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INTRODUCTION 

 

The monograph includes 15 sections, each of which is devoted to a specific 

problem of national economy’s sustainable development. 

The first third section “PRESERVATION OF SOIL FERTILITY AS A BASIS 

FOR IMPROVING THE EFFICIENCY OF MANAGEMENT IN THE SOUTHERN 

STEPPE OF UKRAINE”. Ukraine is known as one of the richest countries in the world 

for high-quality fertile soils, which are the main means of its agricultural industry. The 

changes that have taken place in recent decades with the fertility of the main soil types 

require significant improvement. After all, this is an essential condition for obtaining 

guaranteed levels of productivity of the main crops and ecological balance in general. 

A significant role in providing the state with grain, oilseeds, vegetables, melons and 

other products belongs to the zone of the southern Steppe of Ukraine, which is known 

as the breadbasket. The article presents the data of changes in the main indicators of 

soil fertility, measures of their improvement and preservation, modern approaches to 

increasing the yield of crops in the conditions of climate change and insufficient 

resource provision, the ways of growth of plant productivity and efficiency of moisture 

use. 

The second section “DEVELOPMENT OF PRACTICAL MEASURES AND 

WAYS OF THEIR REALIZATION FOR CONTROL, MANAGEMENT OF DAIRY 

RAW MATERIALS AND DAIRY PRODUCTS IN ACCORDANCE WITH EU 

NORMS”. Compulsory microbiological criteria should be applied only in relation to 

those products or in those points of the food chain, which cannot be applied to other, 

more efficient ones. As well as in the cases, when the microbiological criteria is 

expected to increase the protection degree offered to the consumer. Microorganisms 

that make up the components of the criteria must be generally recognized, for example 

pathogens or indicator organisms that concern the specific food products and 

technological processes. The obtained results in terms ofusing the improved method 

sof Listeria monocytogenes, Salmonella and coagulase-positive Staphylococcus 

detection in milk and dairy products were steady and authentic, so these figures can be 

used in evaluating the safety of milk and dairy products. In addition, it should be noted 

that the techniques are simple, economical in execution and its results give certain 

quality indicators. 

The third section “PHYSICO-CHEMICAL INDICATORS OF SLAUGHTER 

PRODUCTS FOR THE USE OF VARIOUS SELENIUM SUPPLEMENTS IN THE 

DIET OF PIGS”. Purpose – to study the effect of feeding selenium inorganic and 

organic forms on productivity and quality of pigs. To achieve this goal, it was necessary 

to solve the following problem: to examine the effect of selenite, selenate and sel-Plex 

diet on performance and quality indicators pork. Level of the selenium in ration before 
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0,3 mg/kg dry material to account of the selenite and selenate sodium, as well as sowed; 

sel-plex raises the daily average increases pig relatively with checking analogue on 

6,9- 13,1%. The advantage of the organic form of the selenium (sowed; sel-plex) on 

selenite and selenate sodium on daily average increase forms 6,2 and 8,3%. the 

Accompaniment inorganic (the selenite and selenate sodium) and organic (sowed; sel-

plex) of the forms of the selenium in ration assists the improvement destructive and 

meat-greasy quality pig – an increase the destructive mass and destructive output, 

masses flourishes, increasing of the meat specific gravity in touch under simultaneous 

reduction of the contents of the fat in touch. Herewith the best accumulation in meat 

specified element is noted beside animal with organic form of the selenium in ration – 

sowed; sel-plex. 

The fourth section “THE HISTORY OF AGRICULTURAL ENTOMOLOGY 

DEVELOPMENT IN UKRAINE IN THE XIX-XXI CENTURIES AND THE ROLE 

OF THE ENTOMOLOGICAL SCHOOL OF KHARKIV NATIONAL AGRARIAN 

UNIVERSITY NAMED AFTER V.V. DOKUCHAIEV”. A historical essay on the 

development of agricultural entomology in Ukraine since the nineteenth century up to 

the present days is presented. The most prominent stages and events on the way of the 

entomology development in the agrarian sector are highlighted. The prominent 

personalities that influenced the development of the world and national science on 

crops protection against the pests are mentioned. The role of the Entomological School 

of Kharkiv National Agrarian University named after V.V. Dokuchaiev as one of the 

oldest in Ukraine and Europe is defined separately. The main achievements of the 

outstanding entomologists of Kharkiv National Agrarian University named after 

V.V. Dokuchaiev such as I.K. Tarnani, V.G. Averin, O.O. Mihulin, B.M. Lytvynov, 

O.V. Zakharenko, Ye.M. Biletskyi and others are pointed out. The present state of the 

development of agricultural entomology in Ukraine and in Kharkiv National Agrarian 

University named after V.V. Dokuchaiev is described. 

The fifth section “RATIONING OF MINERAL NUTRITION OF CHICKEN 

BROILERS”. Based on the results of the analysis of feed materials on the content of 

micronutrient elements and conducting scientific and economic experiments on 

chicken broilers, the most effective source of Manganese, Zinc, Iron and Copper in 

mixed feeds, which contributes to solving the problem of increasing the quality of 

feeding and intensifying the growth of young farm birds, has been substantiated. The 

optimum source of essential elements (Mn, Zn, Fe, Cu) for the bodies of chicken 

broilers through feeds, the level of their incorporation into mixed feeds have been 

experimentally determined, and their influence on productivity and feed costs per 1 kg 

of body weight gain have been investigated. The tasks set in the work have been solved 

experimentally using analytical (analysis of literature sources), zoo-technical (growth 

indices, feed costs), biochemical (mineral composition of feed materials) and statistical 
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(processing of the results obtained) methods of research. The use of mixed feeds in 

feeding chicken broilers which contained glycinate of Manganese, Zinc, Iron and 

Copper making 75 % of the needs, contributes to increasing their body weight by 2.5 

% and increasing the growth rate by 2.4 %. Feed costs per 1 kg of chicken broilers’ 

growth were 1.5 % lower than the young bird index of the control group. 

