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Abstract. The main task of crop production and agriculture in Ukraine was and remains the creation of
the necessary conditions for sustainable agriculture based on intensive use of natural and agronomic
resources, preservation and increase of soil fertility. In the implementation of this task, the techniques
that promote efficient land use and ensure the ecological balance of the environment are important.

Climate change has a significant impact on agricultural productivity, including significant
fluctuations in rainfall, air temperatures and the devastating effects of drought. Therefore, under such
conditions, agrarian science must develop and introduce into production agricultural systems on the
irrigated lands, which would be adapted to the adverse effects of climate change at the global and
regional scales. The use of scientifically based biologically optimal irrigation regimes developed at the
Institute of Irrigated Agriculture of NAAS allows to increase the yield of winter wheat by 3.4 times,
grain corn - by 4.7; soybeans - 3.5; alfalfa hay - 2.5 times. Standardization of irrigation water and other
agricultural resources allows to obtain the maximum net profit and reduce anthropogenic pressure on the
irrigated soils.

Given the regional climate change in the Steppe zone of Ukraine, it is necessary to expand the
directions, the program of research on the adaptation of the system of agriculture to the new agro-
ecological situation, which includes: creation of new varieties and hybrids of crops with optimal
parameters of adaptation to arid conditions and regional climate change; reduction of the share of
plowed agricultural lands and increase in the areas with the use of agro-ameliorative measures;
continuous investigation of the soil formation processes, development of the measures for preservation
of the soil fertility and prevention of its degradation; restoration and construction of new irrigation
systems and development of irrigated agriculture as a guarantor of a stable crop vyield, effective
development of the agricultural sector and rural areas in the area of irrigation.
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Introduction

Irrigation plays an important stabilizing role in the food, resource and currency supply of the
country, particularly in the years with adverse weather conditions, which increases the importance of
meliorated lands due to the global climate change and desertification of the territories. Today, it is one
of the main factors and conditions for the intensification of agriculture in the areas with unstable and
insufficient natural humidification and even beyond them. However, the associated intensification of
agricultural production leads to the emergence of acceptable, maximum allowable and insignificant
environmental risks in the large areas, which are the most inhabited in the country [1, 2].

The basis of economically reasonable, sustainable, and long-term agricultural use of meliorated
agrosystems is the formation and maintenance of their ecological balance. Therefore, the further
development of intensive irrigation requires the determination of acceptable limits of environmental
risks in accordance with existing safety requirements and the development of a system of the global
management decisions to prevent their manifestation and possible consequences. Irrigated agricultural
land in Ukraine exceeds 2.2 million hectares. Among 10.9 billion cubic meters of water used annually in
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agricultural production, the main share is occupied by irrigation, while the share of water pollution
caused by agricultural production is estimated at the level of 16.6% [3, 4, 5].

The modern development of the agricultural sector in recent years has been based on the use of
increasing doses of mineral fertilizers with no applicatiomn of organic ones, as well as the
intensification of crop protection by increasing the frequency of spraying with pesticides. Under such
conditions, product quality did not always improve. This requires finding ways to improve product
quality, to which much attention has been paid in recent years. One of the areas of production of high-
quality crop products is the biologization of crop technology [6, 7].

Drip irrigation saves water by 50% compared to conventional irrigation (sprinkler, by furrows,
flood irrigation). Therefore, in organic farming (as in natural cenoses) the soil should be covered with
vegetation or plant residues for as long as possible. When growing vegetable plants using organic
technologies, the use of the method of hydrosowing is a prospective one. This method of sowing
provides obtaining the level of field seeds germination rate as the level of their laboratory germination
rate, reduction of sowing rate by one and a half to two times, application of liquid organic fertilizers at
the time of sowing, biological plant protection products, microelements, etc. Under such a method,
seedlings appear in five or seven days after sowing (in the conventional method - in 12-21 days), earlier
than weeds, which provides an increase in yield. Besides, drip irrigation is the most suitable method to
produce organic vegetables, which saves irrigation water and fertilizers up to 30-40% or more, provides
preservation of soil fertility [8, 9, 10].

Directions of rational use of natural and ecological potential of the Steppe zone of Ukraine

Land is a universal natural resource of agriculture, which is required for the functioning of all
industries. It is irreplaceable for other types of resources, and it is the main means of producing crop
products on land. The Steppe zone of Ukraine covers an area of 240.2 thousand sq km, which is about
40% of the territory of the country (603.7 thousand sq km). The length in the meridional dimension is
500 km, in the latitudinal - 900 km [11].

A characteristic feature of the lowlands, which occupy a significant part of the zone, is the lack
of sloping lands, which causes favorable conditions for field crops cultivation. Abiotic soil resources of
the Steppe territory were formed on parental rocks of different origin and mechanical composition.
More than 80% of the area is occupied by the most valuable forest species for crop production, on which
soils of heavy loamy and light clay composition have been formed. Medium and light loamy soils are
located mainly in rivers' valleys, while the first are found locally within the Donetsk and Priazov
uplands [12].

Among other (non-loessy) parental rocks there are alluvial sands (lowlands of the Dnipro river),
dense carbonate-free rocks (Donetsk, Prydniprovska and Priazovska uplands), dense carbonate rocks
(Steppe part of Crimea, spurs of the Middle Russian Upland, root banks of the Siverskyi Donets,
Inhulets, Inhul, Pivdennyi Buh rivers). A feature of soils formed on dense parental rocks is gravel,
which significantly reduces their potential fertility [13].

