 
typed interval values of involving С-СО2 in the root 
mass were 1.05–1.06 times lower.

The coeffi cient of variation for the mentioned param-
eter did not reach 5 % and the asymmetry coeffi cient 
had a negative value with insignifi cant deviation from 
the center of sampling.

46.0–46.6 t/ha С-СО2 was involved in the total phy-
tomass in conditions of intensive system of fertilization 
by the average value and the median. The amplitude 
range was 2.6 times wider than the normalized typi-
cal range and the value of involving С-СО2 by median 
leaned towards the lower typical value (45.6 t/ha). The 
variation coeffi cient did not exceed 7 %, and the coef-
fi cients of asymmetry and excess had a considerable 
deviation from the center of distribution, but they had 
opposite values.

At the organic fertilization system, the binding of 
С-СО2 in the total phytomass by the average and me-
dian values was 1.09 and 1.11 times lower compared 
to the control variant of fertilization, and the me-
dian mostly leaned towards the lower typical value 
(40.5 t/ha) that was 1.13 times lower which impacted 
the normalized range of the parameter that was 1.17 
times higher compared to the control fertilization sys-
tem. The variation coeffi cient of the parameter did not 
exceed 6 %, and the coeffi cients of asymmetry and ex-
cess, although of opposite signs, did not deviate con-
siderably from the center of distribution, which dem-
onstrated the moderate nature of involving С-СО2 in 
the formation of the total phytomass in the agrocenosis 
of the short crop rotation at the organic fertilization 
system. At the intense fertilization system, the involve-
ment of С-СО2 for the formation of structural compo-
nents (main products – В, by-products – С, root sys-
tem – D) occurred by the ratio of В : С : D=1 : 2.95 :
2.36, and by the percentage content: В – 15.9 %, С – 
46.8 %, D – 37.3 %. At the organic system of fertiliza-
tion: В : С : D=1 : 3.23 : 2.80 and 14.1 %, 45.6 %, 
40.3 % in accordance to the phytomass components.

While transferring from the intense system of fer-
tilization to the organic system, 1.1 and 1.2 times 
more С-СО2 was involved per one unit of involv-
ing С-СО2 in the main products for the formation 
of by-products and the root mass compared to the 

intense system of fertilization, which refl ected on the 
percentage structure of the total biomass: there was 
a re-distribution of the structure for the benefi t of by-
products and roots.

At the intense fertilization system (Table 2) the inten-
sity of mineralization of the by-products or the emis-
sion of С-СО2 was 34.9 t/ha at the amplitude range 
from 31.0 t/ha to 37.0 t/ha. The emission of С-СО2 by 
the median mostly leaned towards the upper typical 
value (36 t/ha), and the typed range of the emission of 
С-СО2 was 3 times more constricted compared to the 
amplitude range. The coeffi cient of variation for the 
mentioned parameter exceeded 5 %, and the coeffi cient 
of asymmetry had a considerable deviation from the 
center of distribution and a negative value which dem-
onstrated the build-up of С-СО2 emission at the intense 
fertilization system.

At the organic system of fertilization, the intensity 
of mineralization by the emission of С-СО2 was 1.07–
1.09 times lower by the average value and the median 
compared to the intense system of fertilization. The am-
plitude and normalized range of С-СО2 emission were 
shifted towards lower absolute values. The coeffi cient 
of variation of С-СО2 emission from the mineraliza-
tion of by-products was 5 % lower and the coeffi cients 
of asymmetry and excess were positive and deviated 
insignifi cantly from the center of distribution, which 
demonstrated signifi cant stabilization of the level of 
mineralization of by-products and С-СО2 emission into 
the atmosphere.

The estimation of С-СО2 emission from humus 
mineralization at the intense fertilization system was 
at the level of 12.2 t/ha both by the median and the 
average value. The amplitude range was 7.5 t/ha. By 
its value the median leaned towards the upper typical 
value, and the typed range of С-СО2 emission from 
humus mineralization was 1.6 t/ha. The coeffi cient of 
variation was 20 % and the coeffi cients of asymme-
try and excess of sampling distribution were positive 
with a considerable deviation of the distribution from 
the sampling center which demonstrated the enhanced 
humus mineralization.

At the organic fertilization system, the average and 
median emission of С-СО2 from humus mineraliza-
tion was 1.16–1.17 lower, and the absolute and typed 
range was 4.2 and 2.28 times more constricted com-
pared to the intense system of fertilization. The varia-
tion coeffi cient of С-СО2 decreased down to 5.4 %, 
and the asymmetry coeffi cient was negative and had 
a high absolute value which demonstrated the slow-
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ing down of emission processes for С-СО2 for humus 
mineralization at the organic fertilization system.

The total emission of С-СО2 from humus mineraliza-
tion and by-products at the intense fertilization system 
both by the average and median values was 46.7 t/ha, 
and the amplitude and normalized range of changes 
in С-СО2 emission almost coincided. The variation 
coeffi cient did not exceed 5 %, and the coeffi cient of 
asymmetry was in the range of the center of distribu-
tion which demonstrated stable high С-СО2 emission 
from the processes of mineralization of humus and by-
products at the intense fertilization system.

The total emission of С-СО2 from the total mineral-
ization decreased 1.07–1.08 times regarding the control 
fertilization system both by the average value and by 
the median which mostly leaned towards the minimal 
typical value (42.0 t/ha), which was 1.07 times lower 
compared to the control. The coeffi cient of variation 
of the total emission of С-СО2 was 5 % lower and the 
coeffi cient of distribution asymmetry was positive and 
deviated a little from the center of parameter distribu-
tion which demonstrated the stabilization of the emis-
sion of С-СО2 from the mineralization of humus and 
by-products at the lowest level.

The estimation demonstrated that at the intense 
system of fertilization, 2.86–2.93 t/ha of the mineral-
ization of by-products were per 1 t of humus miner-
alization; at the low-cost fertilization system: 3.15–
3.16 t/ha С-СО2 of by-products were per 1 t from humus 
mineralization, and at the organic fertilization system: 
1 to 3.14–3.15. In the percentage terms, at the intense 
fertilization system 75–77 % were due to the emission 
of С-СО2 from the mineralization of by-products, and 
23–25 % – С-СО2 from humus mineralization; at the 
low-cost system: 75–76 % and 24–25 %; at the organic 
fertilization system: 76 % and 24 % respectively.

While passing to the organic system of fertilization 
there is an extension in the ratio of the emission of 
С-СО2 due to the mineralization of by-products per 
one unit of С-СО2 from humus mineralization at more 
or less stable ratio of mineralization items in the to-
tal emission of С-СО2 regardless of the fertilization 
system.

The capacity of balance of carbon oxide (Cap.bС-СО2) 
characterizes the value of its circulation, thus, the 
higher is the value of Cap.b.С-СО2, the more intense is 
the circulation of substances and the intensity of crop 
rotations [15–16]. The capacity of С-СО2 balance in 
the agrocenosis of a short crop rotation changes con-

siderably at different systems of fertilization: at the 
intense system of fertilization the average and median 
values reached 92.0–93.0 t/ha, and the amplitude range 
changed from 86.0 t/ha to 98.0 t/ha. The typed interval 
Cap.b.С-СО2 almost coincided with the amplitude range, 
and the value of Cap.b.С-СО2 by the median leaned to-
wards the minimal typical value (90.0 t/ha), which 
refl ected on the value of the coeffi cient of parameter 
variation that did not exceed 5 %. The coeffi cients of 
asymmetry and excess of sampling had negative values 
and an insignifi cant deviation from the center of sam-
pling distribution which demonstrated the stabilization 
of Cap.b.С-СО2 at the mentioned level that corresponded 
to the intense system of fertilization.

At the organic fertilization system, the value of 
Cap.b.С-СО2 decreased 1.10 times (85 t/ha) by the aver-
age value and the median. By the minimal value the 
amplitude range decreased by 7 t/ha (1.1 times less). 
The normalized typed range decreased by 6.5 t/ha by 
the minimal value, and by 8 t/ha – by the maximal typi-
cal value. The coeffi cient of variation Cap.b.С-СО2 was at 
the level of 5–6 %, and the coeffi cients of asymmetry 
and excess had a positive value and an insignifi cant de-
viation from the center of sampling distribution, which 
demonstrated the stabilization of the value of Cap.b.С-

СО2 at the level, formed at the organic fertilization sys-
tem, that may be deemed considerably different from 
the intense system of fertilization.

The balance of С-СО2 in conditions of the intense 
system of fertilization was positive both by the aver-
age value (+0.46 t/ha), and by the median (+0.10 t/ha). 
The amplitude range of the balance fl uctuated from 
–1.60 t/ha to +6.0 t/ha, and a typical interval range – 
from –1.00 t/ha to +0.30 t/ha. The value of С-СО2 bal-
ance by the median leaned towards the upper typical 
value (+0.30 t/ha). The coeffi cient of balance variation 
was 554 % which demonstrated high instability and 
was proven by the coeffi cients of asymmetry and ex-
cess that had positive values with a considerable devia-
tion from the distribution center.

In conditions of the organic system of fertilization, 
the average value of С-СО2 balance was +0.75 t/ha, 
which was 1.63 times higher compared to the intense 
system of fertilization. The amplitude range fl uctuated 
from –1.0 t/ha to +1.51 t/ha. The value of С-СО2 bal-
ance by the median was +1.11 t/ha which was 18–19 
times higher compared to the intense system of fertil-
ization, i.e. the meaning mostly leaned to the upper typ-
ical value (+1.51 t/ha). The typed interval of the change 
in С-СО2 balance altered in the positive interval of 
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values. The coeffi cient of variation of С-СО2 balance 
was 124 %, and the asymmetry coeffi cient acquired a 
negative value with a considerable deviation from the 
center of sampling distribution which demonstrated the 
stabilization of С-СО2 balance.

In conditions of the intense system of fertilization, 
the intensity of С-СО2 balance (Ib, %) was 101 % on 
average for a crop rotation, and the amplitude range 
changed from 96.5 % to 115 %, and by the median – 
99 %. The amplitude and normalized range changed 
from 96.5–98.0 % to 101–115 %. The variation coef-
fi cient Ib, % (С-СО2) was under 10 % and the asymme-
try coeffi cient was positive and deviated considerably 
from the center of sampling distribution.

The intensity of balance of С-СО2 at the organic 
fertilization system exceeded 100 % by the aver-
age and median values, similar to the amplitude and 
normalized range of the change in Ib (С-СО2). The 
coeffi cient of variation Ib (С-СО2) was at the level 
of 1.22 %, and the coeffi cients of asymmetry and ex-
cess of the sampling were negative and had an insig-
nifi cant deviation from the center of the distribution 

which demonstrated slowing down of the circulation 
Ib (С-СО2) in the agrocenosis of a short crop rotation 
in conditions of the organic system of fertilization 
which was a limiting factor in the process of forming 
the performance of a short crop rotation at the organic 
fertilization system.

The intensity of С-СО2 balance at the organic fer-
tilization system exceeded 100 % by the average and 
median values, similar to the amplitude and normalized 
range of the change in Ib (С-СО2). The coeffi cient of 
variation Ib (С-СО2) was at the level of 1.22 %, and the 
coeffi cients of asymmetry and excess of the sampling 
were negative and had an insignifi cant deviation from 
the center of the distribution which demonstrated slow-
ing down of the circulation Ib (С-СО2) in the agroceno-
sis of a short crop rotation in conditions of the organic 
system of fertilization which was a limiting factor in 
the process of forming the performance of short crop 
rotation at the organic fertilization system.

The general model of involving С-СО2 in the forma-
tion of structural components of the total phytomass 
demonstrated a direct correlation of medium strength 

Table 3. The equations of regression and coeffi cients of correlation coeffi cients between the level of sequestration of С-СО2 
into the components of total phytomass and the performance of a short crop rotation (general model)

Note: * f.u.- feed units ,t/ha

Relation parameter Regression equation
Coeffi cients:

Reliability R., p
correlation, R deter-mination R2

Main products, t/ha
С-СО2 in the main products, t/ha
С-СО2 in by products, t/ha
С-СО2 of roots, t/ha
С-СО2 of total phytomass, t/ha
Capacity balance С-СО2, t/ha

y = 1.32 + 1.15*x
y = 12.9 + 1.61*x
y = 14.5 + 0.58*x
y = 27.6 + 3.56*x
y = 59.3 + 6.45*x

0.81
0.59
0.65
0.73
0.76

0.66
0.35
0.43
0.54
0.58

0.00001
0.0041
0.0024
0.0002
0.0007

*Yield of f.u., t/ha
С-СО2 in the main products, t/ha
С-СО2 in by products, t/ha
С-СО2 of roots, t/ha
С-СО2 of total phytomass, t/ha
Capacity balance С-СО2, t/ha

y = 1.42 + 0.87*x
y = 13.3 + 1.19*x
y = 14.5 + 0.43*x
y = 28.1 + 2.68*x
y = 60.2 + 4.84*x

0.81
0.58
0.65
0.75
0.75

0.66
0.35
0.43
0.56
0.56

0.0001
0.0060
0.0031
0.0002
0.0001

Yield of digestible protein, t/ha
С-СО2 in the main products, t/ha
С-СО2 in by products, t/ha
С-СО2 of roots, t/ha
С-СО2 of total phytomass, t/ha
Capacity balance С-СО2, t/ha

y = 2.16 + 8.25*x
y = 13.9 + 12.1*x
y = 15.0 + 3.84*x
y = 30.0 + 25.9*x
y = 63.8 + 46.5*x

0.75
0.58
0.55
0.69
0.71

0.56
0.35
0.31
0.48
0.5

0.00008
0.006
0.0119
0.0006
0.0003
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between these parameters. The correlation between the 
items of involving С-СО2 of the main products, the to-
tal phytomass and the yield of the main products was 
at the level of R = 0.73–0.83 ± 0.02; R2 = 0.53–0.69, 
and with the involvement of С-СО2 in by-products and 
the root mass the relation was at the level of medium 
direct correlation: R=0.59–0.63 ± 0.02; R2 = 0.35–0.40 
(Table 3). There were 1.15 units of С-СО2 per one unit 
of the yield of main products, 3.56 units of С-СО2 for 
total phytomass, 1.61 units of С-СО2 – for by-products, 
0.58 units of С-СО2 – for the roots.