The sixth section “OPTIMIZATION OF IRRIGATION NORMS AND 

OPERATIVE MANAGEMENT OF IRRIGATION WITH PAID WATER USE”. The 

article presents the method of calculation and optimization of irrigation norms, which 

is based on simulation modeling of options and graphical optimization in conditions of 

different prices for water during the years of different water supply. Estimates of 

additional net profit from irrigation for the main crops are carried out. The method of 

operative management of irrigation with the use of water-saving irrigation regimes and 

the use of a multi-layer model of moisture transfer based on theoretical principles of 

the thermodynamic approach is proposed. The method solves the problems of soil 

moisture control during irrigation with high accuracy on the basis of the adaptation of 

the model parameters to the specific conditions of the field. The reduction coefficient 

of the two-layer and the parameters of the multilayer models of moisture transfer for 

operational watering planning are checked and identified. A comparison of the 

calculated and predicted values of soil moisture, which confirms the reliability and high 

efficiency of the multilayer model of moisture transfer for operational control of 

irrigation, is carried out. 

The seventh section “GENETIC FUND OF THE GENUS VIGNA SAVI AND 

IDENTIFICATION OF DONOR SOURCES BY MORPHOLOGICAL 

CHARACTERISTICS AND DURATION OF THE GROWING SEASON”. The 

complex assesment of the genetic fund of the genus Vigna Savi has been investigated 

and conducted on interspecific, intraspecific and intrapopulation levels. It has been 

determined that varieties of vigna in terms of morphological variability are more 

homogeneous than populations. The collectible specimens were marked by an average 

level of variation in the duration of the growing season and individual phases of the 

development (0.5-20.7% depending on the type of vigna and genotype). The 

established asymmetry and excessive variability of the economic characteristics in the 

populations of the studied species of vigna indicate the peculiarities of the response of 

the corresponding genotypes to the action of the environmental factors and can serve 

as a criterion for the adaptability of the species as a whole and individual collection 

patterns in particular. The significant level of variability of the economic characteristics 

in the studied species and individual samples of vigna indicates a significant genetic 

heterogeneity of the study collection and the plasticity of the genotypes to the action 

of environmental factors. With the use of the Shannon variety index and the Piel 

equation index, a high level of total phenotypic variability of the vigna collection is 
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found on the population and species levels (Н’ = 0,40–0,67, Н’max.= 1,19). At the same 

time, the local populations were more heterogeneous than the varieties of vigna. 

The eighth section “METHODOLOGICAL APPROACHES TO THE STUDY 

AND DETERMINATION OF THE SPECIES CONDITION OF THE 

ENTOMOLOGICAL DIVERSITY OF AGRICULTURAL LANDSCAPES OF THE 

FOREST-STEPPE UKRAINE”. Under the existing powerful entomological school, a 

thorough systematization of the species diversity of insects of Ukraine has not yet been 

carried out, which makes it difficult to determine the condition of agrarian biodiversity 

for the environmental justification of the measures envisaged by the UN Convention. 

In our opinion, an estimation of the entomofauna of agrolandscapes is possible on the 

example of the representative sample, which is represented by constant and dominant 

species according to entomological registries created in the past century. In order to 

optimally summarize representative samples in the process of analytical research, it is 

suggested to group the known entomofauna of agrolandscapes into basic life forms, 

each of which requires adequate methods of counting the number due to the 

peculiarities of the ecology of each grouping. According to the results of the conducted 

analytical researches, registers of dominant and constant types of insects of the 

agrolandscapes of the forest-steppe of Ukraine were compiled for life forms of 

"geophils" (geobionts, herpetobionts) and phytophiles (hortobionts, dendrobionts). The 

long-term faunal studies of various agrolandscapes have made it possible to determine 

the presence or absence of certain species in the entomological gatherings and to 

compare existing species diversity with literary information. 

The ninth section “TO THE ISSUE OF THE CULTURAL AMARANTH 

ENTOMOCENOSIS FORMATION”. The paper deals with the cultural amaranth 

entomofauna formation in different regions of cultivation. The data on the species 

composition of amaranth insects in Central and South America, in Africa, in India and 

in Europe have been analyzed, general patterns of harmful entomofauna formation 

have been revealed. The research of amaranth entomocomplex in the Eastern Forest-

steppe of Ukraine show, that over 200 insect species are associated with this crop. They 

include phytophagous insects, which are the pests of amaranth: Lixus subtilis Boh., 

Aphis fabae Scop., Lygus pratensis L., L. rugulipennis Popp., Scotia segetum Schiff., 

Chlorita sp., Neoaliturus fenestratus H.-Sch., Agallia venosa Four. as well as their 

entomophags and anthophilous insects. The role of amaranth in increasing the 

biodiversity of insects in the field crop rotations of Ukraine has been proved. 

The tenth section “FORMATION OF CALCIUM CARBONATE FROM 

MODEL SOLUTIONS. THEORETICAL AND EXPERIMENTAL 

INVESTIGATIONS”. Kinetics of CaCO3 crystallization in calcium hydrocarbonate 

system (CHCS) at pH<10 is studied. To describe the processes the quasiequilibrium 

and dynamic models are used. It has been shown that in quasiequilibrium 
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approximation CHCS is completely described by two parameters - concentration of 

dissolved CO2 and pH. Other parameters and their change in time can be calculated by 

these two parameters. Calculations are compared to data of pCa2, pCO2, pCO3 and pH 

measurements. It has been shown that transitive processes are incorrectively reflected 

by quasiequilibrium model. Such calculations are adequate to experimental data of 

CaCO3 formation process at degassing of previously saturated with CO2 system only 

at final stage of crystallization. In dynamic model kinetic equation of CaCO3 formation 

clearly depends on all CHCS parameters but the equation form is determined by pH. 

Within the range of 6 < pH < 9.5 kinetics of CaCO3 formation is based on the reaction 

Ca2+ + 2HCO3
- → CaCO3↓ + HOH + CO2↑. It has been shown that the process is 

controlled by diffusion except the time from degassing start to the moment of total 

crystallization. At final stage of the process metastable CHCS state is formed. 