To zone the Steppe area by moisture supply resources, nature of soil formation and soil fertility a
relative parameter - hydrothermal coefficient of Selianinov (HTC) - is used, which expresses the ratio
between precipitation for the period with an average daily air temperature above 10°C and the sum of
the temperatures for this period, multiplied by 10 [14].

Each soil-ecological zone of the Steppe is characterized by a certain type of soil, which differs in
terms of agronomic quality, and hence potential (natural) productivity. Rational use of land resources in
adaptive crop production is possible only with deep knowledge and consideration of soil fertility. Three
main types of soils have been formed on the territory of the Steppe: common chernozems; southern
chernozems; chestnut soils and solonetz soils [15,16].

The allocation of geographical zones and subzones of the Steppe territory is based on the types
of natural conditions, and the main criterion is the typical composition of the soil cover. In the structure
of land resources of the Steppe, the largest share is occupied by chernozems (80.3% as a part of
agricultural lands and 84.2% as a part of arable lands), and chestnut (respectively, 7.4 and 8.0%) soils.
Meadow-chernozem, meadow-chestnut, meadow solonetz soils are also quite common. According to the
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generally determined moisture resources and the corresponding properties, chernozem soils are divided
into two types - common chernozems and southern chernozems. Common chernozems are formed in the
conditions of the Northern Steppe zone with HTC V-1X = 0.68-0.89, are characterized by the most
favorable water-physical properties, the highest moisture supply, and hence the highest natural
productivity (Table 1). The humus content is 3.8-5.5%.

Table 1
Parameters of natural fertility potential of the Steppe soils
. Humus content HTC be the periods of the growing season Precipitation XI-I11
Physical % in Uha in the o
clay, % 0-30 cm profile V-VII VII-IX V-IX mm % efficiency

Common chernozems

36-40 3.3-3.8 325 0.95 0.77 0.88 140-160 52

41-45 2.8-3.1 240 0.77 0.60 0.70 140-160 58

56-60 5.3-5.5 500 0.95 0.68 0.84 120-140 65
Southern chernozems

36-40 2.1-2.3 180 0.77 0.45 0.64 120-140 80

51-55 3.0-3.2 210 0.77 0.45 0.64 120-140 30

Dark-chestnut soil
41-45 2.0-2.3 160 0.69 0.45 0.59 120 72
61-65 3.1-3.3 210 0.75 0.44 0.63 140 72
Chestnut soil
41-45 1.6-1.8 95 0.54 0.45 0.50 120-140 72
61-65 2.2-24 160 0.53 0.45 0.50 120-140 72

Southern chernozems are common in the Southern Steppe Zone with HTC = 0.61-0.67 and are
represented by one weakly humus subtype, the humus content is 2.7-4.0%. A feature of the southern
chernozems is the flatness of the distribution area, which contributes to their crop use. Chernozem soils
are characterized by the highest fertility potential in the world.

Chestnut soils are formed in the Dry Steppe zone with HTC = 0.45-0.60. According to the natural
features of quality, these soils are divided into two subtypes: dark chestnut low-humus (2.3-3.3% of humus in
the arable layer) and alkaline (solonetz) chestnut very low-humus (1.6-2.4%).

Chestnut solonetz soils in the complex with solonetz soils are distributed in a very dry subzone
of the Prysyvasko-Prychornomorsky region with HTC during the growing season of spring crops (V-1X)
averaged to 0.45-0.51. The profile of chestnut solonetz soils clearly shows signs of alkalinity that
together with the aridity of the climate significantly worsens their conditions for field crops cultivation.

Among all types of soils in Ukraine, the most common are chernozems, which occupy about
60% of all land in the country and about 30% of their world area. Chernozems are the national wealth of
Ukraine, a powerful source of renewable life energy.

Almost all the territory of the Steppe receives enough heat for the cultivation of most temperate
crops (Table 2).

Table 2

Climatic parameters of soil-ecological territories of the Steppe

Growing season Annual

V-IX XI-111 Temperature in L

Sum S s January, °C precipitation,
10°C HTC Precipitation, mm | Precipitation, mm mm
Northern Steppe Zone
2750-2950 | 0.68-0.89 | 200-265 | 120-210 | -(79-07) |  400-520
Steppe Northern-Central insufficiently humidified subzone
2750-2800 | 0.83-0.89 | 230-265 | 120-210 | -(7933) |  440-520
Steppe Southern-Central moderately arid subzone
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2800-2900 | 0.76-0.82 | 215-240 | 120-210 | -(79-20) |  400-500
Steppe Southern-Central arid subzone

2900-2950 | 0.68-0.75 | 200-225 | 120-210 | -(55-07) |  400-460
Southern Steppe Zone

2950-3050 | 0.61-0.67 | 180-200 | 120-160 | -(4407) |  370-430

Dry Steppe Zone

3000-3050 | 0.45-0.60 | 140-185 | 120-140 | -(44-20) |  310-390
Dry-Steppe dry subzone

3000-3050 | 0.52-0.60 | 155-185 | 120-140 | -(44-20) |  340-390

Dry-Steppe extremely dry subzone
3000-3050 | 0.45-051 | 140-165 | 120-140 | - (3.2-2.0) | 310-345

Zoning by soil and economic status provides an opportunity to differentiate and efficiently use
the resources of the Steppe lands by adaptive crop production and to develop and implement appropriate
systems to protect and improve soil fertility. For this purpose, it is necessary to analyze in detail the soil
and ecological resources of the Steppe zone for the formation of agrobiologically sound technologies for
cultivating cereals and legumes.