A direct correlation was determined between the 
main products and the capacity of С-СО2 was deter-
mined at the level of R = 0.76 ± 0.02; R2 = 0.58, and 

6.45 units of С-СО2 were per one unit of the yield of 
main products.

At the intense fertilization system, there is enhanced 
direct correlation between the yield of the main prod-
ucts and the involvement of С-СО2 in the formation of 
structural components of the total phytomass up to the 
values of R=0.86–0.88 ± 0.02; R2 = 0.74–0.77. It was 
established that there was 1.26 times more involvement 
of С-СО2 of the main and by-products, 1.46 times more 
С-СО2 of the total phytomass per one unit of the yield 
of the main products prior to the formation of structural 
components of the total phytomass, and 56.3 units of 
the capacity of С-СО2 balance per one unit of increas-
ing the yield of the main products which is 1.05 times 
lower compared to the general model (Fig. 1).

A direct correlation dependence was preserved be-
tween the yield of the main products and the capacity 
balance at the level, the same for the intense system of 
fertilization (R = 0.88 ± 0.02), and there was 1.06–1.11 
times less С-СО2 per one unit of increasing the main 
products compared to the control fertilization system 
and the general model of relations for the parameter.

An intense circulation of С-СО2 occurs between the 
atmosphere and agroecosystems due to the process of 
photosynthesis and breathing. A considerable part of 
С-СО2, absorbed by agricultural crops, is spent for 
breathing processes and is returned to the atmosphere, 
and another part takes part in forming the aboveground 
and underground phytomass and dead organic matter.

The anthropogenic activity changes the intensity of 
С-СО2 circulation in agroecosystems, a part of dead 
organic biomass is decomposed by microorganisms 
and is returned in the form of СО2 into the atmosphere, 
while some part may be preserved as humus for some 
time. From this standpoint, the fertilization system is 
a determining factor of managing the circulation of 
С-СО2 in agrocenoses of short crop rotations. The gen-
eral model of С-СО2 circulation demonstrated an estab-
lished direct correlation between the yield of the main 
products and the involvement of СО2 in the structural 
components of the total phytomass. There was strong 
direct correlation between the main products and the 
involvement of С-СО2 of the main products and the to-
tal phytomass, whereas with the involvement of С-СО2 
in by-products and roots the relation was found at the 
level of medium direct correlation and with the capac-
ity of С-СО2 balance the level of the relation increases 
to the level of strong direct correlation.

There were 1.15 units of С-СО2 per one unit of the 
yield of the main products, 1.61 units – for by-products, 

Fig. 1. The general model of the correlation between the 
yield of the main products, the capacity of С-СО2 balance 
and the level of sequestration of С-СО2 into the components 
of total phytomass of a short crop rotation
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0.58 units – for the root mass, 3.56 units of С-СО2 – for 
the total phytomass. 6.45 units of the capacity balance 
were per one unit of the yield of the main products.

In conditions of the intense fertilization system, the 
level of correlation relationships between the yield of 
the main products and structural components was pre-
served at the level of high direct correlation relations: 
R = 0.75–0.88 ± 0.02; R2 = 0.66–0.77. A higher share 
of С-СО2 involvement was found per one unit of the 
yield of the main products: the main and by-products – 
1.26-fold increase (1.45 and 2.03 units), root mass – 
1.46-fold increase (0.85 units) and total phytomass 
(5.20 units), and the capacity of balance was spent 
1.18–1.20 times more (7.6–7.8 units) compared to the 
general model of mutual relations.

At the organic fertilization system, the yield of the 
main products with the involvement of С-СО2 into 
structural components of the total phytomass weak-
ened to the medium level of inverse correlation 
(R=–0.43–0.48 ± 0.02; R2 = 0.19–0.23), and between 
the yield of the main products and the capacity of 
С-СО2 balance the relation was at the level of inverse 
correlation at the medium level: R = –0.49 ± 0.02; 
R2 = 0.24. The relation between the yield of the main 
products and the involvement of С-СО2 in the forma-
tion of the root mass was at the level of medium direct 
correlation which demonstrates the intensity of the for-
mation of the root system at the organic fertilization 
system. The regression coeffi cients in the equations of 
dependence between the yield of the main products and 
structural components of the total phytomass were neg-
ative, which demonstrated the limitations of С-СО2 in-
volvement in the phytomass of the main products. For 
instance, the formation of one unit of the main products 
lacked 0.045 units of С-СО2, that of by-products – 0.66 
units, total phytomass – 0.90 units of С-СО2, and the 
capacity of С-СО2 balance in the defi ciency was 1.10 
units of С-СО2.

The yield of feed units from 1 ha of the crop rota-
tion in the general model of dependences between the 
involvement of С-СО2 in the structural components 
of the total phytomass and the capacity balance had 
direct medium and strong correlation. With the in-
volvement of С-СО2 in the main products and to the 
total phytomass at the level of R = 0.75–0.81 ± 0.02; 
R2 = 0.56–0.66, and with the involvement of С-СО2 in 
the by-products and roots – at the level of direct medi-
um correlation: R = 0.59–0.65 ± 0.02; R2 = 0.35–0.42. 
The capacity of balance correlated with the yield of 
feed units per 1 ha of agricultural fi elds at the level of 

strong direct correlation: R=0.75±0.03; R2=0.56. There 
were 0.87 units of С-СО2 of the main products, 1.19 
units of by-products, 2.68 units of the total phytomass 
and 4.84 units of the capacity С-СО2 balance per one 
unit of the yield of feed units.

At the intense fertilization system, the correlations 
with the yield of feed units from 1 ha of the crop ro-
tation and the involvement of С-СО2 in the compo-
nents of the total biomass structure were preserved 
at the level of direct correlation, which corresponded 
to a high level of correlation: R = 0.86–0.88 ± 0.02; 
R2 = 0.74–0.76, and the capacity of С-СО2 balance cor-
related with the yield of f.u. at a higher correlation level 
(R = 0.86 ± 0.02; R2 = 0.74) compared to the general 
model. There was 1.24–1.26 times more С-СО2 of the 
main and by-products, 1.46 times more С-СО2 in the 
total phytomass and 1.14 times more С-СО2 of the ca-
pacity balance per one unit of the yield of f.u. (Fig. 2).

Fig. 2. The general model of the correlation between the 
yield of the f.u, the capacity of С-СО2 balance and the level 
of sequestration of С-СО2 into the components of total phy-
tomass of a short crop rotation
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While applying the organic fertilization system, the 
correlations between the yield of f.u. and the involve-
ment of С-СО2 in the structural components of the total 
phytomass and the capacity balance acquired negative 
values, and with the involvement of С-СО2 in the root 
system the relation was at the level of direct medium 
correlation which demonstrated enhancing the process-
es of root system formation.

The defi ciency of involving С-СО2 in the formation 
of structural components while forming the yield of f.u. 
from 1 ha of agricultural fi elds was –0.02 units of the 
main products, –0.047 units of by-products and –0.62 
units of the total phytomass, and the defi ciency of the 
balance capacity was –0.66 units of С-СО2, which 

served as the main limiting factor of the increase in ag-
rocenosis performance.

According to the general model of the yield of digest-
ible protein per 1 ha of agricultural fi elds, direct corre-
lation was established with the involvement of С-СО2 
in structural components of the total phytomass at the 
medium and strong level (Fig. 3).

Thus, the yield of digestible protein and involvement 
of С-СО2 in the main products and the total phytomass 
had strong direct correlation: R = 0.69–0.75 ± 0.02; 
R2 = 0.48–0.56, and with the involvement of С-СО2 
into by-products and roots the correlation was at the 
medium level: R = 0.55–0.56 ± 0.02; R2 = 0.30–0.32, 
which was the weakening of correlations at the model 
of involvement in structural components of nitrogen 
phytomass. There were 8.25 units of С-СО2 for the 
main products, 12.1 units of С-СО2 for by-products, 
3.84 units of С-СО2 for the roots, 25.9 units of С-СО2 
for the general phytomass and 46.5 units of С-СО2 for 
balance capacity per one unit of the yield of digest-
ible protein. There was 1.15 times less С-СО2 of the 
main products, 1.26 times less С-СО2 – of by-products, 
1.44 times more С-СО2 – root mass and 1.33 times less 
С-СО2 of the total phytomass per one unit of the yield 
of digestible protein, and 1.07–1.22 times less capacity 
balance of С-СО2 was involved compared to the gen-
eral model and the model of interrelations in the intense 
fertilization system.

In conditions of the organic fertilization system, the 
correlation relationships between the yield of digest-
ible protein and the involvement of С-СО2 into the 
structural components of the total phytomass and the 
balance capacity became of inverse character at the 
level of medium and weak correlation relationships: 
R = 0.38–43 ± 0.02; R2 = 0.15–0.19, and with the in-
volvement of С-СО2 in the main products and the root 
system the correlation was direct at the medium level 
of values: R = 0.39–0.43 ± 0.03; R2 = 0.15–0.19.

The defi ciency of the balance capacity per one unit of 
the yield of digestible protein was 1.75 units of С-СО2, 
total phytomass and by-products – –3.13 and –2.87 
units of С-СО2, and the involvement of С-СО2 in the 
main products occurred with insignifi cant profi cit: 0.18 
and 0.83 units of С-СО2.

It was established that the yield of the main prod-
ucts in the general model of performance of a short 
crop rotation had strong direct correlation with the re-
moval of nitrogen with the main products (R = 0.86 ±
± 0.03; R2 = 0.74), and with N from humus minerali-

Fig. 3. The general model of the correlation between the 
yield of digestible protein, the capacity of С-СО2 balance 
and the level of sequestration of С-СО2 into the components 
of total phytomass of a short crop rotation
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zation R = 0.83 ± 0.02; R2 = 0.69. The general loss 
of N correlated with the yield of the main products at 
the level of strong direct correlation: R = 0.85 ± 0.02; 
R2 = 0.73. A direct correlation relationship was es-
tablished between the yield of the main products 
and С-СО2 from mineralization of by-products (R =
= 0.74 ± 0.02; R2 = 0.55), and with С-СО2 from humus 
mineralization the correlation relationship was at the 
low level: R = 0.25 ± 0.09; R2 = 0.06 (Fig. 3).

The presence of direct correlation relationships be-
tween the general removal of N, nitrogen from hu-
mus mineralization, the total loss of N and С-СО2 of 

mineralization of by-products and С-СО2 of the gen-
eral mineralization demonstrated the relevance of ni-
trogen-carbon circulation with the formation of crop 
rotation performance via the yield of the main prod-
ucts. According to the established regularity, the com-
bination of direct correlation relationships is formed 
by the yield of feed units from 1 ha of agricultural 
fi elds. The correlation relationships between the items 
of nitrogen-carbon balance were at the level of R = 
= 0.81–0.85 ± 0.02; R2 = 0.66–0.73 regarding nitrogen 
and R = 0.71–0.74 ± 0.02; R2 = 0.50–0.55 regarding 
С-СО2 (Fig. 4).

Removal of N with the main products, kg/ha (L)

N of humus mineralization, kg/ha (L)

Loss of N, total, kg/ha (L)

CO  of mineralization of by-products, t/ha (R)2

CO  of humus mineralization, t/ha (R)2

CO  of mineralization, total, t/ha (R)2

Fig. 4. The general model of nitrogen-sequestration circula-
tion of С-СО2 in agrocenoses of short crop rotations at dif-
ferent fertilization systems
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At the intense fertilization system, the correlation 
relationship between the yield of the main products, 
the total removal of nitrogen, the nitrogen of humus 
mineralization and the general loss of N was at the le-

vel of strong direct correlation: R = 0.81–0.85 ± 0.02; 
R2 = 0.65–0.72, and with N of denitrifi cation the re-
lation was inverse at the level of medium correlation: 
R = –0.58 ± 0.03; R2 = 0.35. The yield of the main 

Fig. 5. The general model of the dependence between the balance capacity of N, Corg and С-СО2 and the performance of short 
rotations
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products with С-СО2 of the mineralization of by-prod-
ucts correlated at the level of strong direct correlation 
and with С-СО2 of mineralization the relation was 
inverse and at the medium level: R = –0.56 ± 0.02; 
R2 = 0.32. In general, С-СО2 of total mineralization 
with the yield of the main products correlated at the 
level of R = 0.68–0.70 ± 0.02; R2 = 0.46–0.50. The re-
lations between the yield of feed units from 1 ha of 
agricultural fi elds and the components of nitrogen-car-
bon balance were formed by a similar regularity: the 
correlation relationship with the total removal of N, 
the nitrogen of humus mineralization, the general loss 
of N was at the level of strong direct correlation: R = 
= 0.77–0.81 ± 0.02; R2 =0.59–0.66; R2 = 0.35–0.45, and 
with the loss of nitrogen via denitrifi cation the correla-
tion was inverse and at the medium level: R = –0.59 ± 
± 0.03; R2 = 0.35. There was direct relationship between 
the yield of feed units and С-СО2 of the mineralization 
of by-products and С-СО2 of general mineralization: R 
= 0.70–0.87 ± 0.02; R2 = 0.49–0.75, and С-СО2 from 
humus mineralization the relationship was at the level 
of inverse correlation of the medium level: R = –0.58 ±
± 0.02; R2 = 0.35.

There was 1.24 times more nitrogen of the main 
products, 1.22 times more N of humus mineralization 
and 1.18 times more expenses of the general removal 
of nitrogen, 1.54 times more С-СО2 from the miner-
alization of by-products regarding the general model 
of relationships per one unit of the yield of the main 
products.

There was 1.16 times less total N in the main prod-
ucts per one unit of the yield of the main products, 1.12 
times less N from humus mineralization and 1.33 times 
less N of the total loss from mineralization regarding 
the intense system of fertilization. 1.4 times less С-СО2 
was spent per one unit of the formed main products and 
2.07 times less С-СО2 from mineralization in general.