The eleventh section “GREEN SYNTHESIS OF MONOMETALLIC, 

BIMETALLIC NANOPARTICLES AND COMPOSITE MATERIALS: 

PROPERTIES AND APPLICATIONS”. In this study we report the potential use 

plasma-chemical discharge and food waste such as grape skin obtained after grape 

processing to produce monometallic (AgNPs, AuNPs) and bimetallic nanoparticles 

(Ag/Au nano-alloy). The nanoparticles were synthesised according to the rules of green 

chemistry and integrating the goals of green nanotechnology. The synthesized 

nanoparticles were characterized by UV–Visible spectroscopy, dynamic light 

scattering. The biosynthesized AgNPs, AuNPs, and Ag-Au nano-alloy showed good 

antimicrobial activity against Gram-positive and Gram-negative bacteria. AgNPs, 

AuNPs, Au/Ag bimetallic nanoparticles were formed for heterogeneous and 

homogeneous composites, respectively. Moreover, the different compositions of as-

synthesized Au/Ag bimetallic nanoparticles were utilized for the catalytic reduction of 

4-nitrophenol. 

The twelfth section “CO-PRECIPITATION METHOD IN NANOSCALE 

SCANDIA STABILIZED ZIRCONIA POWDERS TECHNOLOGY FOR CERAMIC 

FUEL CELLS”. This paper deals with physicochemical processes of the formation of 

nanostructure in stabilized zirconia powders while obtaining it from aqueous solutions 

of zirconium and scandium salts by coprecipitation method. It was established that 

precipitation of scandium begins at lower pH value (  1) than for individual scandium 

precipitation that occurs at pH levels ranging from 4.5 to 6. The NMR study showed 

that in zirconium hydroxides with scandium addition the removal of pore water and 

structural OH groups is a major obstacle for formation of large crystals and phase 

transformations. 

The thirteenth section “ANALYTICAL EFFECTS BASED ON INTERACTION 

OF ORGANIC DYES WITH HETEROPOLY ANIONS, ANIONIC METAL 

COMPLEXES AND CATIONIC POLYELECTROLYTES”. Ion association 
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complexes (IAs) formed between cationic or anionic organic dyes and large ions 

originating from inorganic or organic compounds are widely used in analytical 

chemistry. The extraction is commonly used to separate dye excess that leads to 

numerous disadvantages. Non-extraction spectrophotometric methods using specific 

IAs are considered. A theoretical explanation was proposed for the analytical effects 

observed by the formation of IAs of dyes with heteropoly anions, iodide or rhodanide 

metal complexes and polyelectrolytes. Most of the found phenomenons are 

satisfactorily explained in the frame of exciton theory. Approaching of the dye ions can 

occur due to the formation of precipitate of IA between cationic dyes and heteropoly 

anions or anionic metal complexes or formation of ion-association bond between 

anionic dyes and closely placed positively charged groups of cationic polyelectrolytes. 

Changes in the absorption spectrum are caused then by π-π interaction of aromatic 

systems of dyes and the formation of J- or H-aggregates. 

The fourteenth section “BY-PRODUCTS OF APRICOT PROCESSING AS A 

SOURCE OF FUNCTIONAL COMPOUNDS: ANTIOXIDANTS AND INHIBITOR 

OF CORROSION”. Environmentally-friendly tactics become one of the key standard 

of modern industry. One of them is the practice of employing waste of plants that is 

present in huge amounts for further industrial applications. Its utilization as promising 

alternative to environmentally-toxic traditional chemical inorganic corrosion inhibitors 

(synthetic) received a special attention. Here the protection performance of self-

assembled monolayers (SAMs) formed by apricot pomace extract (APE) on the surface 

of steel has been studied. Characterization of the apricot pomace extract was carried 

out using Fourier transform infrared spectroscopy (FTIR) and gas chromatography-

mass spectrometry (GC-MS) analysis. The antioxidant properties of APEwere 

studiedby using a series of methods (total antioxidant activity, reducing power). The 

anti-corrosion effect of the SAMswas determined by weight loss experiments, scanning 

electron microscopy, FT-IR and electrochemical methods. 

The fifteenth section “INFLUENCE OF PHARMAZIN AND 

TILOTSIKLINVET ON THE BROILER CHICKENS’ PRODUCTIVITY”. 

Chemicals of the macrolide group – pharmazin and tilotsiklinvet – are widely used in 

veterinary practice in poultry farming for a treatment or a prevention, in particular in 

Ukraine. Four groups of broiler chickens of the Cobb 500 day-old cross-breed were 

formed: two control and two experimental (12 broiler chickens each). Chickens of the 

first experimental group were fed with pharmazin containing the active substance (AS) 

tylozine tartrate 500 mg per 1 g, and the second – with a tilotsiklinvet containing the 

(AS) tylozine tartrate and doxycycline glycate of 100 mg per 1 g of powder. These 

antibiotics were fed to broiler chickens with preventive purpose for the first 3 days of 

life, 28−29 and 38−42 days of the experiment. It has been established that the use of 

pharmazin and tilitsiklinvet positively affects the productivity of chicken broilers. As 
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a result, one can observe a significant increase in weight of broiler chickens before a 

slaughter (р≤0.001, р≤0.01). Slaughter yield increased by 8,2% when feeding 

pharmazin, and tilotsiklinvet – by 4.3 %. Also, the weight of all the edible internal 

organs increased when using pharmazin and tilotsiklinvet (p≤0.05) and the weight of 

the liver and muscular part of the stomach when using tilotsiklinvet (p≤0.05). 
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PRESERVATION OF SOIL FERTILITY AS A BASIS FOR IMPROVING 

THE EFFICIENCY OF MANAGEMENT IN THE SOUTHERN STEPPE  

OF UKRAINE 

 

Introduction. Successful work of the farmer consists primarily in obtaining 

sustainable productivity of crops and preserving soil fertility – the most important and 

unique natural resource and the main means of production and the basis of life of all 

living things on Earth. It is the fertility of the soil and the conditions of management 

that determine not only the amount of the grown crop, but also the indicators of its 

quality, the state of the ecological environment. At the same time, in modern conditions 

of the agricultural sector of Ukraine, there is an urgent need to restore natural 

ecosystems, maintaining their biological balance at a level that will guarantee the 

stability of the environment, protection of land from degradation, erosion and loss of 

fertility. 