The general state strategy for the development of the agricultural sector of Ukraine should be the
priority of sustainable development of the crop production sector as a basis that is determined by the
irreplaceability of agricultural products and food in human life and society, its exceptional social
significance.

Crop production in Ukraine has the age-old fundamental scientific and practical achievements of
efficient management in different soil and climatic conditions, the history of the industry has formed the
status of Ukraine primarily as an agrarian country. Agriculture of Ukraine with its basic sectoral
components is a system-forming in the national economy, it forms the factors of preserving the
sovereignty of the country: food, economic, environmental and energy security of the state, ensures the
development of many sectors of the national economy.

Crop production in the agrarian sector has its objective advantages of natural resource potential,
able to provide production potential that far exceeds the needs of the domestic market, is an industry that
at this stage can strategically become (within certain limits) the locomotive of the economic
development, give impetus to investment, technological and social rise in the country.

The strategy of the Steppe crop production development for the future period should be directed
on the formation of an efficient, resource-saving, environmentally friendly, socially oriented, science-
intensive sector of the state economy, capable to meet the demands of the domestic market and keep up
leading export positions in crop products.

Obtaining high and sustainable crop yields is based on the highly efficient use of soil and
climatic resources. In agricultural production, in contrast to other sectors of the economy, these
conditions are the most important constituents, which are irreplaceable in the process of the crop
products production.

At the same time, natural resources differ from conventional productive means by the ability to
natural restoration of their properties that had been lost completely or partially in the process of their
use. The degree of the property’s restoration of some types of the resources (solar radiation, heat, etc.)
depends little on the nature of production, and the degree of restoration of others (agrophysical structure
of soil, nutrient reserves, and productive moisture in the soil) are determined by the intensity of their use
in the process of crops cultivation.

Natural resources that are directly regulated are subject to management due to the main factors of
intensification of modern agriculture - chemicalization (fertilization, gypsum application, application of
herbicides), improvement in the structure of sown areas, tillage, and replenishment of soil moisture by
irrigation. Based on these factors, soil fertility increases, water supply improves, and the best conditions
are created for obtaining high yields of crops.

A distinctive feature of intensive agriculture is the increasing dependence on the plant life
resources. The degree of their use is determined by the nature of the object (crop) and the interaction
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between it and plant life resources in the process of crop formation. The task of obtaining sustainable
yields is mainly reduced to approaching as far as possible environmental conditions meeting the
requirements of plants.

The most important condition for further improvement in the efficiency of agriculture is the
correct evaluation and investigation of natural resources of the region, based on an in-depth analysis of
the dependence of crop yields on soil and climatic peculiarities. The constantly growing need to
consider soil and climatic factors is due to the strengthening of their impact on the result. Comparison of
the data of the real level of agroclimatic resources with the plants' requirements allows to highly
accurately determine the factors that limit the obtaining of high yields.

It is important to point out that in the systems of intensive irrigated agriculture such factors as
heat, light, moisture, nutrients are used with a higher efficiency. Under an insufficient level of
agrotechnology, soil and climatic resources are spent to a greater extent not on the accumulation of
biological mass, but on physiological processes, which leads to the loss of accumulated organic matter.

For a rational investigation of soil and climatic resources, a more precise definition of the
primary bioclimatic constants for each crop is needed. Bioclimatic classification of plants allows to
correctly evaluate the potential climatic capacities of the region. And this, in its turn, opens
opportunities for the development of rational crop rotations, selection of such crops, hybrids, varieties
that will ensure the maximum use of the entire growing season, creating a high photosynthetic potential
of crops and the highest yield per the unit of area.

The main and most important bioclimatic characteristics of plants include the duration of the
growing season, the requirements for thermal factors, the degree of efficient water use, the features of
the photoperiodic reaction.

The bioclimatic parameters of plants are influenced not only by variations in weather conditions,
but also by varietal composition. The latter is important because inter-varietal differences can be quite
significant, and the choice of variety often plays a crucial role in determination of the possibilities in the
cultivation of a particular crop or group of crops.

Despite regional differences, solar radiation provides the required amount of energy to all the
crops cultivated in southern Ukraine, even with and excess. It is determined that the energy demand of
plants practically does not depend on the conditions of moisture supply and the level of mineral
nutrition. That is why it is the basis for calculating the maximum possible yield at a given PAR
adsorption coefficient, which is the starting point for programming. Knowledge of the amount of
photosynthetic active radiation income during the potential growing season or during the time that
makes up any other part of it, we can set the task of rational accumulation of this energy by cultivated
plants. And then based on such an index it is possible to determine the potential yield of the main crop
or intercrop, variety.

Potential yield is determined by the biological capabilities of the plant, the income and
absorption of photosynthetic active radiation by plants. It is possible provided that the requirements of
plants in heat and material factors of life are completely met, i.e., when the level of agrotechnology and
melioration will allow to bring the coefficient of PAR absorption to the maximum level.