A high tense correlation relationship was established 
between the yield of the main products and nitrogen 
in the main products, nitrogen of humus mineraliza-
tion and the total loss of nitrogen for mineralization at 
the organic fertilization system: R = 0.85–0.88 ± 0.02; 
R2 = 0.72–0.77, and with С-СО2 from mineralization of 
by-products, humus mineralization and general miner-
alization the relationship was at the level of weak corre-
lation, which demonstrated the disbalance in nitrogen-
carbon circulation, when due to enhanced humifi cation 
there was a weaker uptake of СО2 from mineralization, 
which limited the intensity of photosynthesis and im-
pacted the decrease in the performance of crops in the 

agrocenosis of a crop rotation. The relation between the 
yield of feed units from 1 ha of agricultural fi elds and 
the components of balance between N and С-СО2 from 
mineralization was formed by a similar regularity: 
R = 0.86–0.88 ± 0.02; R2 = 0.74–0.77 for the items of 
nitrogen and weak correlation for items of С-СО2 from 
humus mineralization and by-products.

1.1 times less nitrogen was spent per one unit of the 
yield of the main products, 1.32 times less nitrogen 
from humus mineralization and 1.50 times less nitro-
gen from general mineralization in the agrocenosis 
compared to the intense system of fertilization, and 
the loss of С-СО2 by items of balance was defi cient: 
regression coeffi cients were negative which demon-
strated the disbalance of nitrogen-carbon circulation in 
the agrocenosis of a crop rotation at the organic fertil-
ization system.

The factor analysis demonstrated that the determining 
factors of nitrogen-carbon circulation were as follows: 
the weight of total phytomass (performance), nitrogen 
in the total phytomass, balance capacity of nitrogen, 
Сorg, С-СО2. The correlation regarding the main factor 
was high and inverse. It was established that there was 
constricted correlation relationship between the bal-
ance capacity of N and balance capacity of С-СО2 (R

2 
= 0.82 ± 0.03; R2 = 0.67), and with the balance capacity 
Сorg the relationship was at the level of weak inverse 
correlation (R = –0.40 ± 0.03; R2 = 0.16). A similar 
level of relationship was established between the bal-
ance capacity of С-СО2 and Сorg: R = –0.50 ± 0.02; 
R2 = 0.25, but there was strong correlation between 
the balance capacity of N and С-СО2 and the yield of 
the main products: R = 0.76–0.88 ± 0.03; R2 = 0.58–
0.78, and with the capacity of Сorgthe relationship 
was inverse at the level of medium correlation: R = 
= 0.35–0.45 ± 0.02; R2 = 0.12–0.21 (Fig. 5).

CONCLUSIONS

The performance of short crop rotations is determined 
by the capacity of nitrogen and С-СО2 balance. Strong 
inverse correlation was found between the capacity of 
N and the ratio between C and N in the agrocenosis, 
which demonstrated that enhancing the humifi cation 
processes (ratio constriction) led to the increase in the 
capacity of Сorg balance and the decrease in the capac-
ity level of С-СО2 balance (enhancing mineralization), 
related to the reduction in the performance of crops in 
the agrocenosis of a crop rotation at the organic system 
of fertilization.
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The correlation level between the balance capacity 
of С-СО2 and Сорг is medium and inverse, and with the 
yield of the main products, feed units and digestible 
protein – at the level of strong direct correlation. The 
performance of short crop rotations is determined by 
the capacity of С-СО2 balance.

General mineralization of by-products and humus in 
the agrocenosis and humifi cation processes are antago-
nists, so extending the ratio between С and N at the 
intense fertilization system stimulates the increase in 
performance and reducing С to N at the organic fertil-
ization system enhances the humifi cation process due 
to binding of Сorg into humus and limits mineralization 
which leads to the reduction in agrocenosis perfor-
mance.
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Мета. Розробити методологію агроекологічної оцінки 
продуктивності короткоротаційної сівозміни за умов
інтенсивної та органічної систем удобрення на 
основі встановлення нормативних параметрів емісії і 
секвестрації обігу С-СО2 при використанні побічної 
продукції у якості органічних добрив в умовах сучасної 
кліматичної системи Лісостепу України. Методи. По-
льовий, статистичний, лабораторний. Результати. 
Продуктивність короткоротаційних сівозмін визнача-
ється ємністю балансу С-СО2. Між ємністю N та спів-
відношенням С до N в агроценозі виявлено обернену 
сильну кореляцію, а це свідчить про те, що при посилен-
ні процесів гуміфікації (звуження співвідношення) від-
бувається зростання ємності балансу Сорг і зниження 
рівня ємності балансу С-СО2 (посилення мінералізації) 
і пов’язано з зниженням продуктивності культур в
агроценозі сівозміни як за органічної системи удоб-
рення. Між ємністю балансу С-СО2 і Сорг рівень кореля-
ції середній і оберненого спрямування, а з виходом 
основної продукції, к. о. і перетравним протеїном на 
рівні прямої сильної кореляції. Висновки. Загальна 
мінералізація побічної продукції і гумусу в агроценозі 
та процеси гуміфікації є антагоністами, а тому роз-
ширення співвідношення С до N за інтенсивної систе-
ми удоб-рення стимулює ріст продуктивності, а звужен-
ня С до N як за органічної системи удобрення посилює 
процес гуміфікації за рахунок зв’язування Сорг у гумус 

і стримує мінералізацію, що призводить до зниження 
продуктивності агроценозу за органічної системи 
удобрення.
Ключові слова: секвестрація, оксид карбону, органічна 
система удобрення, ємність балансу, основна продукція, 
перетравний протеїн.
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Цель. Разработать методологию агроэкологической 
оценки производительности короткоротацийний сево-
оборота в условиях интенсивной и органической сис-
тем удобрения на основе установления нормативных 
параметров эмиссии и секвестрации обращения С-СО2 
при использовании побочной продукции в качестве 
органических удобрений в условиях современной кли-
матической системы Лесостепи Украины. Методы. По-
левой, статистический, лабораторный. Результаты. Про-
изводительность короткоротационных севооборотов оп-
ределяется емкостью баланса С-СО2. Между емкостью 
баланса N и соотношением С к N в агроценозах 
установлена обратная сильная корреляция, а это сви-
детельствует о том, что при усилении процессов 
гумификации (сужение соотношения) происходит рост
емкости баланса Сорг и снижение уровня емкости ба-
ланса С-СО2 (усиление минерализации) и связано со 
снижением продуктивности культур в агроценозах се-
вооборотов как при органической системе удобрения. 
Между емкостью баланса С-СО2 и Сорг уровень кор-
реляции средний и обратного направления, а с выходом 
основной продукции, к. о. и перевариваемого протеина 
на уровне прямой сильной корреляции. Выводы. Об-
щая минерализация побочной продукции и гумуса в
агроценозах и процессы гумификации являются анта-
гонистами, поэтому расширение соотношения С к 
N при интенсивной системе удобрения стимулирует 
рост производительности, а сужение С к N как при 
органической системе удобрения усиливает процесс 
гумификации за счет связывания Сорг в гумус и сдер-
живает минерализацию, что приводит к снижению про-
изводительности агроценоза как при органической сис-
теме удобрения.
Ключевые слова: секвестрация, оксид углерода, орга-
ническая система удобрения, емкость баланса, основ-
ная продукция, перевариваемый протеин.
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INTRODUCTION

Hop is a unique plant, whose cones contain over 100 
bitter substances, not found in other plants, about 325 
components of essential oil and over 70 polyphenol 

compounds [1–3]. The use of hop in beer brewing is 
conditioned by a number of numerous plants therein, 
which belong to biologically active compounds that 
ensure biological resistance of beer, promote its con-
servation, create foam and unique bouquet of taste 
and aroma properties. Different varieties of hop create 
a unique remarkable aroma and taste in beer [1–3]. In 
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addition to beer brewing, hop is used in baking bread, 
in pharmacology, scientifi cally grounded and folk 
medicine. As for the latter, hop cones have been used 
for over 2,500 years. Currently the world’s pharma-
ceutical industry produces over 100 medicinal prep-
arations on the basis of hop components. The main 
substances, conditioning the biological activity of hop 
cones, are bitter substances, phenol compounds and 
essential oil [4, 5].

Current level of knowledge about biologically active 
compounds of hop and their properties on the basis of 
recent studies and publications analysis. Bitter sub-
stances, contained in hop cones, were not revealed in 
other plants by chemical structure, physical-chemical 
indices and organoleptic properties [2, 6]. Alpha-, and 
especially, beta-acids, which are components of bitter 
substances of hop, inhibit the development of gram-
positive, gram-negative bacteria and acid-forming 
microorganisms, but they do not impact the develop-
ment and activity of yeasts [1, 4, 5]. This is of great 
relevance for beer technology, as the optimal content 
of bitter substances therein increases its microbiologi-
cal resistance. Specifi c qualities of beer are mostly in-
fl uenced by isomers of initial bitter substances of hop, 
which are in insignifi cant quantities in the cones, and 
formed in the process of boiling wort with hop. In addi-
tion to antibiotic properties regarding bacterial micro-
fl ora, humulone, one of alpha-acid homologues, inhib-
its the growth of some harmful fungi.

Japanese scientists have proven that beta-acids of 
hop inhibit the growth of Helicobacter pylori bacteria 
which have infected almost a half of the world’s popu-
lation and conditions the development of gastritis and 
peptic ulcer. The interrelation between the presence of 
these bacteria and the occurrence of stomach cancer 
has been established [7].

It is known that one of beta-lupulinic acids – colupu-
lone – prevents the development of many microorgan-
isms, including such pathogens as Staphylococcus au-
reus, Mycobacterium tuberculosis and Mycobacterium 
plhei. It was studied as far as in 1949 that α- and β-acids 
were effi cient in suspending the growth of tuberculosis 
bacteria [8]. They are notable for both antiseptic and 
sedative effect [7, 9].

Different content of polyphenol compounds in differ-
ent hop varieties impacts the taste and aroma of beer 
made of them. Hop polyphenols are antioxidants, in-
creasing the restoring property of beer and affecting 
taste stability. They promote protein precipitation and 
the formation of complex protein-polyphenol complex-

es during boiling, which promotes wort clearing and 
protection of bitter substances of hop from oxidation 
and losses. However, during long-term boiling high 
molecular polyphenols of hop create an unpleasant as-
tringent fl avor of beer. Thus, polyphenol substances of 
hop affect the taste and quality of beer not independent-
ly, but in the complex with bitter substances of hop, 
protein, and aminoacids of wort.

Salach and other researchers analyzed the quality of 
hop depending on the content of polyphenols therein 
and noted that in Czech varieties the latter are much 
more numerous compared to hop varieties of other 
countries. For instance, the content of polyphenols 
in hop of Czech variety, Zhatetsky, which is remark-
able for the highest quality, is 5.2–5.9 %, whereas the 
same compound in American varieties does not exceed 
2.6 %. The scientists deemed high content of polyphe-
nols in Zhatetsky hop to be its advantage over other va-
rieties. Modern researchers also believe that beer, made 
of hop, containing about 5 % of polyphenols, has the 
highest quality [10, 11].

Among hop phenols there are also such unique 
compounds as prenyl fl avonoids of chalcone and fl a-
vanone types. Previously prenyl fl avonoids were paid 
suffi cient attention neither from the standpoint of hop-
breeding industry, nor from the standpoint of using 
them in the process of beer production. Only at the end 
of the last century [12, 13] scientists started studying 
these substances actively due to detecting their high 
biological activity. Currently [14, 15] over two dozen 
of compounds have been revealed in hop, which be-
long to the group of prenyl fl avonoids. They have an 
extremely wide spectrum of biological activity. In par-
ticular, xanthohumol is currently studied as a potential 
anti-cancer means. Prenyl fl avonoids of hop manifest 
anti-carcinogenic, phytoestrogen, antioxidant and an-
tiviral properties. Scientists presented rather a wide 
spectrum of antiviral effect of prenyl fl avonoids of hop 
[5, 8, 16–22]. In the cell culture, hop extracts, enriched 
with xanthohumol, moderately inhibit the reproduction 
of bovine viral diarrhea virus which serves as a surro-
gate model of hepatitis C virus (HCV), herpes simplex 
virus type 2 (HSV-2) and rhinovirus [23].

The antioxidant activity of prenyl fl avonoids was 
also determined, their effect was manifested in neu-
tralizing active radicals of oxygen and inhibiting the 
processes of free radical oxidation, which lie in the 
foundation of cardio-vascular diseases [24, 25]. The 
most relevant chalcone of hop is xanthohumol, the 
content of which fl uctuates in the range of 0.2–1.1 % 
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from the mass directly after harvesting of different 
varieties [7, 9, 24, 25]. During the process of boiling 
wort and hop about 70 % of xanthohumol is isom-
erised into isoxanthohumol, which also has a high 
anti-carcinogenic potential [26].

It is noteworthy that according to the data of experi-
mental studies xanthohumol manifested considerable 
chemoprophylactic activity regarding the processes of 
oncogenesis, including specifi c stages of mechanisms 
of inhibiting proliferation and metastasis [27]. It was 
established that it was an active modulator of enzyme 
activity, in particular, quinone reductase and enzyme 
CYP450 as well as the ones, taking direct or indirect 
part in metabolism and detoxication of carcinogens 
(inhibiting the formation and absorption of reactive 
oxygen species, including the formation of superoxide-
anion and nitrogen oxide) [28].

There are current works, dedicated to the signifi -
cance of phytoestrogens in human nutrition [29]. It is 
believed that the nutrition of the population of Western 
and Central Europe lacks phytoestrogens which may 
have a negative effect on health condition. For instance, 
the concentration of phytoestrogens in the nutrition of 
Europeans is about 100 times smaller compared to the 
Asian countries. Therefore, an urgent current issue is 
studying the sources and possibilities of increasing 
their daily consumption. One of these sources may 
be found in prenyl naringenins of hop which manifest 
phytoestrogen activity. Phytoestrogens manifest anti-
carcinogenic effect and decrease the risk of hormone-
dependent formations considerably, for instance, breast 
cancer, uterine and prostate cancer [8].