The area of agricultural lands of Ukraine is one of the largest among the countries 

of Europe, and their qualitative composition and biological productivity are the richest 

in the world. We believe that in Ukraine is fertile soils dominate, but unfortunately, 

recently we have seen their depletion, deterioration of basic properties, loss of 

productive capacity. These negative changes are mentioned by the researchers of 

Ukraine. After all, as academician of RAN H.V. Dobrovolskyi noted, the processes of 

destruction and degradation of the ground cover are non-renewable and determine the 

development of the ecological situation, which the scientist called a quiet crisis of the 

planet [1].  

Among the problems in the agricultural sector the most important one is to ensure 

sustainable agriculture, increase its productivity by raising soil fertility and the ability 

to form a guaranteed crop yield with high quality.  

Results. In order to maintain soil fertility in the southern Steppe zone of Ukraine, 

according to the results of research, 7-8 tons of organic and 80-100 kg of mineral 

fertilizers should be applied to each hectare of agricultural land and, accordingly, 12-

15 tons and 240-260 kg - under irrigation conditions. Such a number of fertilizers in 
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recent years are not added, and crop production is formed mainly due to the residual 

reserves in the soil of nutrients and mineralization of humus, so that its content is 

reduced, the soils gradually get worse, depleted and degraded. This requires an urgent 

response of agricultural producers, because if it is impossible to restore the spent 

resources, the degradation processes become irreversible [2,3].  

So, modern agricultural use of land requires the development and justification of 

agricultural and reclamation activities aimed at the preservation and reproduction of 

soil fertility. This leads to the need for research to predict changes in quantitative and 

qualitative indicators of natural factors of fertility, patterns of direction and speed of 

soil processes. It is necessary to effectively and continuously monitor the state of soil 

fertility, the degree of its erosion, the reaction of the environment, the salt regime of 

the soil. Recently, such processes as soil contamination with heavy metals, 

radionuclides, pesticides and other toxicants have also caused concern [4]. Depending 

on the intensity of land use, including irrigation, soil fertility and the environmental 

situation in general change. 

The most cheap, affordable and cost-effective way of addressing improvement of 

soil fertility and increasing crop yields is the introduction into production of science-

based crop rotations, which due to plaintive-root residues enrich the soil with organic 

matter, and in case of the selection of legumes it is also free source biological nitrogen. 

Reasonable alternation of crops improves water and nutrient regimes of the soil, 

reduces contamination of fields, the presence of pests and pathogens, that is, it 

contributes to the preservation of ecological balance and rational use of agricultural 

land [5]. 

Unfortunately, in recent years, the structure of crop rotations is significantly 

violated. Thus, during the period 1990-2015 in Ukraine there was a redistribution of 

acreage under crops, in particular: acreage of forage crops decreased by 4.6 times, 

which adversely affected the development of forage and livestock industry. During this 

period, the area under crops of highly profitable export – oriented crops has increased 

significantly: sunflower – by 2.8 times, rapeseed – by more than ten times, which 

violates the system of crop rotation and leads to complete depletion of the soil cover 

and its drying. On the contrary, the acreage under potatoes and vegetables and melons 

decreased by 5%; now they are concentrated mainly in the private sector. 

The main problems of the crop industry, in our opinion, are related to: 

 - expansion of acreage for cultivation of soil crops-sunflower and rapeseed;  

- reduction of crops of fodder group, including perennial grasses, in particular 

alfalfa, individual cereals (millet, buckwheat), legumes and sugar beet;  

- low yield of crops compared to other countries in which their high productivity 

provides the use of modern innovative and resource-saving technologies;  

- concentration of production of fruits and vegetables in households that do not 
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have appropriate storage facilities and conditions for its storage; 

- lack of infrastructure for the sale of such products through fruit and sheep farms;  

- high energy and resource costs of crop production;  

- lack of innovative approaches to modern methods of tillage and cultivation of 

crops (systems No-Till, Mini-Till, Strip-Till, organic production, drip irrigation);  

- a certain shortage of highly skilled workers who are able to work with the latest 

means of labor and use high-tech operations for growing crops;  

- insufficient return of nutrients to the soil, which does not allow to maintain and 

improve their condition and ability to form crop yields. 

Soil fertility is particularly improved due to inclusion grain legumes in the 

selection of crops in crop rotations. They have a biological feature to form active 

complexes with soil microorganisms, which bind a significant amount of nitrogen from 

the air in the process of nitrogen fixation. It is known that during the growing season 

legumes, depending on the moisture conditions, accumulate from 60-70 to 150 kg of 

nitrogen. To meet the needs of plants in this amount of nitrogen is necessary to make 

200-500 kg / ha of ammonium nitrate. In addition, symbiotic nitrogen fixation has a 

much higher economic efficiency than the cost of mineral fertilizers. The nitrogen fixed 

by legumes is used by plants for several years in full, and is not lost as from mineral 

nitrogen fertilizers. In the root zone legumes produce an active complex of 

microorganisms that grow very quickly and divide, resulting in the accumulation of 

organic matter, which eventually turns into humus substances [5]. Additionally, the 

root allocation of legumes are capable of dissolving phosphates and increase the 

assimilation of phosphorus compounds [6]. In general, soil enrichment with organic 

matter improves plant nutrition with minerals in an accessible form, the soil acquires a 

dynamic balance. 