High yields of cereals and legumes could be obtained only under favorable conditions: a high
level of agrotechnology, sufficient supply of crops with nutrients, water, optimal plant density, the
corresponding yielding properties of varieties. To obtain high yields, it is necessary that every unit of
PAR energy received during the growing season, and each percent of its use for photosynthesis and
accumulation in the crop, the plants received about 750 m®/ha of water available for transpiration, 25-30
kg/ha available nitrogen, and a total of 150 kg/ha of mineral nutrition in the optimal proportions.

Besides the income of PAR, plants are significantly affected by the duration of day. It was found
that some plants develop faster in long day, and others — in short one. The day duration in the time of
spring sowing approaches 14 hours, in June it reaches 17 hours, and then begins to decrease to 15 hours
by mid-August and to 11.5 hours by the end of September. Therefore, at spring terms of sowing, the
conditions are most favorable for growth and development of plants of a long day, and at summer crops
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— for short day plants. The factor of the day duration is especially important at planning the cultivation
of intercrops and the selection of components of the agrophytocenosis.

Thermal resources of the Steppe zone of Ukraine are one of the main factors in the
differentiation of agricultural production and agricultural productivity. The South of Ukraine is
characterized by enough heat. The duration of the warm period averages to 280-290 days, the cold
period — respectively, 75-85 days. Assessing heat supply, it is important firstly to determine the number
of days with certain temperature transitions during which the vegetation of different crops is possible, as
well as the sum of active temperatures, which characterizes the compliance with heat requirements of
individual crops (Table 3).

Table 3
Thermal resources of the South of Ukraine [16]

The number of days with the Average dates of air
Region, temperatures above frosts, day/month Sum of active
(oblast) 0° C 500 10°C last first temperatures,°C
Zaporizhzhia 251-269 207-220 167-180 14/04 15/10 2940-3450
Mykolaiv 281-315 226-242 178-190 25/04 10/10 3080-3600
Odesa 259-272 212-224 172-183 9/04 27/10 3020-3480
Kherson 257-306 212-245 169-192 13/04 24/10 2880-3610
AR Crimea 265-290 218-232 177-187 15/04 16/10 3260-3500

For most crops cultivated in the South of Ukraine, the period when the average daily temperature
exceeds 5°C above zero is the most important, and for the warm-season crops — 10°C above zero. The
sums of positive temperatures above 5°C during the vegetation period in the South of Ukraine are
3430°C, above 10°C — 3075°C, above 15°C — 2540°C. The average annual air temperature in the South
of Ukraine ranges within 8 to 10.8°C. The average temperature of the warmest month (July) fluctuates
from 20.6 to 23.9°C, and of the coldest one (January) — from 0.6 to 5.8°C below zero.

Adaptation of crops cultivation technologies on the irrigated lands of the Steppe zone of
Ukraine

The growing season in the southern part of the region begins on March 20-31, in the north — on
April 1-5. The end of the growing season is on November 15-25 in the southwestern part and on
November 1-15 in the northeastern part. Comparison of the actual heat resources in the South of
Ukraine with the stated requirements of crops indicates the full satisfaction of the requirements of
warm-season crops: rice, melons, vegetables, as well as the feasibility of the repeated crops after the
cultivation of some crops.

At the cultivation of some crops, only a part of the growing season is used, and some energy
reserve remains, which could be used for the cultivation of intercrops. The residual heat resources and
the growing season after harvesting some crops or mixed crops and the possibility of their use for the
cultivation of intercrops are determined in the Table 4.

Table 4
Frost-free period duration and residual heat after harvesting some crops

Cro Harvesting period Days to frost| Sum of active
P vegetation stage date/month start temperatures, °C
Winter barley Start of earing 30/05-05/06 130-135 2300-2850
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Winter wheat Full ripeness 05/07-10/07 90-100 1600-2150
Spring barley Start of earing 10/06-15/06 120-125 2100-2700
Corn Milk-wax ripeness 05/08-15/08 60-70 900-1350
Peas Technical ripeness 10/07-15/06 120-125 2100-2400

At the crops cultivation in the postharvest period (after harvesting winter wheat), their ability to
reduce the duration of the growing season due to higher temperatures in the initial period of growth and
the typical photoperiodic reaction should be taken into account.

Long-day crops in the post-harvest crops are characterized by more intensive growth. Although
the stages of development are delayed, the ability to increase the vegetative mass increases. At the same
time, the demand for heat decreases by 200-300°C (in total). All these facts determine the favorable
conditions for post-harvest cultivation of crops.

The duration of plants' vegetation and the amount of heat required are determined in the Table 5
based on the generalization of the materials of our studies.

Table 5
Growing season duration and the demands for heat at the cultivation
of field crops in the period after harvesting

Growing stage at Growing season, Minimum sum of active
Crop .
harvesting days temperatures, °C
Early ripening varieties of millet, buckwheat, Full ripeness 70-85 1100-1200
peas, mustard
Mlddlg ripening var.letles of these crops, Full ripeness 95-125 1550-2100
Early ripening hybrids of corn
Barley, millet, ryegrass, peas, soybeans, vetch, Flowering 60-65 950-1050
buckwheat
Corn, sorghum, Sudanese grass, millet Full ripeness 60-90 1400-1600

The list of the crops cultivated in the South of Ukraine is remarkably diverse. Thermal resources
here provide the opportunity to obtain high yields, including late-ripening crops (corn, millet, soybeans)
not only in the main sowing period, but also in the postharvest period. It is important to avoid large gaps
between harvesting the previous main crop and sowing the intercrop. Thus, during the ten-day break of
these terms, 200-250°C of active temperatures are lost, which is equivalent to the loss of the future grain
yield of 0.7-1.2 t/ha.