Taking into consideration substantiated practical in-
terest in prenyl fl avonoids of hop and, in particular, in 
8-prenyl naringenin, noteworthy is the main nutritional 
source of these components – beer and food products, 
in which hop is used. Depending on the technological 
process of beer brewing and used variety of hop, the 
concentration of these substances in the product may 
reach 4 mg/l. It is known that the dominating prenyl 
fl avonoid in raw material is chalcone xanthohumol (up 
to 1 %), but thermal isomerization occurs in the process 
of wort boiling, due to which a larger part of xantho-
humol is transformed into isoxanthohumol. As a result, 
the main prenyl fl avonoid of beer is isoxanthohumol, 
whose concentrations fl uctuate from 500 mcg/l (lager/
pilsner) to 4 mg/l (strong ale). As for another chalcone, 
desmethylxanthohumol, after thermal isomeration, 
it is transformed to 8-prenyl naringenin and 6-prenyl 
naringenin in variable ratios between them. Although 

the maximal concentration of 8-prenyl naringenin in 
beer may reach 100 mcl/l, total estrogen activity of 
the beverage is 500–1000 times lower compared to 
the hazardous concentration, determined in rats in vivo 
(≈100 mg/l) [28]. In addition, modern mass production 
of beer uses hop extracts, but not its solid raw material, 
which decreases or excludes the content of 8-prenyl 
naringenin in the fi nal product considerably [28]. 

Xanthohumol and isoxanthohumol are supposed to 
be the main compounds, determining the positive ef-
fect of beer on human health on condition of its moder-
ate consumption [5, 17, 30]. Due to this fact, an urgent 
task of current practice of beer production is increasing 
the content of prenyl chalcones in beer, elaborating the 
technologies of producing beer and hop extracts, en-
riched with xanthohumol, designed for beer brewing, 
food, pharmaceutical, and other branches of economy 
[17, 28, 30]. To solve this problem and to obtain high 
quality hop raw materials with high content of prenyl 
fl avonoids, one should study the content of xanthohu-
mol and other biologically active compounds in hop 
cones of Ukrainian varieties and determine, at which 
stage of cone ripeness the maximal amount of this 
compound is accumulated.

The aim of the study was to investigate the properties 
of biologically active hop compounds, to study their 
content in the hop cones of Ukrainian varieties, the dy-
namics of accumulating alpha-acids and xanthohumol 
and to determine the interrelations between them.

MATERIAL AND METHODS

The studies were conducted in 2011–2017 in the ac-
credited laboratory of the Department of biochemistry 
of hop and beer of the Institute of Agriculture of Polis-
sia, NAAS of Ukraine. 

Solving the set tasks envisaged the application of the 
following methods: monographic method – to study 
positive experience on these issues, analysis, synthesis, 
and comparison, studying the results of investigations 
and forming the conclusions, mathematical-statistical 
and modern physical and chemical methods of deter-
mining qualitative indices of hop, special and common 
for hop-breeding industry. The study investigated the 
samples of hop cones of aromatic and bitter varieties 
of Ukrainian breeding and foreign hop products. Hop 
samples of each variety were selected in the phase of 
complete technical maturity from at least 10 bushes 
from the medium layer of plants. The mass of the aver-
age sample for identifi cation and biochemical stu-dies 
was at least 1 kg of dry hop. Hop samples were dried to 
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standard humidity of 9–12 %. The number of alpha-ac-
ids – a conductometric index of bitterness in hop cones 
– was determined by the methods of European Brew-
ery Convention (EBC 7.4) [2, 31, 32]. The method is 
based on conductometric titration of hexane extract of 
bitter substances using the solution of lead acetate and 
further estimation of the mass content of alpha-acids. 
Bitter substances, including alpha-acids, beta-acids 
and xanthohumol were extracted with organic sol-
vent – methanol. The ratio between the mass of hop 
cones and extraction agent was 1 : 10. The amount of 
xanthohumol, alpha- and beta-acids and their homo-
logues were detected by the method of highly effi cient 
liquid chromatography. The detection was conducted 
by EBC method 7.7 [32]. Chromatography was con-
ducted with liquid chromatograph Ultimate 3000 with 
UV detector at 35 ºС. A column of 100 × 2.1 mm, fi lled 
with a sorbent Pinacle DB C18 3 mc, was used. The 
solution of methanol, water, and acetonitrile in the ratio 
38 : 24 : 38 was used as a mobile phase. The quantita-
tive determination of xanthohumol involved the use of 
standard-reference of xanthohumol with the content of 
this compound of 99.8 %, and the determination of bit-
ter substances – the international reference ICE 3.

RESULTS OF INVESTIGATIONS

The main index of brewing quality of hop variety and 
a price-forming factor of hop raw material is the pres-
ence of cones of bitter substances, in particular, the con-
tent of alpha-acids therein. The content of alpha-acids 

in hop cones depends both on the variety, agrotechni-
cal measures, cultivation technologies and on weather 
conditions of the year, especially in the period of for-
mation and maturity of cones. It should be noted that 
abnormally high temperatures of July-August 2015 and 
insuffi cient precipitation during the period of synthesis 
of bitter and other biologically active substances led 
to uncharacteristically low accumulation of these sub-
stances in this year, thus, the values of indices of alpha-
acids and xanthohumol for 2015 were not considered in 
further analysis and characterization of varieties.

The average values of the content of alpha-acids in 
hop varieties of Ukrainian breeding are presented in 
Table 1. The analysis of the data demonstrated that the 
indices of the amount of alpha-acids were considerably 
different both by specifi c varieties and by the years 
of studies. The amount of alpha-acids in the varieties 
changed from 2.9 % in the cones of fi ne aroma variety 
Klon-18 to 13.0 % in bitter variety Alta. Among the va-
rieties of fi ne aroma type, the highest content of alpha-
acids was determined in cones of Natsionalny variety, 
the average value – 6.1 %, of aroma type – in Zahrava 
variety, the average value – 6.5 %, and bitter group – in 
cones of Alta variety, the average value – 10.7 %.

The studies allowed determining a complex bio-
chemical estimation of Ukrainian and foreign varieties 
of hop, the products of processing of which are of con-
siderable interest for Ukrainian brewers. The character-
istics of hop of these varieties are presented in Table 2. 
Quality indices of foreign hop varieties, determined by 

Table 1. The content of alpha-acids in Ukrainian hop varieties, % to dry matter (average for 2011–2017)

Hop variety
Years of studies

2011 2012 2013 2014 2016 2017 Average, %

Fina aroma type of hop

Klon-18
Zlato Polissia
Slovianka
Natsionalny

3.8
5.1
5.3
7.6

4.8
3.1
5.9
6.2

4.3
4.8
5.6
7.2

2.9
3.8
4.5
7.3

3.7
3.9
4.8
4.2

4.5
4.2
5.8
4.2

4.0
4.2
5.3
6.1

Aroma type of hop

Zahrava
Haidamatsky

6.8
4.5

7.3
6.0

6.1
5.0

7.5
3.2

5.3
4.7

5.7
4.3

6.5
4.6

Bitter type of hop

Alta 
Promin

10.6
8.7

9.8
7.1

13.0
6.7

9.7
6.5

9.6
6.1

11.7
7.2

10.7
7.1
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us, coincide with passport data of the countries-produ-
cers of these varieties. 

The study of biochemical composition of hop cones 
of the best aroma varieties in the world: Klon-18 
(Ukraine), Saaz (Czech Republic), Lublin (Poland), 
Tettnanger (Germany) and hop of other varieties which 
are used at brewing plants of Ukraine, demonstrated 
that the characteristic specifi city of fi ne aromatic and 
aroma varieties was a considerable advantage in resins 
of the shares of beta-acids over the share of alpha-ac-
ids. Thus, they preserved a positive coeffi cient of aro-
maticity between the content of beta- and alpha-acids 
which is over 1. This is one of decisive features while 
estimating the brewing quality of hop. Also, the main 
criteria of referring the variety to a certain type are the 
amount and qualitative composition of bitter substanc-
es, essential oil and xanthohumol, i.e. the classifi ca-
tion is composed by varietal features. In the opinion 
of scientists and brewery specialists of Germany, the 
Czech Republic, the United States of America, and Slo-
venia, the mass share of cohumulone in the composi-
tion of alpha-acids for fi ne aroma varieties should not 

exceed 30. The lowest amount of this homologue of 
alpha-acids among European and American varieties is 
attributed to German variety Saphir – from 11 to 17 %. 
As for Ukrainian varieties, the lowest amount of this 
substance was detected in Natsionalny hop variety.

In aroma hop of Ukrainian varieties – Klon-18, Zlato 
Polissia, Slovianka, high quality composition of bit-
ter substances is combined with fi ne aroma of farnesyl 
type, remarkable for the best European varieties, such 
as Saaz, Lublin, Tettnanger.

There is a noted high brewing estimation of Klon-18 
hop variety which carries a historic tradition of Ukrai-
nian hop-breeding and brewing. Last century it was one 
of the best fi ne aroma varieties in the world which is 
a part of a large family of Zatec hops. The variety is 
not high-yielding, the content of alpha-acids is at the 
low level, but due to aroma properties, it is one of hop 
varieties, popular among brewers. Klon-18 has a very 
fi ne aroma with grass, fruit and fl ower notes. Due to a 
low content of bitter substances, the advantage of this 
hop variety is its aroma, though Klon-8 is also used to 
add some bitterness to beer. The comparison of char-

Table 2. The biochemical indices of hop varieties of Ukrainian and foreign breeding (average for 2011–2017)

Variety of hop
Content of 

α-acids, %, EBC 
method 7.4

Content of 
β-acids, %, ЕВС 

method 7.7

β/α, ЕВС 
method 7.7

Content 
of essential 

oil, ml/100 g 
of dry hop

Cohumulone 
in the content 
of α-acids, %, 

method ЕВС 7.7

Fina aroma type of hop

Klon-18 (Ukraine)
Saaz (Czech Republic)
Lublin (Poland)
Tettnanger (Germany)
Saphir (Germany)
Slovianka (Ukraine)
Natsionalny (Ukraine)

2.5–5.3
2.5–6.0
3.8–4.8
2.5–5.4
1.8–3.9
4.2–6.9
5.0–7.9

3.5–6.5
4.5–7.0
2.7–3.5
3.0–5.1
3.2–6.8
5.3–8.7
4.6–8.1

0.9–1.3
1.2–1.4
0.7–1.0
0.9–1.1
1.7–2.3
1.3–1.8
0.9–1.2

0.4–0.7
0.4–0.8
0.5–0.7
0.3–0.8
0.6–1.0
1.3–2.0
0.8–1.2

23.5–28.8
24.7–28.3
25.3–29.7
22.3–28.1
11.5–16.5
21.7–25.8
20.4–24.6

Aroma type of hop

Zahrava (Ukraine)
Hallertauer Tradition (Germany)
Haidamatsky(Ukraine) 

5.1–7.5
4.6–6.5
3.2–6.0

4.8–6.4
3.8–5.5
4.0–6.2

0.9–1.3
0.8–0.9
1.2–1.5

1.8–2.5
0.4–0.8
0.5–1.0

21.1–26.7
24.1–28.5
26.5–29.7

Bitter type of hop

Alta (Ukraine) 
Magnum (Germany)
Columbus (USA)
Tomahawk (USA)

9.6–13.0
11.3–15.7
14.0–16.0
15.0–17.8

6.3–7.0
3.4–7.2
4.5–5.8
4.9–5.7

0.5–0.6
0.5–0.6

0.28–0.35
0.27–0.33

1.0–2.0
1.1–1.8
1.5–3.0
1.6–4.0

23.2–25.6
22.8–29.0
29.0–39.0
26.0–30.0
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acteristics of hop varieties Klon-18, Zlato Polissia and 
Saaz demonstrated that these varieties were remark-
able for almost the same content of bitter substances. 
The amount of beta-acids in the varieties exceeds the 
content of alpha-acids, i.e. the positive coeffi cient of 
aromaticity is preserved. The content of essential oil 
in these varieties is about 1 %. It is presented by cari-
ofi len, humulene and farnesene.

Especially high brewing properties are noted for fi ne 
aroma and high-resinous hop variety Slovianka, which 
presents the elite group of fi ne aroma varieties. It is val-
ued for the unique composition of bitter substances and 
essential oil of farnesene type. Among the investigated 
varieties of Ukrainian and foreign breeding, Slovian-
ka has the highest content of beta-acids which is one 
and a half times higher compared to alpha-acids. This 
regularity is preserved for many years and is a varietal 
specifi city. The index of the ratio between beta- and al-
pha-acids, the amount and unique composition of bitter 
substances and essential oil in combination with other 
components characterize hop of this variety as an es-
pecially valuable fi ne aroma form of hop for brewing. 
The fi nest hop aroma and tender bitterness of this hop 
add unique exquisite bouquet of taste and noble aroma 
with grass and fl ower-fruity fl avor with nectar notes to 
different kinds of beer.

The same properties are remarkable for Natsion-
alny hop variety. This variety is remarkable for the 
highest content of alpha-acids in the fi ne aroma group 

and rather stable index of the ratio between beta- and 
alpha-acids. The essential oil is presented with a con-
siderable amount of farnesene. This combination of 
aroma and bitter substances in hop cones defi ned ex-
cellent brewing capacities of this variety. 

Zahrava is a highly resinous aroma variety. The 
unique character of bitterness and taste is due to low 
content of cohumulone in the composition of alpha-
acids which refers it to noble hop. This is one of aroma 
varieties of the world which has the highest amount 
of essential oil – up to 2.5 ml per 100 g of dry hop. 
Among foreign varieties, this amount of essential oil 
is usually present in bitter varieties such as Columbus, 
Tomahawk, etc. The balanced composition of aroma 
oil with a suffi cient amount of farnesene promotes 
the formation of spicy fl ower aroma with pronounced 
grassy character and fruit notes. Zahrava is a universal 
variety in beer production which is widely used while 
producing beer of all the traditional types. It is deemed 
to be double-purpose hop and is used both for bitter-
ness and aroma.

The abovementioned demonstrates that Ukraine is 
famous for its fi ne aroma and aroma varieties. Unfor-
tunately, Ukrainian varieties lack the ones like a Ger-
man variety Magnum, American varieties Columbus 
and Tomahawk, the content of alpha-acids in which 
exceeds 13 %. However, Alta variety has its criteria, 
similar to the famous German variety Magnum, the 
products of which are popular among beer producers 
but it has fewer bitter substances.