The research was carried out on dark chestnut soil and southern chernozemic soil 

which is typical for the South of Ukraine on the fields of the Institute of irrigated 

agriculture of NAAS and Mykolaiv National Agrarian University according to the 

generally accepted methods of experimental work.  

It was found that in the dark chestnut soil in the area of the Ingulets irrigation 

system, during four rotations of 7-field rotation with alfalfa, the share of which is 

35.7% annually loss of humus from the arable layer of the unfrozen soil is 70-90 kg/ha, 

and during irrigation they were bigger. In case of complete fertilizer of each rotation 

crop (in doses that are recommended for the zone) humus content in irrigated soil is 

stabilized, and through the use of once per rotation and even 80 t/ha of half-decay 

manure it even grows (Table 1). 

The deficit in organic fertilizers in the absence of pus in sufficient quantities in 

crop rotations should be covered by post-harvest residues and by using by-products of 

crops for fertilizer. The role of organic fertilizers is extremely important in the 
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preservation of water-physical properties of soils. Without their use, it is compacted, 

its water absorption capacity deteriorates, the number of water-resistant units 

decreases. According to our three years of research non-fertilized dark chestnut soil per 

hour absorbs 14.72 mm of water at green manure in the year of effect and aftereffect, 

the proportion rose to 16.3-20.6 per cent, and straw – 22.8-34.6 per cent. 

Table 1 Humus content in 0-30 layer of dark chestnut soil under the influence of 

long-term use of fertilizers in irrigated crop rotation 

Experience option  

Humus content, % Loss or increase of humus 

for the period 

of experience 

after the 4th 

rotation of the 

crop rotation 

in absolute 

percentage 

average 

annual, kg / 

ha 

Without fertilizer 2.26 2.11 -0.15 -277.5 

Р
2
О

5
 2.26 2.19 -0.07 -129.5 

N 2.26 2.23 -0.03 -55.5 

NPK 2.26 2.25 -0.01 -13.5 

NPK +80 т/ ha of manure 

1 time per rotation of crop 

rotation 2.26 2.35 +0.09 +166.5 

 

We have determined that for the incorporation of straw into the soil, even in dry 

years, moisture accumulates in the arable layer by 15-20% more than without it. This 

should oblige producers of agricultural enterprises in any case not to burn straw, and 

to use all post-harvest residues for soil enrichment with organic matter. In addition, 

each ton of straw put in the soil is equivalent to 4-5 t / ha of manure by the amount of 

dry organic matter introduced. 

Many researchers determined that the amount of by-products, which can be used 

as fertilizer after harvesting the main crop equals on average to 5-6-10 t/ha. All macro 

- and micronutrients go with it to the soil.  So, wheat straw on 1 hectare produces on 

average 20 kg of nitrogen, 10 kg of phosphorus and 30-35 kg of potassium, with the 

remains of corn 45; 18 and 100 kg, and sunflower – 40; 20 and 130 kg respectively. In 

addition, by-products of agricultural crops contain calcium, magnesium, sulfur and all 

trace elements. It is also known that the decomposition of crop residues depleted to 

nitrogen is significantly accelerated by adding, for example, to straw 7-10 kg/t of the 

active substance of nitrogen or modern biodestructors of stubble [7]. 

The calculations determined that the use of crop residues and straw, compared 

with manure, can save on each hectare up to 170 kg of diesel fuel and 15-17% of cash 

costs. 

It is known that without the use of organic and mineral fertilizers to a greater 

extent irrigated soils, which are formed significantly higher levels of crop yields would 

deplete and, accordingly, the removal of nutrients will significantly increase. Our 
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studies have found that the use of organic fertilizers has a positive effect on the main 

elements of soil fertility in the link of irrigated grain-vegetable crop rotation (corn, 

winter wheat + post-harvest, tomatoes). Under the influence of straw and green 

fertilizer, and especially when using both types the content of organic matter, total and 

water-soluble humus in the soil increases (Table 2). 

Table 2 The content of humus and organic matter in the arable layer of dark 

chestnut soil in the link of irrigated grain-vegetable crop rotation 

(under tomatoes, average for 3 years) 

Experience option 

 

Term of 

determination 

Content 

organic matter, 

% 

common 

humus, % 

water-soluble humus, 

mg / 100g 

N120 P90 K60-

background 

1 6.64 2.00 17.99 

2 7.21 2.04 25.81 

Background+green 

fertilizer 

1 6.81 2.02 18.86 

2 7.27 2.06 26.46 

Background + 

winter wheat straw 

1 6.82 2.03 18.42 

2 7.31 2.08 25.39 

Background+green 

manure+straw 

1 6.91 2.04 19.02 

2 7.38 2.09 27.16 

HIP05 0,22-0,27 0,01-0,03 1,12-2,47 

Note:*) Term of determination: 1 – for the period of sowing-rising; 2 – when harvesting. 

 

The latter, as it is known, characterizes the presence of organic substances in the 

soil at the primary stages of mineralization. Over time, these organic substances in the 

process of decomposition will turn directly into humus. 

The use of straw of grain crops as an organic fertilizer was also studied on the 

southern chernozem in various parts of the crop rotation in the cultivation of drought-

resistant crop without irrigation (Table 3). 