The south of Ukraine is extremely limited in moisture resources during this period, so the
cultivation of intercrops is effective only under irrigation.

Moisture supply conditions, as an important factor in plant life, often limit the obtaining of high
and sustainable yields. The main peculiarity of this factor is that some of its values (soil moisture, air
humidity in the crop) can be changed with a set of agronomic and melioration measures and thus
improve the conditions for crops cultivation.

The values included in the complex of moisture supply conditions characterize the regime of
humidification of the surface layer of the atmosphere and soil. These include absolute and relative
humidity, its deficit, the characteristics of the regime of precipitation and moisture storage in the soil,
complex indices of heat and moisture supply. These values are closely interrelated.

The main source of moisture on the earth's surface is precipitation, which falls in the drip-liquid
or solid phase and possesses a layer of water with a thickness of a certain number of millimeters. The
precipitation regime is characterized by such indices as type, quantity, intensity, number of days with
precipitation of different amounts.

Among all the meteorological figures, precipitation is one of the most variable in space and time.
A distinctive feature of the spatial distribution of precipitation is the considerable diversity of its
income, especially in the form of showers, which in some locations reaches and sometimes exceeds the
absolute monthly maximum. For example, in Mykolayiv on May 30, 1955, 190 mm of rain fell in one
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downpour. The nature of precipitation depends on both the season and the physical and geographical
features of the regions themselves. The greatest spatial variability is usual in coastal areas. For the
temporary variability of monthly precipitation amounts, the characteristic features are significant
fluctuations over the years — they can be several times less or greater than the long-term norm. The
precipitation amount in the South of Ukraine is characterized by the lowest values compared to other
climatic zones.

The postharvest period is characterized by a lack of moisture. This is due to summer droughts,
low rainfall (less than 50% of the amount for the entire growing season), high evaporation and
significant depletion of soil moisture in the previous period.

If the average long-term moisture storage in the Steppe zone during the sowing of late crops is
25-35 mm in the arable layer of soil, or 100-150 mm in the meter layer, under the timely conduction of
spring field works and optimal sowing dates, normal seedlings appear. In the postharvest period, soil
moisture storage decreases to 5-10 mm in the arable layer and to 20-50 mm in the meter layer. This
amount of moisture is insufficient for seed germination. It is worth remembering that the reduction of
productive moisture in the arable layer to 20 mm is the beginning of the droughty period, and up to 10
mm — the beginning of the dry period. At the same time, we pay attention to the significant increase in
precipitation in the South of Ukraine in recent years, which confirms our analysis by the meteorological
stations of Kherson oblast.

Estimated yields of field crops based on precipitation data are given in the Table 6. According to
them, it is possible to approximately determine the productivity of crops in the Southern Steppe of
Ukraine.

Table 6
Theoretical figures of field crops yields estimated by precipitation amounts, t/ha

Terms of sowing
Crops -
spring postharvest
Early cereals: - for grain 2.0-2.6 -
- for green mass 22.5-32.5 15.0-20.0
Late cereals: - for grain 3.0-3.6 1.6-2.2
- for green mass 37.5-45.0 20.0-27.5

In the conditions of irrigated agriculture, the most favorable water regime for plants is created.
However, the rational use of available water resources is important. In this regard, it is necessary to
know the amount of moisture deficit in different by the moisture supply years. Therefore, the estimation
of moisture supply should be defined not by precipitation, but by the deficit of water use, which is a
complex index of the water balance of the root layer of the soil, which determines the demand of plants
for additional humidification.

This is explained by the fact that the figure of water use involves not only precipitation of the
growing season, but also soil moisture storage, the presence of which, especially at the beginning of the
growing season, depends mainly on the precipitation of the previous period. The role of soil moisture
storage is significant, it can account for 40-50% of total water use. A certain amount of moisture is
saved owing to the shallow layer of groundwater (up to 3 m) that takes part in the water use of plants. In
moderately dry years, which correspond to the years with 25% of water supply, and in moderately wet
years, which are equivalent to 75% of water supply, the largest deficit of the water use of cereals is
observed in Zaporizhzhia, Mykolaiv, Kherson oblasts and the Autonomous Republic of Crimea. In the
conditions of the South of Ukraine, there is a great disproportion that is expressed in the abundance of
energy and thermal resources under the deficit of precipitation. Therefore, irrigation is of a great
efficiency here.

The most important characteristics of the extremity in the conditions of moisture supply in the
southern regions of Ukraine are the indices of intensity and recurrence of droughts: duration and
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recurrence of rainless periods, duration, recurrence and coverage of droughts, number of days with dry
winds and their intensity.