Table 3. The content of xanthohumol in hop varieties of Ukrainian breeding, (average for 2011–2017), % to dry matter

Hop variety
Years of studies

2011 2012 2013 2014 2016 2017 Average, %

Fina aroma type of hop

Klon-18
Zlato Polissia
Slovianka
Natsionalny

0.27
0.31
0.46
0.59

0.23
0.24
0.38
0.52

0.22
0.26
0.40
0.55

0.27
0.26
0.47
0.57

0.26
0.27
0.34
0.52

0.22
0.24
0.36
0.50

0.25
0.26
0.40
0.54

Aroma type of hop

Zahrava
Haidamatsky

0.49
0.34

0.50
0.27

0.44
0.29

0.46
0.32

0.42
0.33

0.46
0.30

0.46
0.31

Bitter type of hop

Alta 
Promin

0.21
0.39

0.17
0.29

0.19
0.31

0.20
0.30

0.22
0.30

0.21
0.33

0.20
0.32
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We have also investigated the amount of xanthohu-
mol in hop cones of Ukrainian varieties. The content of 
this compound during the years of studies is presented 
in Table 3.

As seen from the data in Table 3, the amount of xan-
thohumol in different varieties fl uctuates from 0.17 % 
in Alta cones to 0.59 % in Natsionalny variety. Within 
the years of studies, the highest amount of xanthohu-
mol was found in hop cones of the harvest for 2011, 
which was remarkable for favorable natural and cli-
matic conditions during the period of vegetation and 
maturity of this crop.

It should be noted that the highest amount of alpha-
acids was present in the cones of Alta variety (Table 1), 
however the content of xanthohumol was the lowest 
– 0.17–0.22 % to dry matter, i.e. the accumulation of 
this substance in hop cones is a varietal property, ge-
netically fi xed for each variety. The analysis of the data 
of Table 1 and Table 3 established that the quantitative 
content of xanthohumol in the cones of the investigated 
hop varieties did not depend on the type of hop, was a 
varietal feature and may be one of biochemical criteria 
of variety identifi cation.

Ukraine’s breeders bred and registered new hop va-
rieties with the increased content of xanthohumol – 
Ruslan and Xanthus, the characteristics of which are 
presented in Table 4, in the State Register of Plant Vari-
eties, Suitable for Dissemination in Ukraine. 

The data, obtained within 2011–2017, demonstrated 
that the average content of xanthohumol in hop cones 
of Xanthus variety fl uctuated from 0.72 % to 1.06 % 

to the mass of dry matter at the content of alpha-acids 
in the range from 7.1 % to 10.6 %. Low values of the 
content of alpha-acids and xanthohumol in hop cones 
of late-season variety Xanthus, the harvest of 2014, 
were explained by the fact that these samples of hop 
were taken according to the experiment scheme and 
analyzed at the end of the fi rst decade of September 
2014. Further on, early night frost, observed in the mid-
dle of the second decade of September, led to brown 
discoloring of the cones, the loss of alpha-acids and 
xanthohumol, i.e. in general, to the deterioration in the 
quality of hop cones. As in the second decade of Sep-
tember the cones of these varieties were already un-
suitable for further studies, the investigations with this 
variety were stopped and the data for 2014 were not 
taken into consideration in the estimation. The average 
value of xanthohumol in Xanthus variety is 0.96 % to 
the mass of dry matter at the content of alpha-acids of 
9.84 %. Among the Ukrainian hop varieties, the maxi-
mal amount of xanthohumol was found in Ruslan vari-
ety – 1.0 % on average to the mass of dry matter at the 
values of experimental data in the range from 0.88 to 
1.16 % and the content of alpha-acids in the range of 
8.3–10.8 %. In this respect the latter variety and Xan-
thus variety may be compared to the best world’s va-
rieties which have a high amount of prenyl fl avonoids, 
for instance, to the German variety Hallertauer Tau-
rus, the content of xanthohumol in the cones of which 
was 0.9–1.0 %, the Czech variety Agnus, which con-
tains about 1 % of xanthohumol or the English variety 
Admiral with the content of this compound of 0.95–
1.09 % [7]. Thus, during six years of studies hop varie-

Table 4. The content of alpha-acids and xanthohumol in promising hop varieties of Ukrainian breeding (2011–2017), % 
to dry matter

Years of studies

Xanthus hop variety Ruslan hop variety

Quality indices, % to dry matter

Content of alpha-acids Content of 
xanthohumol Content of alpha-acids Content of 

xanthohumol

2011
2012
2013
2014
2016
2017
Average
HIP05

10.4
9.2
9.1
7.1
10.6
9.9
9.84
0.37

1.06
0.90
0.92
0.72
0.96
0.96
0.96
0.03

10.8
9.2
10.2
10.0
8.3
9.2
9.61
0.33

1.16
0.92
1.10
1.02
0.88
0.91
1.00
0.04
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ties Xanthus and Ruslan had a high and stable content 
of xanthohumol, the amount of which fl uctuated in the 
range of 0.86–1.16 %. Unfortunately, these varieties 
were not widely disseminated in Ukrainian farms.

In 2012–2017 we also investigated the interrelation 
between the accumulation of xanthohumol and alpha-
acids in these hop varieties in the process of cone for-
mation and ripening. The dynamics of accumulation 
for these substances in hop cones of Ruslan variety is 
presented in Fig. 1.

Depending on natural-climatic conditions of the year, 
the recommended terms of harvesting hop cones, when 
xanthohumol and alpha-acids are maximally accumu-
lated in Ruslan variety, are the end of the fi rst and the 
start of the second decade of September.

Fig. 2 demonstrates the correlation dependence fi eld 
of xanthohumol accumulation on the content of alpha-

acids in the samples of Ruslan hop variety, regression 
equations and determination coeffi cient R2, with the 
building of the trend line. 

The dependence of xanthohumol accumulation on the 
amount of alpha-acids in hop cones of Ruslan variety 
is expressed in the correlation equation: ỹх = 0.0491х + 
+ 0.4775. There is a direct correlation between the 
properties. The correlation coeffi cient (r = 0.99 ± 0.1) 
demonstrates a strong relation between the accumula-
tion of xanthohumol and alpha-acids. The determina-
tion coeffi cient R2 = 0.9891 indicated that 98.91 % of 
fl uctuations in accumulation indices for hop xanthohu-
mol was related to the accumulation of alpha-acids, and 
the remaining 1.09 % – to other impact factors, which 
were not considered in this case, namely, temperature 
regime, precipitation during vegetation, damage by 
pests and diseases, etc.

Fig. 1. The dynamics of accumulation of xanthohumol and alpha-acids in hop cones of Ruslan variety

Fig. 2. The correlation dependence between the accumulation of xanthohumol and alpha-acids in hop cones of Ruslan variety
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The dynamics of accumulation of alpha-acids and 
xanthohumol in hop cones of Xanthus variety during 
the period of their formation is presented in Fig. 3.

The recommended terms of harvesting hop cones of 
Xanthus variety, when xanthohumol and alpha-acids 
are maximally accumulated, are the end of the second 
and the beginning of the third decade of September.

Fig. 4 demonstrates the correlation fi eld of the 
dependence of xanthohumol accumulation on the 
content of alpha-acids in the samples of Xanthus hop 
variety.

As for Xanthus variety, this dependence is expressed 
via a correlation equation: ỹх = 0.07х + 0.1285. There 
is a direct correlation between the properties. There 
is also a strong correlation between two factors – the 
accumulation of xanthohumol and alpha-acids which 

is proven by the correlation coeffi cient (r = 0.98 ± 0.2). 
We have noticed that 97.07 % of total variation in the 
content of xanthohumol was conditioned by changes 
in the content of alpha-acids, and the remaining 
2.93 % – by other impact factors, which were not 
considered in this case.

The analysis of the study results demonstrated that 
the process of accumulating xanthohumol and bitter 
substances in the investigated hop varieties during the 
formation and ripening of cones was the same. 

The studies, conducted in cooperation with the Public 
joint-stock company “Scientifi c-industrial center Bor-
shchahivskiy Chemical-Pharmaceutical Plant”, based 
on biologically active substances of cones of Xanthus 
variety, allowed elaborating the method of obtaining 
hop extract, enriched with prenyl fl avonoids with 

Fig. 3. The dynamics of accumulation of xanthohumol and alpha-acids in hop cones of Xanthus variety

Fig. 4. The correlation dependence between the accumulation of xanthohumol and alpha-acids in hop cones of Xanthus 
variety
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estrogen effect and the patent for this method was 
received [28]. 

Testing positive properties of xanthohumol and 
other substances, analogous to it, is constantly going 
on in vitro and in natural conditions. Taking this 
fact into consideration, one may expect that hop of 
the investigated varieties with a high content of 
biologically active substances will be widely applied 
in other branches of economy as well, and the 
production of hop raw material of these varieties will 
increase in future.

CONCLUSIONS

The main substances, conditioning the biological 
activity of hop cones, are bitter substances, phenol 
compounds and essential oil. According to the data of 
Ukrainian and foreign studies, prenyl fl avonoids and 
bitter substances of hop have signifi cant antioxidant, 
antiviral, antimicrobial, anti-infl ammatory and anti-
carcinogenic properties.

The maximal amount of xanthohumol is in hop 
varieties of Ukrainian breeding – Ruslan and Xan-
thus – 1.16 % and 1.06 % respectively, and its minimal 
amount was detected in the cones of bitter variety, Alta. 
Among the European varieties, the highest amount 
of xanthohumol is contained in the German variety 
HallertauerTaurus – 0.9–1.0 %, up to 1 % in the Czech 
variety Agnus and the English variety Admiral, with 
the content of 0.95–1.09 of this substance. The content 
of xanthohumol in hop cones depends on the breeding 
variety and is a varietal trait, genetically fi xed for each 
variety. The quantitative amount of xanthohumol may 
be one of biochemical criteria of identifying the variety. 

The maximal amount of xanthohumol is formed in the 
hop cones in the phase of complete technical ripeness. 
There is a strong correlation between the accumulation 
of xanthohumol and alpha acids in the formation and 
maturing of the cones. 

The studies established that the quantitative content 
and qualitative composition of bitter substances, 
essential oil, polyphenol compounds and xanthohumol 
in hop cones of Ukrainian and foreign production 
was stable and corresponded to passport data of the 
variety. It was proven that by their characteristics they 
correspond to the world’s analogues, namely, according 
to their biochemical and technological indices, hop 
varieties Klon-18 and Zlato Polissia correspond to the 
characteristics of the hop of the Czech Saaz variety, 
the biochemical indices of the bitter Alta variety 
correspond to the German variety Magnum, and such 
varieties, as Slovianka and Zagrava exceed the world’s 

analogues considerably in the composition and quality 
of bitter substances and essential oils and are unique. 

The comparative biochemical characterization of 
Ukrainian hop varieties and the hop, produced in the 
European countries and the USA, established the 
correspondence of their quality to the world’s level.

Уміст біологічно активних речовин в шишках 
українських сортів хмелю та дослідження 

їх властивостей
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Мета. Пренілфлавоноїди і гіркі речовини хмелю, за
даними зарубіжних досліджень, мають значні антиок-
сидантні, антивірусні, антимікробні, протизапальні та 
антиканцерогенні властивості. Методи. Використано 
комплекс методів: монографічний, аналіз, синтез та 
порівняння, математично-статистичні та сучасні фізико-
хімічні методи визначення якісних показників хмелю, 
спеціальні та загальноприйняті в хмелярській галузі, що 
дозволило отримати науково обґрунтовані результати.
Результати. Проаналізовано сучасний рівень знань про 
біологічно активні сполуки хмелю та їх властивості, 
зокрема: гіркі речовини та ксантогумол.  Досліджено 
кількісний вміст та якісний склад гірких речовин, 
ефірної олії та ксантогумолу в сортах хмелю української, 
європейської та американської селекції. Серед україн-
ських сортів найбільше ксантогумолу міститься в сор-
тах Руслан і Ксанта – 1,16 і 1,06 % до сухих речовин 
відповідно, а мінімальна його кількість визначена в 
шишках гіркого сорту Альта. Серед європейських 
сортів найбільше даної сполуки міститься в німецькому 
сорті Hallertauer Taurus – 0,9–1,0 %, до 1 % в чеському 
сорті Agnus та англійському сорті Admiral, з вмістом 
0,95–1,09 %. Між накопиченням ксантогумолу та 
альфа-кислот при формуванні та дозріванні шишок іс-
нує сильний зв’язок. Максимальна кількість ксантогу-
молу формується в шишках хмелю у фазі повної техніч-
ної стиглості. Вміст даної сполуки в шишках хмелю 
залежить від селекційного сорту і є сортовою ознакою, 
генетично закріпленою для кожного сорту. Кількісний 
вміст ксантогумолу може бути одним з біохімічних 
критеріїв ідентифікації сорту. Висновки. Українські 
сорти хмелю за своїми характеристиками відповідають 
світовим аналогам, а саме: хміль сортів Клон 18 та 
Злато Полісся за біохімічними та технологічними 
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показниками відповідають характеристиці хмелю чесь-
кого сорту Saaz, біохімічні показники гіркого сорту Аль-
та відповідають німецькому сорту Маgnum, а такі сорти 
як Слов’янка та Заграва за складом і якістю гірких 
речовин та ефірної олії значно перевищують світові 
аналоги та є унікальними.