It was established that in the conditions of rain – fed agriculture straw effectively 

affects the main indicators of soil fertility-the content of humus, organic matter, mobile 

forms of phosphorus and especially potassium, its structural indicators, 

microbiological activity and the like. In addition, as it is shown in table 3, the grain 

yield levels for the combined use of straw and N60P40 are formed above the control, but 

slightly inferior to mineral nutrition.  This is due to the fact that for the decomposition 

of straw, nitrogen fertilizer addition was not made, and due to increased mineralization 

of organic substances cellulose-desructive microorganisms that use the nitrogen to 

decompose organic matter. 
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Table 3 Influence of fertilizers and predecessors on grain yield of soriz, t/ha 

Crop rotation chain  

(factor A) 

Feed backgrounds (factor B) 

Without fertilizer Straw + N
60

P
40

 N
60

P
40

 

2004 2005 2006 2004 2005 2006 2004 2005 2006 

pea – barley – soriz 4.26 3.18 3.30 5,29 4,41 4,50 5,42 4,55 4,61 

sunflower-winter barley-soriz 4.05 2.98 3.11 5,00 4,09 4,16 5,14 4,22 4,28 

corn- winter barley -soriz 4.06 3.01 3.13 5,17 4,23 4,30 5,27 4,33 4,40 

winter barley-corn-soriz 3.95 2.88 3.02 4,92 3,93 4,12 5,12 4,16 4,24 

winter wheat-sunflower-soriz 3.81 2.70 2.82 4,82 3,92 4,10 5,09 4,11 4,20 

Factor B average 4.03 2.75 3.08 4,84 4,12 4,24 5,21 4,27 4,35 

НІР
05

, t/ha 

Factor A 

Factor В 

Interaction of factors АВ 

2004  2005  2006  

0.071 

0.084 

0.130 

0.051 

0.098 

0.270 

0.12 

0.19 

0.21 

 

It should be noted that organo-mineral nutrition is much better even compared 

with a mineral background that formed the indicators of quality of soriz grain: it 

increases the content of protein, starch, total sugars, weight of 1000 grains and the like. 

At the same time, as determined by us, in the aftereffect, the yield of subsequent crops, 

which were placed after the cut in all parts of the crop rotation, for the joint use of straw 

and mineral fertilizers was higher as compared to the control and background of 

nitrogen-phosphorus fertilizer. 

Therefore, the basis of any system of crop production is crop rotation. It is the 

leading part of the zonal system of agriculture and effective agroecological factor. At 

the same time, in modern technologies of growing crops, the role of the predecessor is 

decisive, since elements of the technology of growing the next crop depend on it. 

Proper crop rotation allows the use of a rational system of fertilizer and soil treatment 

on the basis of which during rotation to maintain optimal water and nutrient regimes 

for plants to successfully clear the fields from weeds, pests and diseases, is much more 

efficient to store and use the moisture, fertilizers and thus improve soil fertility for 

minor expenses while using performance. We show this by the example of growing 

winter crops on different predecessors (Fig. 1). These data illustrate the advantages of 

black steam compared to corn and stubble predecessor. 

When applying mineral fertilizers on the natural backgrounds of predecessors in 

the recommended doses for the Steppe zone of Ukraine, grain yield increases 

significantly, and more significantly for non-steam more depleted predecessors. Of 

course, for obtaining the highest levels of grain yield, it is much more effective in this 

field to use the reserves of accumulated soil moisture and precipitation of the growing 

season, which is extremely important for the arid zone of the southern Steppe of 

Ukraine. For the cultivation of crops in modern conditions of management and certain 
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climate changes, the limiting factor in the formation of their high productivity is the 

provision of plants with moisture [8]. 

 

 

 

 

Figure 1. The yield of winter crops depending on the predecessor  

and feed background  

 

Technological methods of growing crops should be directed to the maximum 

possible accumulation of moisture in the soil and its use by plants for the formation of 

the crop. The accumulated moisture in the soil for the period of sowing of any crop and 

precipitation of the vegetation period are used much more productively on fertile soils, 

for the introduction of organic and mineral fertilizers, that is, for the optimization of 

plant nutrition. 

On depleted soils, among the limiting factors, the second place after moisture is 

taken by the provision of plants with accessible nutrients and, above all, nitrogen. 

However, as a result of insufficient amount of fertilizers (especially organic ones) and 

deterioration of soil fertility there is a need to develop new approaches to their nutrition 

[9,10]. 

One of the ways of optimizing plant nutrition for these conditions should become 

more widely applied to the background of moderate doses of mineral fertilizers, 

0

1

2

3

4

5

6

7

8

9

10

1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

4,18 4,3
3,4 3,28

3,79
3,01

3,9
3,31 3,05 3,32 3,08

3,98
3,41 3,17 3,41

5,51 4,94

4,42
4,03

4,73

4,44

4,89

4,14
3,83

4,32 4,47

4,92

4,18
3,86

4,39

by background of the predecessor by background of the application mineral fertilizers

Notes: 1 – winter wheat (2008-2006 and 2015);  

2 – barley (2014-2016);  

3 – triticale (2014-2016);  

4 – rye (2014-2016);  

5 – average for all grains 

Black fallow land Winter wheat Corn for silage 



20 
 

modern growth-regulating substances for the treatment of seeds before sowing and 

planting of plants at key periods of the growing season. We have conducted research 

in this direction and continue to perform it on a number of crops: barley, wheat, 

triticale, red, soybean, peas, chickpeas, sunflower and other spring and winter crops. 

The effectiveness of this approach to nutrition optimization is shown by the example 

of spring wheat (Fig. 2). 

These data convince of a significant increase in grain yield in comparison with 

inconvenient control. Moreover, from application to sowing of N30 P30 it increased on 

average over the three years from 1.72 to 2.72 g/ha. Maximum yield values are reached 

for nitrogen fertilization on the background of N60 P30 just in time for planting (3.26 

t/ha) and N30 P30 before sowing + N30 at the feeding in the early exit of plants in the 

tube (3.30 t/ha). Almost at the same level, it was formed by double treatment of plants 

with D2 (3.08 t/ha) and escort (3.10 t/ha).  

With presowing treatment of seeds with an escort, the grain yield was formed 

even higher, which is convincingly illustrated by Fig. 2. 