In the Steppe zone of Ukraine, rainless periods, the duration of which exceeds 1-2 months, are
observed each year. Rainless periods lasting 10-20 days occur two or three times a year during the
growing season. The first days of rainless periods do not pose a danger to the development of crops.
From the tenth day, the lack of rain has a negative effect on the condition of plants, especially in the
stages of earing and flowering, when the demand for moisture is greatest. Starting from the tenth day of
no rain, the following days are considered droughty. Therefore, the number of dry days in the rainless
period will be by 9 less than the total number of days in the period. In the Steppe zone, the number of
droughty days increases from 50 on the border with the Forest-Steppe zone — to 90-94 in the coastal
strip. Rainless periods are the reason for droughts and dry winds.

The recurrence of spring droughts in the Southern Steppe regions of Ukraine is about 40%,
summer droughts reach 80-90%, and autumn — only 20%. The probability of droughts covering the
entire summer period varies from the North to the South from 20 to 50%. In the South of Kherson
oblast, in the coastal strip, their probability is 50-60%. The days when the relative humidity is less than
30% are considered dry. They are most often observed in the southern and eastern parts of the Steppe
zone. Dry days are observed mainly in the warm period of the year. In winter, the number of such days
is insignificant. In the spring, their number increases and in April-May in some places reaches 7-9 days.
In the spring, the combination of low humidity (less than 30%) with low temperatures (cold drought)
causes great damage to winter crops. Such conditions are especially harmful in late April-early May
when winter plants are the formation of spikelet and flowers in spikelet. Under the influence of such
conditions, the number of grains per ear could be significantly reduced, which, all in all, significantly
affects the yield.

July and August are the driest months of the year. Intense air warming and a decrease in
precipitation lead to an increase in the number of dry days to 9-12 and a decrease in humidity below
30% in the areas, which are far from the seacoast. The greatest number of the days with dry winds
during the year is observed in Kherson oblast — from 16 to 22, the lowest — in Odessa — from 5 to 15
days; in another part of the region, excepting the coastal areas, the number of the days with dry winds is
from 11 to 20.

The southern region is characterized by a significant duration of the days with the temperatures
above 30°C (25-30 days) and relative humidity below 30% (30-35 days). These weather indices in the
combination with winds of speed more than 5 m/sec are the constituents of the dry wind period. Such
winds occur in all the months of the warm period with the greatest frequency in August. In the warm
period of the year, the most significant areas with an increased number of days with dry winds are
observed here. The most active of them appear in Mykolayiv and Kherson oblasts, where the annual
recurrence of dry winds exceeds 15 days. In Odesa oblast, the average number of days with dry winds
per year is 7. In some years, dry winds in the Southern Steppe last from 36 to 50 days.

The initial sign of damage to cereals from dry wind is wilting, and then twisting of the leaves.
Further yellowing or drying of leaves in a green form and whitening of spikes of an ear is observed.
Such symptoms are irreversible. The greatest damage caused by dry winds is inflicted during the period
of filling and ripening of grain. When combined with drought in the air, which causes dry winds for 3-5
days, there is a decrease in grain weight by 40% or more.

The main reason for wind erosion is continuous plowing of the soil with moldboard plows.
Increasing plowing of the territory leads to the increase in the frequency of wind erosion. Irrigation is an
important factor of the reduction of the negative impact of dry winds and sandstorms. Under the
influence of irrigation, their probability decreases, because the humidity of the arable layer of the soil
increases and the microclimate of crops improves. Irrigation is especially effective on hot, dry days. Due
to the increased evaporation of moisture from the soil surface and transpiration of plants, the air
temperature in crops decreases by 4-6 ° C, and the relative humidity increases by 20-40%.

The main task of crop production and agriculture in Ukraine was and remains the creation of the
necessary conditions for sustainable agriculture based on intensive use of natural and agronomic
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resources, preservation and increase of soil fertility. In the implementation of this task, the techniques
that promote efficient land use and ensure the ecological balance of the environment are important.

The role of the time factor in these methods has an exceptional significance. Regarding
agrobiocenoses, it acts as a set of individual processes, alternating in terms of their implementation.
Management of temporal indices (duration of agrophytocenoses and their elements lifetime; alternation
in time of the stages of organogenesis, stages of plant development and other biological processes,
measures of cultivation technology) is combined in crop rotation, which is the basis of the systems of
agriculture.

The invaluable natural wealth of the Steppe of Ukraine is fertile soils. With sufficient light and
heat in the region, they can be used effectively only based on regulating fertility factors by the means of
irrigation. Deterioration of the ecological condition of the irrigated lands in the agriculture of Ukraine is
caused by the reduction of the area of crops that restore fertility (perennial grasses, legumes), ignoring
and non-compliance with crop rotations. Insufficiently conducted selection of crops in a crop rotation is
a frequent reason for reduced productivity and soil fertility. In these conditions, it is quite important to
develop the structure of sown areas and crop rotation system for each landowner, regardless of the size
of the land. It should be considered that in terms of market relations and private land ownership, the
previously used structure of sown areas requires significant changes.

On the one hand, the right of inheritance to land should promote a careful attitude to it, but on
the other - market relations create conditions for the activation of profits, without worrying about
measures to protect soils from degradation. Last time, in practice, such phenomena have been observed
when due attention is not paid to the correct selection of fore crops for the placement of highly
profitable crops, including winter wheat, soybeans, etc.