Ключові слова: пренілфлавоноїди, ксантогумол, альфа-
кислоти, сорти хмелю. 
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Цель. В пренилфлавоноидах и горьких веществах 
хмеля, по данным зарубежных исследований, выявлены 
значительные антиоксидантные, антивирусные, анти-
микробные, противовоспалительные и антиканцероген-
ные свойства. Методы. Использован комплекс методов: 
монографический, анализа, синтеза и сравнения, ма-
тематико-статистические и современные физико-хими-
ческие методы определения качественных показателей 
хмеля, специальные и общепринятые в хмелеводческой 
отрасли, что позволило получить научно обоснованные 
результаты. Результаты. Проанализирован современ-
ный уровень знаний о биологически активных сое-
динениях хмеля и их свойствах, в частности: горьких 
веществах и ксантогумоле. Исследовано количествен-
ное содержание и качественный состав горьких ве-
ществ, эфирного масла и ксантогумола в сортах хмеля 
украинской, европейской и американской селекции. 
Среди украинских сортов максимальное количество 
ксантогумола содержится в сортах Руслан и Ксанта – 
1,16 и 1,06% к сухому веществу соответственно, а 
минимальное его количество определено в шишках 
горького сорта Альта. Среди европейских сортов 
наибольшее количество ксантогумола содержится в 
немецком сорте Hallertauer Taurus – 0,9–1,0 %; до 1% 
в чешском сорте Agnus и английском сорте Admiral, 
содержащий 0,95–1,09 % данного соединения. Меж-ду 
накоплением ксантогумола и альфа-кислот при фор-
мировании и созревании шишек существует сильная 
связь. Максимальное количество ксантогумола форми-
руется в шишках хмеля в фазе полной технической 
спелости. Содержание данного соединения в шишках 
хмеля зависит от селекционного сорта и является 

сортовым признаком, генетически закрепленным для
каждого сорта. Количественное содержание ксантогу-
мола может быть одним из биохимических критериев 
идентификации сорта. Выводы. Украинские сорта 
хмеля по своим характеристикам соответствуют миро-
вым аналогам, а именно: хмель сортов Клон-18 и 
Злато Полесья по биохимическим и технологическим 
показателям соответствуют характеристике хмеля чеш-
ского сорта Saaz, биохимические показатели горького 
сорта Альта соответствуют немецкому сорту Маgnum, 
а такие сорта как Славянка и Заграва по составу и 
качеству горьких веществ и эфирного масла значи-
тельно превышают мировые аналоги и являются уни-
кальными.

Ключевые слова: пренилфлавоноиды, ксантогумол, 
альфа-кислоты, сорта хмеля.
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Aim. To estimate the possibilities of applying nanocomposites on the basis of saponite to increase biomet-
ric indices of corn hybrid Kharkivsky 340 MV. Methods. laboratory (method of scanning electronic micros-
copy, method of fl uorescence induction of chlorophylls, spectrophotometric method of determining the num-
ber of green pigments, methods of determining biometric indices of plants), statistical. Results. This article 
presents the results of investigating the impact of nanocomposites on biometric indices of corn hybrid Kharkivsky 
340 MV. It was established that presowing treatment of corn seeds with aqueous solutions of nanocomposites on the 
basis of saponite in the concentration of 300 mg/l stimulated growth indices of plants. Presowing soaking of seeds 
in nanocomposite solutions increased the energy of germination, sprouting and length of hybrid corn seedlings. The 
action of nanocomposite Nb-saponite (Et) in the concentration of 300 mg/l leads to the increase in the germination 
energy by 10.6 %, the length of a stem part – 2-fold, root system – by 30.3 % and the laboratory germination of seeds 
is 100 %. The height of a stem of corn plants in the phase of three leaves after presowing treatment of seeds with 
nanocomposites Saponite (H), Nb-Saponite (Cl) and Nb-Saponite (Et) in the concentration of 300 mg/l exceeded 
the control by 31.7, 26.2 and 42.7 %, and the length of the root system increased twice. The action of Saponite (H) 
and Nb-Saponite (Cl) led to the increase in the number and length of the main roots of corn, and Nb-Saponite (Et) 
stimulated the development of additional roots and formation of root fi brilla. The presowing treatment of corn seeds 
with the solutions of nanocomposites Saponite (H), Nb-Saponite (Cl), Nb-Saponite (Et) in the concentration of 
300 mg/l promoted the increase in the vegetative mass by 35, 27.9 and 56.4 % compared to the control. At the impact 
of nanocomposites, the area of the leaf plate of plants increased by 20.4 % on average. There was an increase in the 
sum of chlorophylls (a + b) in plants, whose seeds were previously treated with nanocomposites Nb-Saponite (Cl) 
and Nb-Saponite (Et) in the concentration of 300 mg/l by 41.2 and 40.6 % compared to the control. Conclusions. 
The application of nanocomposites on the basis of saponite in the concentration of 300 mg/l for presowing treatment 
of corn seeds of hybrid Kharkivskyi 340 MV promoted the activation of growth indices and improved the process of 
photosynthesis.
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INTRODUCTION
At present Ukraine’s agrarian sector needs new en-

vironmentally safe and effi cient preparations for treat-
ment of agricultural crops, which would enhance seed-

ing qualities, stimulate growth indices and performance 
and protect a plant from unfavorable factors, but would 
not pollute the environment.

Traditionally salts of heavy metals and chelate com-
pounds are used as microfertilizers in Ukraine and in 
the world, due to which there is accumulation of salts 
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of heavy metals in the environment and aggravation of 
its ecological condition [1]. Thus, the use of a new kind 
of microfertilizers, based on nanoparticles, has found 
wider application.

A promising direction of using nanoparticles is 
deemed to be their application in very low concentra-
tions with the purpose of obtaining environmentally 
pure products [2].

The main aspect of nanotechnology development 
in plant cultivation is the production of new kinds of 
microfertilizers based on nanomaterials. Among va-
rious nanomaterials, considerable popularity was noted 
for nanocomposites which combine nanoparticles, lo-
cated in the structure-forming material – a matrix [3]. 
Nanocomposites on the basis of saponite are promising 
meliorants of complex action, which promote greater 
harvest and increase the accumulation of resources of 
available nutrients of nitrogen, phosphorus, potassium, 
and also calcium and magnesium in soil [4–5].

Nanoparticles of oxides of metals enhance the ef-
fi ciency of processes in plants and participate in the 
formation of microelement balance [1]. Ukrainian and 
foreign scientists demonstrated in their works that the 
use of nanopreparations, based on nanoparticles of ox-
ides of metals led to enhancing of photosynthetic pro-
cesses, growth indices, and performance of agricultural 
crops [6–11].

Some concentrations of iron nanoparticles may in-
crease the performance of cereal crops in the range 
from 10 to 40 %. It was established that presowing 
treatment of rapeseed using iron nanopowders led to 
the development of the root system, the increase in 
photosynthetic surface and water-retaining capability 
of leaves, their resistance to diseases and, as a result, 
to improving the performance and quality of products 
[12]. The improvement of photosynthetic processes in 
legumes and the increase in germination and energy of 
sprouting was observed while using nanocomposites. 
Nanomaterials found their application in after-harvest 
processing of sunfl ower, tobacco, potato, apples [5, 13].

The aim of our study was to estimate the possibilities 
of applying nanocomposites on the basis of saponite to 
increase biometric indices of corn hybrid Kharkivsky 
340 MV.

MATERIALS AND METHODS
The study was conducted in the laboratory of biosen-

sorics of the National University of Life and Environ-
mental Sciences of Ukraine. In 2012–2017 there were 
physical-chemical and biological studies on 3 samples 

of nanocomposites based on synthetically created 
minerals – saponites, synthesized at the CNR-Insti-
tute of Molecular Technologies, Milan, Italy. The 
nanomaterials were provided in the framework of 
NATO project No. NUKR.SFP 984481.

Nanominerals under study:

1). nanocomposite Saponite (Н);
2). nanocomposite Nb-Saponite (Et);
3). nanocomposite Nb-Saponite (Cl).

The microstructure of nanocomposites was stu-
died by the method of scanning electronic microsco-
py (SEM) using Leo 1550 Gemini SEM (Sweden), at 
the voltage in the range of 10–20 kV and the standard 
diaphragm value of 30 μm. The samples of Saponite 
(H) had a somewhat triangular form which refl ected 
their tetragonal structure. In conditions of dissolving, 
they agglomerated into larger spatial formations, but 
remained porous, with the size of pores at the level of 
100 nm, which demonstrated a considerable area of 
their active surface. The samples of Nb-Saponite (Et) 
of triangular form were 20–30 nm thick. Nanocompos-
ites Nb-Saponite (Cl) were over 30 nm, but similarly to 
the latter, they agglomerated with the formation of sep-
arate fl akes. Previous works demonstrated and proved 
that nanocomposites on the basis of saponites are envi-
ronmentally safe substances [14–16].

The study on the impact of nanocomposites on the 
condition of plants was conducted using hybrid corn 
Kharkivskyi 340 MV. The scheme of studies envisaged 
different variants of treating seeds. The treatment was 
conducted by soaking corn seeds in nanocomposite so-
lutions for 5 h as per 3 l/t respectively: control – seeds 
treated with water; variants 1, 2, 3, 4 – seeds treated 
with nanocomposite Saponite (H) in the concentration 
of 150, 300; 450; 600 mg/l respectively; variants 5, 6, 
7, 8 – Nb-Saponite (Cl) in the concentration of 150; 
300; 450; 600 mg/l respectively; variants 9, 10, 11, 12 – 
Nb-Saponite (Et) in the concentration of 150; 300; 450; 
600 mg/l respectively.

Laboratory experiments on the impact of nanocom-
posites on corn were conducted on the basis of the 
laboratory of biosafety, the chair of molecular biology, 
microbiology and biosafety of the National University 
of Life and Environmental Sciences of Ukraine. A cur-
rent method according to DSTU 4138–2002 was used 
to determine the germination of corn seeds. The energy 
of seed germination – the capability of its fast and thick 
germination – was determined together with laboratory 
germination [17, 18].
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The vegetation experiments were conducted in phy-
toclimatic chambers «Silver box evolution» (Ukraine) 
of the laboratory of biosensorics of the chair of molecu-
lar biology, microbiology and biosafety (2016–2017). 
Previously treated corn seeds of hybrid Kharkivskyi 
340 MV were sown in a phytotron with plastic vials of 
2–5 l, containing clay pellets as the backing mixture. 
Each vial had 10–12 plants, grown in 3–4 repeats. The 
plants were grown at 18–25 °С, illuminated with SHP-
TS Gro Lux lamp, the dark interval lasted 9 h, the light 
interval – 15 h. The temperature was maintained at the 
level of 20–25/18–20 °С (day/night). 

The length of sprouts and roots was estimated with 
a ruler for each plant, which had a sprout and a root. 
The mass of the aboveground and underground parts 
was determined using digital analytical scales Ohaus 
Pioneer (USA). The area of the leaf apparatus was de-
termined by its length, width, and transferring coeffi -
cient which was 0.67 for crops with the oblong form 
of leaves. The area was calculated by the following 
formula:
       A = L ∙ W ∙ C,                             (1)

where A – area of the leaf, sq.cm; C – transferring co-
effi cient (0.67); L – length of the leaf, cm; W – width 
of the leaf [19].

To determine chlorophylls а and b, fresh leaves of 
corn were cut with scissors in small pieces and the sam-
ple of 500 mg was taken. The sample was placed into 
a porcelain mortar and ground with 5 ml of the solvent 
(96 % of ethyl alcohol) and silica sand. The obtained 

suspension was fi ltered into a dry measuring tube, the 
fi lter was washed with the solvent until complete re-
moval of pigments. The obtained extract was poured 
into a tube of 50 ml with the addition of ethyl alco-
hol up to the mark, mixed well and passed through the 
spectrophotometer Unico 1205 (USA) at correspond-
ing wavelengths. The concentration of pigments was 
calculated by the equations:
 Сchl. а = 13.70 D665 – 5.76 D649;      (2)
 Сchl. b = 25.80 D649 – 7.60 D665;      (3)
 Сchl. а + chl. b = 6.10 D665 + 20.04 D649,     (4)
where Сchl. а, Сchl. b, Сchl. а + chl. b – the concentrations 
of chlorophylls а, b, and their sum, respectively, 
mg/l [20].

The content of pigments (A) in the plant material, 
mg/g of raw mass, was calculated by the equation:

  А = (С ∙ V)/(W ∙ 1000),                   (5)
where С – concentration of pigments, V – volume of 
the extract, ml (25 ml), W – weighed quantity of plant 
material, g (0.2 g) [21].

The kinetics of changes in fl uorescence induction of 
chlorophyll (FIC) was determined by a portable device, 
chronofl ourometer «Floratest» (Ukraine), in the labora-
tory of biosensorics of the chair of molecular biology, 
microbiology and biosafety at the National University 
of Life and Environmental Sciences of Ukraine. The 
adaptation of corn leaves to darkness was conducted 
for 5 min. The FIC parameters of plants were measured 
in the phase of three leaves in the central part of the 

Table 1. The impact of nanocomposites on sowing qualities of corn seeds of hybrid Kharkivskyi 340 MV

Variants Concentration in aqueous 
medium, mg/l

Energy 
of seed germination, %

Laboratory germination 
of seeds, %

Control
Nanocomposite Saponite (H)

Nanocomposite Nb-Saponite (Cl)

Nanocomposite Nb-Saponite (Et)

–
150
300
450
600
150
300
450
600
150
300
450
600

82.67 ± 1.73
87.33 ± 1.73
91.33 ± 0.65
90.00 ± 1.13
91.33 ± 0.65
90.67 ± 0.65
91.78 ± 0.22
91.80 ± 0.97
92.67 ± 0.65
92.67 ± 0.65
93.33 ± 1.31
92.67 ± 0.65
93.33 ± 0.65

96.00 ± 1.13
96.67 ± 0.65
97.33 ± 0.65
96.67 ± 0.65
96.67 ± 0.65
97.33 ± 1.73
99.33 ± 0.65
98.67 ± 0.65
98.45 ± 0.65
97.33 ± 0.65
100.00 ± 0.00
98.67 ± 0.65
98.67 ± 0.65



AGRICULTURAL SCIENCE AND PRACTICE   Vol. 5   No. 2   2018 67

ESTIMATION OF THE EFFICIENCY OF APPLYING NANOCOMPOSITES 

formed leaf plate. The intensity of chlorophyll fl uores-
cence was measured in three repeats for each variety, 
in 90 points with the time interval from 3 μs to 300 s 
[22, 23] and then transferred into relative units. Micro-
soft Excel was used to build induction curves using the 
points and to analyze amplitude and temporal param-
eters of their separate phases [24].

RESULTS AND DISCUSSION

Impact of newly synthesized nanocomposites on sow-
ing qualities of corn seeds. High quality sowing ma-
terial was used to obtain good harvest of agricultural 
crops. It is believed that harvest may be increased by 
20–25 % if more quality seeds are used [18]. Germina-
tion is referred to the main indices, which characterize 
sowing qualities of seeds. It was proven that only while 
sowing seeds with high germination properties, estab-
lished by the standard, one may obtain fast and thick 
sprouts and more productive plants. In other words, 
germination is a measure of viability of the sowing 
material. It is determined both in laboratory (optimal) 
and fi eld conditions. As a rule, laboratory germination 
exceeds the one in the fi eld. Scientists and specialists 
traditionally believe that the lower the laboratory ger-
mination of seeds is, the lower harvest is, obtained by 
sowing such seeds. The energy of seed germination is 
determined along with the laboratory germination and 
is believed to be its capability of fast and thick ger-
mination. It is natural that seeds, which are the fi rst 
to germinate, have higher vital power and form more 

productive descendants than the ones, which germinate 
later, thus, the biological value of germination energy 
is very important [25–27].