 
Notes: phase 1 - exit of plants in up;  

phase 2-the beginning of earing 

Figure 2 Grain yield of spring wheat depending on the background of the supply  

and use of regulating substances t/ha (average for 2014-2016) 
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Studies with growth-regulating drugs were conducted in 2016-2017 with two 

varieties of spring barley – Stalker and Vakula. In addition to D2М and Escort bio, 

fresh florid was used to optimize nutrition in doses of 200 and 300 g / ha and Fresh 

energy (200 g/ha), which are recommended for spring barley. On average, over the 

years of research Stalker provided in the control of 2.78 t/ha, Vakula – 2.77 t/ha of 

grain, with the use of all studied biopreparations on average for all 15 options, the yield 

increased to 3.59 t/ha and 3.57 t / ha or increased to control without fertilizers by 29.1 

and 28.9%, respectively. However, it should be noted that in 2016, the higher grain 

yield was formed by the Vakula – 4.31 t/ha (the weighted average for all variants of 

the experience), and in the arid 2017 – only 2.73 t/ha (Table 4). That is, the sort of 

spring barley Stalker is more plastic and is able to form a stable performance with less 

dependence on weather and climatic conditions of the year. 

Similar results were obtained in the treatment of seeds and plants with bio 

substances in the cultivation of two varieties of peas Oplot and Tsarevich, the yield of 

which for three years from these substances increased by an average of 28-30%. At the 

same time, as in the cultivation of spring crops, the main indicators of the quality of 

pea grain are significantly improved, the number and mass of nodule nitrogen-fixing 

bacteria on the roots of plants increases, moisture is effectively used, the cost recovery 

for the introduced resource-saving measures in the cultivation of this legume crop 

increases. Similar results were obtained on two varieties of chickpea-Rosanna and 

Memory. 

The same data on the optimization of nutrition through the use of bio substances 

were obtained for the cultivation of sunflower (grade Dragan). Also in studies 

conducted in 2016-2017 without fertilizers formed 2.45 t/ha, on the background of the 

application N15P15K15 (100 kg/ha of NPK) – to 2.94 t/ha, and in the processing plants 

in the phase of 8-10 leaves and education of the basket, depending on the selection 

Restigouche substances from of 3.02 to 3.48 t/ha. Under the influence of this measure 

increases the mass of 1000 seeds, test weight, fat content in grain and the conditional 

yield of oil per unit area, and alcalinity, on the contrary, decreases. 

Thus, as it is known and confirmed by our studies with many crops, to increase 

their productivity and main indicators of the quality is possible by the application on 

the background of moderate doses of fertilizers and modern growth-regulating 

substances. This measure provides nutrition of young plants with macro-, 

microelements and partially organic matter (humins) through leaves. The assimilation 

of all nutrients with this approach increases significantly, which in turn contributes to 

the development of plant specific substances and proteins that increase their resistance 

to disease, drought, high temperatures and the like. 
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Table 4 Grain yield of spring barley varieties depending on resource-saving 

optimization of nutrition, t/ha 
V

ar
ia

n
t Number 

of 

treatments 

Varieties (factor B) 

Stalker Vakula 

years of research 

the 

increase in 

yield 

years of research 

the 

increase in 

yield 

2016 2017 average t/ha % 2016 2017 average t/ha % 

C
o
n
tr

o
l 

  2.91 2.64 2.78 0 0 3.26 2.27 2.77 0 0 

1
. 
F

re
sh

 F
lo

ri
d
e 

2
0
0
 g

/h
a 

1 treatment 3.67 2.75 3.21 0.43 15.5 4.07 2.43 3.25 0.48 17.3 

2 treatments 3.92 3.08 3.5 0.72 25.9 4.38 2.92 3.65 0.88 31.8 

3 treatments 4.04 3.34 3.69 0.91 32.7 4.52 3.24 3.88 1.11 40.1 

1
. 
F

re
sh

 F
lo

ri
d
e 

 

3
0
0

 g
/h

a 
 1 treatment 3.92 3.32 3.62 0.84 30.2 4.32 2.74 3.53 0.76 27.4 

2 treatments 4.28 3.7 3.99 1.21 43.5 4.75 3.02 3.89 1.12 40.4 

3 treatments 4.54 3.93 4.24 1.46 52.5 5.07 3.39 4.23 1.46 52.7 

1
. 
F

re
sh

 F
lo

ri
d
e 

2
0
0
 g

/h
a 

1 treatment 3.69 2.74 3.22 0.44 15.8 4.13 2.29 3.21 0.44 15.9 

2 treatments 3.9 3.09 3.5 0.72 25.9 4.33 2.45 3.39 0.62 22.4 

3 treatments 3.97 3.37 3.67 0.89 32 4.45 2.59 3.52 0.75 27.1 

1
. 
D

2
М

1
 1

0
0
0
 

g
/h

a 

1 treatment 3.46 2.97 3.22 0.44 15.8 3.87 2.31 3.09 0.32 11.6 

2 treatments 3.84 3.3 3.57 0.79 28.4 4.31 2.85 3.58 0.81 29.2 

3 treatments 4.28 3.84 4.06 1.28 46 4.8 3.06 3.93 1.16 41.9 

1
. 
E

sc
o
rt

 2
5
0
 

g
/h

a 
 

1 treatment 3.48 2.7 3.09 0.31 11.2 3.86 2.36 3.11 0.34 12.3 

2 treatments 3.82 3.03 3.43 0.65 23.4 4.25 2.75 3.5 0.73 26.4 

3 treatments 4.15 3.39 3.77 0.99 35.6 4.65 3.05 3.85 1.08 39.0 

 

In addition, nutrients, which are components of the growth-regulating substances, 

after contact with the leaf surface of the plants are rapidly absorbed, they pass the same 

way of synthesis as the elements that enter the plant through its root system, but 5 or 

more times faster. During seed treatment, biostimulators enhance the growth and 
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development of seedlings, in the subsequent phases of vegetation increase the intensity 

of photosynthetic activity of plants, in general, positively affect the yield and quality 

of grown products. Moreover, due to higher levels of crop yields due to use for power 

optimization growth-regulating substances, after the end of the growing season in the 

soil and remains much more plaintive-root residues, which in turn serve as organic 

fertilizer for the next crop. Thus, growth-regulating substances have a positive impact 

on the preservation of the main indicators of soil fertility. 