Climate change has a significant impact on agricultural productivity, including significant
fluctuations in rainfall, air temperatures and the devastating effects of drought. Therefore, under such
conditions, agrarian science must develop and introduce into production agricultural systems on the
irrigated lands, which would be adapted to the adverse effects of climate change at the global and
regional scales. The use of scientifically based biologically optimal irrigation regimes developed at the
Institute of Irrigated Agriculture of NAAS allows to increase the yield of winter wheat by 3.4 times,
grain corn - by 4.7; soybeans - 3.5; alfalfa hay - 2.5 times (Fig. 1). Standardization of irrigation water
and other agricultural resources allows to obtain the maximum net profit and reduce anthropogenic
pressure on the irrigated soils.

Aaccording to the data of the Institute of Irrigated Agriculture of NAAS averaged for the period
of 2015-2019.

It should be mentioned that the negative environmental manifestations are aggravated by project
errors of unbalanced general irrigation of all suitable lands of vulnerable Steppe ecosystems, non-
compliance with scientifically sound systems of agriculture, imperfect techniques and technology of
tillage and agricultural production, application of insufficient amount of organic fertilizers and
ameliorants, low level of scientific and technical exploitation of melioration systems, ignoring the
measures for environmental safety, general melioration, combating erosion and other measures in order
to achieve current short-term economic advantages.
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Figure 1. Irrigation efficiency in the conditions of the South of Ukraine
under the cultivation of major crops

In Kherson oblast, the area of irrigated land is about 426.3 thousand hectares, which is 21.6% of
the total area of agricultural land, including rice systems occupying 16.3 thousand hectares. There is a
significant dynamics of increasing the area of drip irrigation systems, which exceed 18.4 thousand
hectares. However, currently 14.8 percent of the total irrigated land is strongly affected by erosion, 1.5%
Is udic, and more than 4% are saline, alkaline, or at risk of secondary salinization due to the rising
groundwater levels and their mineralization.

The quality of irrigation water determines the water-salt regimes of the soil and, consequently, the
main properties and fertility of the irrigated soils. Monitoring and management of irrigation water
quality is a fundamental task of irrigation water supply, solving which will preserve and increase soil
fertility of meliorated agroecosystems. Assessing the quality of irrigation water, it should be taken into
account that within Kherson oblast the supply for irrigation of crops is provided from the Main
Kakhovka Canal to the area of 243.1 thousand hectares, North-Crimean canal for 101.7 thousand
hectares and Ingulets irrigation system for about 18.2 thousand ha. Local irrigation with unstable water
quality indices provides water supply on an area of about 41.8 thousand hectares. The water of the
Dnipro River belongs to the hydrocarbonate-calcium Il class water by the hazard of secondary leaching
and alkalinization. Its belonging to the "limited suitable™ group indicates the need for a system of
measures to prevent soil degradation.

Irrigation water of the 1IS is characterized by significant seasonal fluctuations in quality indices. It
is estimated as moderately mineralized, with average mineralization values of 1.5 g/dm?® and amplitude
of variation from 1.3 to 1.7 g/dm?3, chloride-sulfate and magnesium-sodium class. In general, the water
quality of the Ingulets irrigation system in the period of 2018-2019 corresponded to the second quality
class.

Insufficiently controlled at present systems of territorial and sectoral irrigated water consumption,
which are based on the use of underground sources, in terms of environmental parameters must meet the
requirements of environmentally friendly irrigation and the possibility of restoring water resources. The
formation of ecologically sustainable territorial meliorated ecosystems while simultaneous preservation
of the volume and quality of water resources requires a combination of the measures for restoration and
maintenance of the integrity of water systems, the development of water protection infrastructure and
rational use of resource potential of the zone.

Natural increase of anthropogenic load on meliorated agroecosystems, decrease in the general
level of safety because of the deterioration of basic funds considerably increase the degree of

96



Texnika va Agrar elmlori Technical and Agrarian sciences
2024-cii il, Ne 3 (9) - soh. 86-101 2024, Ne 3 (9), pp. 86-101

technological and ecological risk of agricultural enterprises. Environmental threats are also possible due
to the flaws in organization, control, and violation of production process.

The dynamics of agrochemical properties of the soils during irrigation testifies about polysemantic
time dynamics of fertility and a significant impact of other constituents of the system of agriculture.
Changes in the soil absorption complex are more significant. Without chemical melioration measures,
irrigation of soils, especially with waters of unfavorable chemical composition, can cause different
degrees of alkalinization with sodium and magnesium. With long-term irrigation without adequate
systematic measures for fertility reproduction, dehumification and its migration, reduction of mobile
phosphorus, exchangeable potassium and nitrification nitrogen are observed.

According to our generalizations, the main environmental risks due to the irrigation in Kherson
oblast are:

- disturbance of water balance and hydrological regime of the large arrays of poorly drained
areas;

- groundwater level rise, development of flooding processes and secondary irrigation
hygromorphism;

- development of the processes of primary and secondary salinization and alkalinization of the
irrigated lands and adjacent territories;

- transformation of initial agrophysical properties of the soils, their compaction, change of
microaggregate composition, reduction of number of water-resistant aggregates, destructuring, crusting,
etc.;

- soil degradation related to water erosion processes;

- changes in soil microflora and disturbances of biological activity;

- contamination of the lands with heavy metals, radionuclides and other substances of
anthropogenic origin;

- change in agrochemical properties of the soil.