The presowing treatment of seeds with aqueous 
solutions of nanocomposites on the basis of sapo-
nite in laboratory experiments promoted the increase 
in germination energy and sprouting for corn seeds 
(Table 1).

The presowing treatment of corn seeds of hybrid 
Kharkivskyi 340 MV with nanocomposites demon-
strated positive results in all the investigated con-
centrations. With nanopreparations, the germination 
energy exceeded the control by 8.93 % on average. 
The maximal increase in the germination energy by 
10.66 % compared to the control was observed at the 
concentration of nanocomposite Nb-Saponite (Et) 
300 mg/l. At the action of nanocomposites Sapo-
nite (H) and Nb-Saponite (Cl) in the concentration of 
300 mg/l, the germination energy increased by 8.7 and 
9.3 % respectively compared to the control.

When nanocomposites on the basis of saponite were 
used, the laboratory germination of corn seeds ex-
ceeded the control by 1.9 % on average. During the 
application of nanocomposite Nb-Saponite (Et) in the 
concentration of 300 mg/l, the value of this index was 
100 % which demonstrates a high stimulating effect of 
this nanocomposite. Seed germination after presowing 
soaking in aqueous solutions of nanocomposites Sapo-
nite (H) and Nb-Saponite (Cl) in the concentration of 

Table 2. The morphophysiological indices of corn seeds of hybrid Kharkivskyi 340 MV after treatment with nanocomposites 
based on saponite

Variants Concentration in aqueous 
medium, mg/l

Length of root part 
of seedlings, mm

Length of stem part 
of seedlings, mm

Control
Nanocomposite Saponite (H)

Nanocomposite Nb-Saponite (Cl)

Nanocomposite Nb-Saponite (Et)

–
150
300
450
600
150
300
450
600
150
300
450
600

79.33 ± 4.57
80.67 ± 5.81
82.33 ± 8.49
81.00 ± 8.98
81.33 ± 3.64
79.33 ± 1.73
84.00 ± 1.73
83.67 ± 1.73
83.33 ± 1.31
89.33 ± 4.57
103.33 ± 2.85
102.00 ± 2.26
103.33 ± 2.36

18.00 ± 1.13
17.67 ± 2.36
19.67 ± 0.65
19.67 ± 1.73
19.33 ± 0.65
21.00 ± 1.73
24.00 ± 1.13
23.67 ± 0.65
24.67 ± 0.65
32.00 ± 1.13
38.00 ± 2.26
37.67 ± 0.65
38.00 ± 1.96
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300 mg/l was 97.3 and 99.3 % respectively whereas it 
was 96 % for the control.

The results of studies on the impact of nanocompos-
ites on morphophysiological properties of corn seeds 
demonstrated that newly synthesized nanomaterials 
improved growth indices of stem and root parts of 
sprouts (Table 2). Niobium-containing nanocompos-
ites on the basis of saponite demonstrated a stronger 
stimulating effect regarding the length of the stem and 
root parts of corn seed sprouts compared to nanocom-
posite Saponite (H.) At the action of nanocomposite 
Saponite (H) the length of the root and stem parts of 
a corn seedling increased by 2.5 and 6.0 % on average 
respectively compared to the control. As for nanocom-
posite Nb-Saponite (Cl), the value of the stem part in-
creased by 29.6 % on average compared to the control, 
and at the action of nanocomposite Nb-Saponite (Et) 
the average value of the stem part increased twice com-

pared to the control. At the action of nanocomposites 
Nb-Saponite (Cl) and Nb-Saponite (Et), the root part 
of corn seedlings increased by 4.1 % and 25.38 % on 
average respectively compared to the control.

The data, presented in Table 2, demonstrate that the 
best growth indices of the stem part of corn seedlings 
were observed for the use of nanocomposite Nb-Sap-
onite (Et) in the concentration of 300 mg/l, when the 
length of the stem part of corn seedlings increased twice 
on average compared to the control. At the action of 
nanocomposite Nb-Saponite (Et) in the concentration 
of 300 mg/l the root part of corn seedlings increased by 
30.25 % compared to the control (Fig. 1).

The study on the impact of nanocomposites on mor-
phological indices of corn. Further studies required 
planting corn seedlings into a phytoclimatic chamber. 
The plants were grown at 18–25 °С, the dark interval 
lasted 9 h, the light interval – 15 h. The temperature 
was maintained at the level of 20–25/18–20 °С (day/
night). The investigation of masses and morphological 
indices of plants was conducted in the phase of three 
leaves.

The phase of 3–5 leaves is remarkable for corn plants 
during the vegetation period, as this is when plants 
are most sensitive to being overrun with weeds and to 
unfavorable weather conditions. The data in Table 3 
demonstrates that the use of nanocomposites based on 
saponite improved growth indices of plants. 

The indices of stem height and length of root system 
for corn plants in the control variant were 18.73 cm 
and 12.27 cm on average respectively. With the use of 
nanocomposites Saponite (H), Nb-Saponite (Cl) and 
Nb-Saponite (Et) in the concentration of 300 mg/l, the 
index of stem height increased by 31.7 %, 26.2 % and 
42.7 % respectively compared to the control (Fig. 2).

With the use of nanocomposites Saponite (H), Nb-
Saponite (Cl) and Nb-Saponite (Et) in the concentra-
tion of 300 mg/l the length of the root system increased 
twice on average compared to the control (Table 3).

While studying the impact of nanocomposites of the 
root system of plants it was observed that the action 
of nanocomposites Saponite (H) and Nb-Saponite (Cl) 
led to the increase in the number and length of the main 
roots of corn, and nanocomposite Nb-Saponite (Et) 
stimulated the development of additional roots and for-
mation of root fi brilla (Fig. 3).

This impact demonstrates the improvement in the in-
take of minerals, water and nutrients to plants, as the 
function of absorbing water and mineral substances, 

Fig. 1. The development of plants on the seventh day of 
germination: a) control, b) treated with nanocomposite Nb-
Saponite (Et) in the concentration of 300 mg/l



AGRICULTURAL SCIENCE AND PRACTICE   Vol. 5   No. 2   2018 69

ESTIMATION OF THE EFFICIENCY OF APPLYING NANOCOMPOSITES 

dissolved therein, is the most important function of 
roots and root fi brilla, transporting nutrients to the root, 
and further on to the plant organism.

The analysis of the mass of control and experimen-
tal plants demonstrated (Fig. 4) that all the investigated 
nanocomposites promoted the accumulation of vegeta-
tive mass. The use of nanocomposites Saponite (H), 
Nb-Saponite (Cl), Nb-Saponite (Et) increased the mass 
of plants at the concentration of 300 mg/ml by 35, 28 
and 56.43 % respectively compared to the control.

Table 4 demonstrates that at the action of nanocom-
posites Saponite (H), Nb-Saponite (Cl) and Nb-Sapo-
nite (Et) the mass of the aboveground part of corn in-
creased by 25, 10 and 36.25 % on average respectively 
compared to the control.

At the action of nanocomposites Saponite (H), Nb-
Saponite (Cl), and Nb-Saponite (Et) the mass of the 
root system of corn plants exceeded control values by 
16.3, 20.5 and 39.7 % on average respectively.

Nanocomposite Nb-Saponite (Et) showed the best 
results in promoting mass accumulation of the aboveg-
round and underground parts of corn plants. While us-
ing the nanocomposite material in the concentration 
of 300 mg/l, the mass of the aboveground part of corn 
plants increased by 57.5 % compared to the control, 
and the mass of the root system increased by 55 %. 

The study on the impact of nanocomposites on photo-
synthetic apparatus of corn plants. The process of pho-
tosynthesis in plants is one of the most relevant indi-

ces of plant physiology. Experimental studies of many 
scientists proved that the photosynthetic performance 
of plants depends on the area of assimilation surface, 

Variants Concentration in aqueous 
medium, mg/l

Height of stem, 
cm

Length of root system, 
cm

Control
Nanocomposite Saponite (H)

Nanocomposite Nb-Saponite (Cl)

Nanocomposite Nb-Saponite (Et)

–
150
300
450
600
150
300
450
600
150
300
450
600

18.73 ± 0.28
18.90 ± 0.39
24.67 ± 1.42
24.07 ± 2.33
24.30 ± 2.10
20.50 ± 0.79
23.63 ± 0.36
23.03 ± 0.57
23.13 ± 0.28
21.83 ± 0.47
26.73 ± 0.56
26.57 ± 0.92
26.20 ± 1.29

12.27 ± 0.43
14.63 ± 1.2
23.43 ± 0.73
22.30 ± 0.85
22.73 ± 1.41
19.83 ± 0.77
23.50 ± 0.41
23.07 ± 0.52
23.30 ± 0.52
23.20 ± 0.23
25.90 ± 0.52
25.17 ± 0.86
25.83 ± 0.57

Table 3. The morphological indices of corn plants of hybrid Kharkivskyi 340 MV in the phase of three leaves at the effect 
of nanocomposites

Fig. 2. Corn plants in the phase of three leaves: a – control; 
b – nanocomposite Saponite (H) – 300 mg/l; c – nanocom-
posite Nb-Saponite (Cl) – 300 mg/l; d – nanocomposite Nb-
Saponite (Et) – 300 mg/l
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the intensity of photosynthesis, daily gain in vegeta-
tive mass, etc. [28]. The area of a leaf plate is consid-
ered to be one of the main indices which characterizes 
the condition of plantings from the standpoint of their 
photosynthetic activity [29]. It was established that the 
larger area of leaf surface is, the faster the accumula-
tion of organic matter by agricultural crops is, which 
conditions the increase in performance per one unit of 
planted area [12, 30].

It was established that the presowing treatment of 
seeds with aqueous solutions of nanocomposites, 
based on saponite, increased the area of a leaf plate by 
20.4 % on average compared to the control. The high-
est increase in the area of a corn leaf plate was noted at 

the impact of nanocomposite Nb-Saponite (Et) in the 
concentration of 300 mg/l – this index increased by 
44.5 %. At the impact of nanocomposites Saponite (H) 
and Nb-Saponite (Cl) this index exceeded the control 
by 2 and 25 % on average respectively (Fig. 5). 

The performance of photosynthesis processes is clo-
sely related to chlorophyll of leaves which plays the 
role of a sensibilizator, i.e. a substance, absorbing light 
[31]. Chlorophylls а and b are relevant photosynthesiz-
ing pigments of higher plants, which are Mg-containing 
porphyrins, most of them are included into the compo-
sition of light-collecting complexes, ensure absorption 
and transfer of light energy to reaction centers where 
photosynthetic reactions take place [32]. With the par-
ticipation of pigments, the energy of light quantum is 
transformed into macrocompounds, which are further 
used for the synthesis of organic compounds in a plant. 

The spectrophotometric analysis revealed that dur-
ing the phase of three leaves the chlorophyll content in 
corn plants of hybrid Kharkivskyi 340 MV, which was 
previously treated with nanocomposites, increased by 
21.8 % compared to the control. The same regularity 
was also revealed for chlorophyll b, and the number 
of chlorophylls in plant leaves increased by 4.3 % on 
average compared to the control.

After the previous treatment of corn seeds with nano-
composites Saponite (H) Nb-Saponite (Cl) and Nb-
Saponite (Et), the content of chlorophylls а and b in-
creased by 15.5 and 2 %, 28.9 and 13 %, and 26.7 and 
4.3 % on average compared to the control.

The highest content of chlorophyll а was noted in 
hybrid corn leaves, whose seeds were treated with 
solvents of nanocomposites Nb-Saponite (Et) and Nb 
Saponite (Cl) in the concentration of 300 mg/l, and it 

Fig. 3. The impact of nanocomposites on the development 
of the root system of plants in the phase of three leaves: 
a – nanocomposite Nb-Saponite (Et) – 300 mg/l; b – control

Fig. 4. The impact of nanocomposites on mass indices of corn plants 
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was 2.03 and 2.11 mg/g of the mass of raw substance, 
whereas in the control variant this index was 1.42 mg/g. 

A high content of chlorophyll b was observed at the 
impact of nanocomposites based on Nb-Saponite (Et) 
in the concentration of 300 mg/l and Nb-Saponite (Cl) 
in the concentration of 600 mg/l, it was 0.29 mg/g and 
0.29 mg/g, whereas in the control it was 0.23 mg/g 
(Table 5).

There was a noted increase in the sum of chloro-
phylls (a+b) in variants of plants, whose seeds were 
previously treated with nanocomposites Nb-Sapo-

nite (Cl) and Nb-Saponite (Et) in the concentration of 
300 mg/l by 41.2 and 40.6 % respectively compared 
to the control.

A photosynthetic apparatus is very sensitive to stress 
factors, the determination of the impact of different 
factors on the condition of plants requires application 
of express and informative methods which would allow 
conducting analyses both in laboratory and fi eld con-
ditions with minimal disruption of the integrity of the 
investigated objects. These methods include the met-
hod of fl uorescence induction of chlorophyll, which is 

Table 4. The mass indices of aboveground and underground parts of corn plants of hybrid Kharkivskyi 340 MV in the phase 
of three leaves at the action of nanocomposites 

Variants Concentration in aqueous 
medium, mg/l

Mass of the aboveground 
part, g

Mass of the underground 
part, g

Control
Nanocomposite Saponite (H)

Nanocomposite Nb-Saponite (Cl)

Nanocomposite Nb-Saponite (Et)

–
150
300
450
600
150
300
450
600
150
300
450
600

0.8 ± 0.06
0.83 ± 0.06
1.16 ± 0.17
1.08 ± 0.15
0.94 ± 0.10
0.87 ± 0.18
1.03 ± 0.12
0.81 ± 0.12
0.82 ± 0.26
0.86 ± 0.16
1.26 ± 0.13
1.08 ± 0.09
1.16 ± 0.21

0.60 ± 0.14
0.62 ± 0.05
0.73 ± 0.12
0.76 ± 0.11
0.68 ± 0.26
0.67 ± 0.08
0.76 ± 0.10
0.74 ± 0.18
0.72 ± 0.05
0.71 ± 0.14
0.93 ± 0.05
0.87 ± 0.12
0.84 ± 0.05

Fig. 5. The impact of nanocomposites on the area of a corn leaf plate 
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widely used in modern studies of photosynthetic pro-
cesses [33–35].