For the southern Steppe zone of Ukraine, the presence of organic matter in the 

soil is extremely important for the accumulation, retention and further economical 

consumption of moisture by plants for crop formation. In compacted and depleted 

organic matter soil differences water in the rain and especially for high temperature 

conditions practically do not wet the soil, and evaporates quickly, that is, moisture is 

lost unproductively. The specified negative sign is not shown on fertile soils at high 

culture of agriculture. Consequently, even after prolonged drought, the moisture in 

these soils is retained and better used by plants. The importance of organic farming in 

this case increases, because in the South of Ukraine the main limiting factors for 

obtaining high yields of crops is the presence of moisture.  

Our studies have determined that organic fertilizers in their properties can 

significantly improve the water-absorbing and water-retaining capacity of the soil, they 

act as mulch for the top layer of the soil, prevent evaporation of moisture and its 

unproductive losses. We show the above on the example of the influence of different 

types of organic fertilizers on the water-clay ability of the soil (Table 5). 

Table 5 Water-absorbing ability of soil under the influence of organic fertilizers 

(average for three years) 

Experiment variant Water absorbed, mm/h % before control 

Without fertilizer 11,69 100,0 

Manure 30 t / ha 13,60 116,0 

Green manure (peas) 15,30 130,9 

Green fertilizer (rapeseed) 14,73 126,0 

 

Much more effectively moisture is used to optimize nutrition, which can be traced 

at the example of sunflower, which was grown without the introduction of organic and 

mineral fertilizers, and during the growing season only foliar feeding growth regulating 

substances were used. 

For the conditions of the southern Steppe of Ukraine, which is characterized as a 

zone of unstable moisture and risky agriculture, when in some periods in the region for 

100-120 days there is no precipitation, it is important to use moisture with the greatest 

efficiency – its reserves in the soil during the sowing of crops and precipitation that fell 
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during its growing season. We have determined the total water consumption of 

sunflower plants in the years of cultivation, its data are shown in table 6. 

Table 6 Total water consumption of sunflower and its balance  

in the years of cultivation 

Years of 

research 

Components of water consumption, m3 / ha 
Share of total water 

consumption, % 

Soil 

moisture 

Precipitation 

of the 

vegetation 

period 

General water 

consumption 

Soil 

moisture 

Precipitation 

of the 

vegetation 

period 

2016  980 2293 3273 29.9 70.1 

2017  670 1636 2306 29.1 70.9 

The average 

for 2016-2017 
825 1965 2790 29.6 70.4 

 

Significantly higher total water consumption was determined in a more favorable 

moist year – 2016, in which the soil moisture reserves were also large. However, in 

both years growing in the balance of total water consumption, the proportion of both 

soil moisture and precipitation of the growing season were almost the same. At the 

same time, it is most important to determine the coefficient of water consumption that 

characterizes the amount of moisture that the plant spends on the formation of the crop 

unit.  

Sunflower crops on average for two years of research the least effectively used 

moisture without the use of biological products for foliar feeding. Thus, during 

treatment of crops with water only (control) plants spent 1320,4 m3/t, slightly less than 

the coefficient of water consumption already in processing plants in the phase of 3-4 

pairs of leaves with retardin (0.25 kg/ha) 1211,9 m3/t. with Fresh energy depending on 

the doses of use – 1005.11-1171.6 m3/t, and these two drugs together: 941.7 is 1128 

m3/t. 

Carrying out fertilizing in the budding phase provided a more efficient use of 

moisture by sunflower plants. Among two feedings in the phase of 3-4 pairs of leaves 

budding and the coefficient of water consumption was reduced to 873.4-912.3 m3/t. 

Therefore only due to the processing of sunflower crops with growth regulators 

according to the background gopong application of mineral fertilizers N16P16K16 it is 

possible to reduce the ratio of water consumption to 9.0-51.2 %. 

It should be noted that since two years of sunflower cultivation, the water 

consumption coefficient has been determined somewhat higher in 2016, and in 2017, 

it was slightly less favorable in terms of precipitation. 

The importance of biological products in improving the efficiency of water 

consumption of sunflower is illustrated in Fig. 3, where the better time for foliar 

application is clearly seen. 
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Figure 3. Influence of doses and timing of fertilizing with biopreparations on the 

coefficient of water consumption of sunflower (average for 2016-2017), m3/t 

 

Treatment of plants with bio substances during budding is much more appropriate 

in comparison with the phase of formation of 3-4 pairs of leaves. Feeding in the 

budding phase according to the values of the water consumption coefficient slightly 

differs from their values in the processing of sowing twice in both phases of the 

development of sunflower plants. 

 

CONCLUSION 

Thus, as it is determined by the results of our research, the level of crop yields is 

significantly determined by the degree of soil fertility, namely it depends on its supply 

with the organic matter and the content of basic nutrients. It grows under the influence 

of fertilizers, the use of which on poorer soils contributes to a more significant increase 

in yield compared to fertile ones. A prominent place should be given to scientifically 

based alternation of crops in crop rotation, which improves the basic indicators of soil 

fertility, enriching it with organic matter and reduces the cost of production. 
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Due to the increase in organic matter in the soil, water absorption capacity and 

efficiency of moisture use by plants significantly increases. In the conditions of modern 

resource provision of the agricultural sector, in particular the high cost of mineral 

fertilizers, the missing volumes of organic application should be developed and modern 

approaches to plant nutrition should be implemented. The most effective and cheapest 

method is the use of biologics and growth regulating substances for presowing 

treatment of seeds or planting plants in the main periods of the  growing season. This 

allows to reduce the dose of mineral fertilizers, increase crop yields, increase their 

resistance to drought and adverse environmental conditions, has a positive effect on 

the main indicators of quality of grown products, elements of fertility and significantly 

improves the efficiency of the use of plants moisture on the formation of the crop unit.  

With such resource-saving approaches it is possible to achieve a certain stability 

in the management of agricultural crops, including in the zone of unstable moisture 

when changing soil and climatic conditions of the southern Steppe of Ukraine, which 

is the breadbasket, the source of vegetables, melons and other crops. 
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