The kinetics of changes in the curves of fl uorescence 
induction of chlorophyll was determined by a portable 
device, a fl uorimeter «Floratest», developed by the 
State scientifi c-engineering center of microelectronics 
at the Institute of Cybernetics named after V.M. Hlush-
kov (Ukraine).

The fl uorescence induction of chlorophyll was mea-
sured in corn plants in the phase of three leaves on 

identical levels (Fig. 6), the plants, whose seeds were 
previously treated with water, were used as the control, 
the experimental samples were found in plants, whose 
seeds were treated with nanocomposites in the concen-
trations of 300 mg/l, as this concentration increased 
sowing qualities of seeds and growth indices of plants. 

The index of background fl uorescence (F0) character-
izes the amount of inactive chlorophyll, which does not 
have any functional relation with the reaction centers 
i.e. it serves as the initial level of FIC. It depends on the 

Table 5. The impact of nanocomposites on the content of chlorophylls in the leaves of hybrid corn Kharkivskyi 340 MV

Note. С∙а – concentration of chlorophyll a (mg/g of the mass of raw material); С∙b – concentration of chlorophyll b (mg/g of 
mass of raw material).

Variants Concentration in aqueous 
medium, mg/l

Content of chlorophylls, mg/g of mass of raw material

C ∙ a C ∙ b

Control
Nanocomposite Saponite (H)

Nanocomposite Nb-Saponite (Cl)

Nanocomposite Nb-Saponite (Et)

–
150
300
450
600
150
300
450
600
150
300
450
600

1.42 ± 0.07
1.91 ± 0.08
1.63 ± 0.06
1.64 ± 0.07
1.38 ± 0.06
1.52 ± 0.07
2.11 ± 0.07
1.72 ± 0.11
1.96 ± 0.07
1.52 ± 0.06
2.03 ± 0.08
1.79 ± 0.10
1.86 ± 0.05

0.23 ± 0.01
0.27 ± 0.01
0.23 ± 0.02
0.24 ± 0.01
0.20 ± 0.01
0.23 ± 0.03
0.22 ± 0.01
0.28 ± 0.02
0.29 ± 0.02
0.21 ± 0.01
0.29 ± 0.03
0.25 ± 0.01
0.22 ± 0.01

Fig. 6. The induction curves of fl uorescence on corn chlorophyll at the action of nanocomposites 
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losses of excitation energy during the migration with 
pigment matrix. The index F0 of corn plants, treated 
with nanocomposites, was in the range from 464 c.u. 
to 512 c.u. and it was higher than the index in control 
plants, which was 347 c.u. (Table 6). It demonstrated a 
higher number of antenna chlorophylls in the investi-
gated samples compared to the control, such data may 
be explained by a structural change in pigment com-
plex of corn plants at the action of nanocomposites.

At the action of nanocomposites Saponite (H), Nb-
Saponite (Cl) and Nb-Saponite (Et) the index d Fpl in-
creased by 20.8, 29.2 and 25 % on average respectively 
compared to the control. These data demonstrate the 
increase in the value of fl uorescence from F0 to Fpl in 
plants at the action of nanomaterials.

The stationary level of fl uorescence is characterized 
by a dynamic equilibrium between the processes, condi-
tioning the increase in fl uorescence, and the proces-ses, 
causing its decrease. At the action of nanocompo-sites 
in plants, the index Fst was 35 % higher on avera-
ge compared to the control.

Index Fmax indicates the highest level of fl uorescence, 
registered on the induction curve as its maximum. The 
highest value Fmax was registered for plants, treated with 
nanocomposite Nb-Saponite (Cl), and it was 2176 c.u.

The variability of fl uorescence (Fv) is calculated as 
the difference between indices Fmax and Fo and is a 
physiological index, refl ecting the action of environ-
mental and experimental factors of a plant. At the ac-
tion of nanocomposites Saponite (H), Nb-Saponite 
(Cl) and Nb-Saponite (Et), this index in plants was 

1472, 1664 and 1472 c.u., whereas in the control it was 
1184 c.u. These data confi rm the impact of nanomateri-
als on physiological processes in plants.

Indices Fv/Fmax depend on the effi ciency of photo-
chemical reactions of a photosystem (PS) 2 [22]. In 
dark-adapted plants this coeffi cient refl ects the poten-
tial quantum effi ciency of PS 2, which is used as an 
indicator of photosynthesis performance, the optimal 
value for which for most species of plants in condi-
tions of saturated intensity of exciting light does not 
exceed the value of 0.83. According to the data of stu-
dies, the index Fv/Fmax in the control and experimental 
plants was in the range of 0.75–0.77 c.u., which pro-
ves a normal course of photosynthesis both in control 
and experimental plants. 

The effi ciency of photochemical energy transfor-
mation in PS 2 was calculated by the formula 
(Fmax–Fst)/Fst, which characterizes the rate of linear 
transportation of electrons. It is an integral index of 
photosynthesis, which changed in the investigated 
plants from 1.86 to 2.78 c.u.

CONCLUSIONS

The study on the impact of nanocomposites, based 
on saponite, on biometric and physiological indices of 
hybrid corn Kharkivskyi 340 MV allows a conclusion 
on the stimulating action of newly synthesized nano-
composites regarding growth processes in corn plants.

Presowing treatment of hybrid corn seeds with nano-
composite solutions increased the energy of germina-
tion, sprouting and length of plants seedlings. At the 

Table 6. The impact of nanocomposites on the indices of fl uorescence induction of chlorophyll in corn plants of hybrid 
Kharkivskyi 340 MV

Note. F0 – index of background chlorophyll fl uorescence, Fpl – level of fl uorescence plateau, Fmax – maximal value of fl uores-
cence, Fv – variable value of fl uorescence, F st – stationary level of fl uorescence.

Index

Variants

Control Nanocomposite 
Saponite (H)

Nanocomposite Nb-
Saponite (Cl)

Nanocomposite Nb-
Saponite (Et)

F0

Fpl

dFpl

Fmax

Fst

Fv

Fv/Fmax

(Fmax-Fst)/Fst

347 ± 17.21
731 ± 32.55
384 ± 18.24
1531 ± 74.55
442.7 ± 19.14
1184 ± 53.45
0.77 ± 0.03
2.46 ± 0.12

496 ± 22.34
960 ± 41.12
464 ± 19.67
1968 ± 87.12
688 ± 32.43
1472 ± 68.32
0.75 ± 0.02
1.86 ± 0.07

512 ± 23.09
1008 ± 49.14
496 ± 21.80
2176 ± 98.88
592 ± 27.98
1664 ± 79.34
0.76 ± 0.03
2.68 ± 0.10

464 ± 21.23
944 ± 46.78
480 ± 25.36
1936 ± 96.05
512 ± 21.98
1472 ± 71.65
0.76 ± 0.04
2.78 ± 0.14
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impact of nanocomposite Nb-Saponite (Et) in the con-
centration of 300 mg/l the energy of germination in-
creased by 10.6 %, seed germination was 100 %, the 
lengths of a stem part of seedlings increased twice, and 
the root part increased by 30 %.

Newly synthesized nanocomposites stimulated the 
growth of hybrid corn plants in the phase of three 
leaves. After presowing treatment of seeds with nano-
composites the height of a plant stem exceeded the con-
trol by 26 % on average, the length of the root system 
increased twice on average, the mass and area of a leaf 
plate of plants increased. It was noted that the impact 
of nanocomposites led to the increase in the number 
and length of roots, stimulated the development of ad-
ditional roots, and the formation of root fi brilla. 

The spectrophotometric analysis demonstrated an in-
crease in the sum of chlorophylls (a + b) in the leaves 
of plants, whose seeds had previously been treated with 
nanocomposites. A detailed analysis of Kautsky curve 
indices in the control and experimental plants demon-
strated that newly-synthesized nanocomposites did not 
cause any disruptions in the processes of fl uorescence 
induction of chlorophyll.
Оцінка ефективності застосування нанокомпозитів 

як екологічно-безпечних нанодобрив 
для стимулювання біометричних показників 
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Мета. Оцінити можливості використання нанокомпозитів 
на основі сапоніту для підвищення біометричних 
показників гібрида кукурудзи Харківський 340 МВ. 
Методи. Лабораторні (метод сканувальної електронної 
мікроскопії, метод індукції флуорисценції хлорофілу, 
спектрофотометричний метод визначення кількості 
зелених пігментів, методи визначення біометричних 
показників рослин), статистичні. Результати. У даній 
статті представлено результати дослідження впливу 
нанокомпозитів на біометричні показники гібрида 
кукурудзи Харківський 340 МВ. Встановлено, що 

передпосівна обробка насіння кукурудзи водними роз-
чинами нанокомпозитів на основі сапоніту у концент-
рації 300 мг/л стимулювала ростові показники рослин. 
Передпосівне замочування насіння в розчинах наноком-
позитів підвищувало енергію проростання, схожість і 
довжину проростків гібрида кукурудзи. За дії нано-
композиту Nb-Saponite (Et) в концентрації 300 мг/л 
відбувається збільшення енергії проростання на 10,6 %,
довжини стеблової частини – у 2 рази, кореневої сис-
теми – на 30,3 % та лабораторна схожість насіння 
становить 100 %. Висота стебла рослин кукурудзи у 
фазі трьох листків за передпосівної обробки насіння 
нанокомпозитами Saponite (H), Nb-Saponite (Cl) і Nb-
Saponite (Et) у концентрації 300 мг/л перевищувала 
контроль на 31,7, 26,2 та 42,7 %, водночас довжина 
кореневої системи зростала у 2 рази. За дії Saponite (H) 
і Nb-Saponite (Cl) збільшувалась кількість і довжина 
головних коренів кукурудзи, а Nb-Saponite (Et) сти-
мулював розвиток додаткових коренів та формування 
кореневих волосків. Передпосівна обробка насіння ку-
курудзи розчинами нанокомпозитів Saponite (H), Nb-
Saponite (Cl), Nb-Saponite (Et) в концентрації 300 мг/л 
сприяла збільшенню вегетативної маси на 35, 27,9 та 
56,4 %, ніж у контролі. Площа листкової пластинки 
рослин за впливу нанокомпозитів збільшувалась в се-
редньому на 20,4 %. Було виявлено зростання суми 
хлорофілів (a + b) у рослин, насіння яких попередньо 
оброблене нанокомпозитами Nb-Saponite (Cl) та Nb-
Saponite (Et) в концентрації 300 мг/л на 41,2 та 40,6 %
відповідно до контролю. Висновки. Застосування на-
нокомпозитів на основі сапоніту в концентрації 300 мг/л
для передпосівної обробки насіння кукурудзи гібриду
Харківський 340 МВ, спричиняє активацію ростових по-
казників та покращує процес проходження фотосинтезу.

Ключові слова: нанокомпозити, кукурудза, насіння, рос-
тові процеси, фізіологічні параметри, стебло, коренева 
система.

Оценка эффективности применения нанокомпозитов 
как экологически безопасных наноудобрений для 
стимулирования биометрических показателей 
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Цель. Оценить возможности использование наноком-
позитов на основе сапонита для повышения биомет-
рических показателей гибрида кукурузы Харьковский 
340 МВ. Методы. Лабораторные (метод сканирующей 
электронной микроскопии, метод индукции флюорис-
ценции хлорофилла, спектрофотометрический метод
определения количества зеленых пигментов, методы 
определения биометрических показателей растений), 
статистические. Результаты. В данной статье пред-
ставлены результаты исследования влияния наноком-
позитов на биометрические показатели гибрида ку-
курузы Харьковский 340 МВ. Установлено, что пред-
посевная обработка семян кукурузы водными раство-
рами нанокомпозитов на основе сапонита в концен-
трации 300 мг/л стимулировала ростовые показатели 
растений. Предпосевное замачивание семян в раст-
ворах нанокомпозитов повышало энергию прорастания, 
всхожесть и длину проростков гибрида кукурузы. За
действия нанокомпозита Nb-Saponite (Et) в концентра-
ции 300 мг/л происходит увеличение энергии про-
растания на 10,6 %, длины стеблевой части – в 2 раза, 
корневой системы – на 30,3 % и лабораторная всхожесть 
семян составляет 100 %. Высота стебля растений 
кукурузы в фазе трех листьев после предпосевной 
обработки семян нанокомпозитами Saponite (H), 
Nb-Saponite (Cl) и Nb-Saponite (Et) в концентрации 
300 мг/л превышала контроль на 31,7, 26,2 и 42, 7 %, в 
то же время длина корневой системы возрастала в 
2 раза. За действия Saponite (H) и Nb-Saponite (Cl) 
увеличивалось количество и длина главных корней 
кукурузы, а Nb-Saponite (Et) стимулировал развитие 
дополнительных корней и формирования корневых во-
лосков. Предпосевная обработка семян кукурузы раст-
ворами нанокомпозитов Saponite (H), Nb-Saponite (Cl), 
Nb-Saponite (Et) в концентрации 300 мг/л способство-
вала увеличению вегетативной массы на 35, 27,9 и 
56,4 %, чем в контроле. Площадь листовой пластинки 
растений при воздействии нанокомпозитов увеличи-
валась в среднем на 20,4 %. Отмечен рост суммы хло-
рофиллов (a + b) у растений, семена которых пред-
варительно обработанные нанокомпозитами Nb-Saponite 
(Cl) и Nb-Saponite (Et) в концентрации 300 мг/л на 
41,2 и 40,6 % соответственно к контролю. Выводы. 
Применение нанокомпозитов на основе сапонита в 
концентрации 300 мг/л для предпосевной обработки 
семян кукурузы гибрида Харьковский 340 МВ, вызы-
вает активацию ростовых показателей и улучшает про-
цесс прохождения фотосинтеза.

Ключевые слова: нанокомпозиты, кукуруза, семена, рос-
товые процессы, физиологические параметры, стебель, 
корневая система.
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