Important problems at the state level are the need for technical re-equipment and modernization of
the irrigation systems to ensure their proper functioning in accordance with environmental standards,
automation of the operational management of hydraulic structures and meliorative network. The
complexity and severity of current environmental problems, and the associated decline in the
productivity of agricultural landscapes, require the introduction in the regions of irrigation of a new
ecological and economic model of the irrigated land use, which requires financial support and
appropriate legislation.

Conclusions

Given the regional climate change in the Steppe zone of Ukraine, it is necessary to expand the
directions, the program of research on the adaptation of the system of agriculture to the new agro-
ecological situation, which includes: creation of new varieties and hybrids of crops with optimal
parameters of adaptation to arid conditions and regional climate change; reduction of the share of
plowed agricultural lands and increase in the areas with the use of agro-ameliorative measures;
continuous investigation of the soil formation processes, development of the measures for preservation
of the soil fertility and prevention of its degradation; restoration and construction of new irrigation
systems and development of irrigated agriculture as a guarantor of a stable crop yield, effective
development of the agricultural sector and rural areas in the area of irrigation. In order to increase the
irrigation efficiency and reduce environmental load on the environment it is necessary to: strengthen
research work on the adaptation of agricultural systems on the irrigated lands to modern climatic
conditions, which are formed under the influence of global warming; to develop and implement in
agricultural production innovative resource-saving, environmentally friendly technologies and anti-
erosion measures, which are based on the principles of water conservation and a set of agricultural
measures for moisture accumulation in the soil; to develop and implement innovative irrigation
technologies (micro-sprinkling, subsurface irrigation), modern GIS-technologies, to create and
implement special computer programs, to provide for introduction of the newest methods of the
modeling of production processes in agroecosystems.
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REGIONAL iQLIiM DOYISIKLIKLORINDO UKRAYNANIN DUZONLIKLORINDO
SUVARMA 9KINCILIK SISTEMININ OPTIMAL EDILMOSi UCUN ELMI OSASLAR

Raisa Anatolyevna Vozjegova
Ukrayna Milli Agrar Elmlar Akademiyasinin Suvarilan Okingilik Institutu, Xerson, Ukrayna

Xilasa

Ukraynada bitkigilik vo kond tosorriifatinin asas vozifasi tobii vo aqrotexniki resurslardan
intensiv istifadoys osaslanan davamli kond toSorriifati ii¢iin lazimi soraitin yaradilmasi, torpagin
miinbitliyinin qorunub saxlanilmasi vo artirilmast olmusdur vo belo do qalir. Bu vazifonin hoyata
kecirilmasinds torpaglardan samarali istifadoni tosviq edon vo otraf miihitin ekoloji tarazligmni tomin
edon Usullar mihim ohomiyyat kosb edir. Iglim doyisikliyi kond tosorriifati mohsuldarligina, o
climlodon yagintilarin, havanin temperaturunun oshomiyyatli dorocods doyismoasine Vo quragligin
dagidict tasirlorina ohamiyyatli tosir gostorir. Notico etibari ilo belo soraitdo kond tosorriifati elmi
suvarilan torpaqlarda global va regional miqyasda iglim doyisikliyinin manfi tosirlorino uygunlasdirila
bilon kond tosarriifat1 sistemlorini igloyib hazirlamali vo totbiq etmolidir. Milli EImlor Akademiyasinin
Suvarma Okingilik Institutunda hazirlanmis vo elmi asaslandirilmis, bioloji cohatdan optimal suvarma
rejimlorindan istifado payizliq bugdanin mohsuldarligini 3,4 dofa, qargidali donini 4,7 dofo; soyani - 3,5
dofs; yonca otunu - 2,5 dofo artirmaga imkan verir. Suvarma suyunun vo digor kond toSorriifati
ehtiyatlarinin standartlagdirilmast maksimum xalis monfoot oldo etmoys imkan verir vo suvarilan
torpaglarda antropogen yiikii azaldir.

Ukraynanin diizonlik zonasinda regional iqlim doyisikliklarini nazors alaraq, okingilik sisteminin
yeni aqroekoloji voziyyoto uygunlasdirilmas: istigamotlori vo todqigat programini genislondirmak
lazimdir ki, bura daxildir: yeni sortlarin vo hibridlorin yaradilmasi; quraqliq soraitina vo regional iglim
doyisikliyina optimal uygunlasma parametrlori olan mohsullar; okina yararli kond toSorriifati
torpaglarinin paymin azaldilmasi vo agromeliorasiya tadbirlorindan istifado etmokls arazinin artirilmast;
torpag omologolmo proseslorinin  daim &yronilmasi, torpagin miinbitliyinin gorunmasi va onun
deqradasiyasmin qarsisinin alinmasi iizra todbirlorin iglonib hazirlanmasi; suvarma sahasinds sabit
mohsuldarligin, kond tosorriifatinin vo kond yerlorinin somarsli inkisafinin tominati kimi suvarma
sistemlarinin barpasi va yeni suvarma sistemlorinin qurulmasi va suvarilan okingiliyin inkisafi.

Acar sozlor: kand tosarriifatt mohsuldarligi, diizonlik zonasi, iglim dayisikliyi, regional, suvarma

HAYYHBIE OCHOBBI OIITUMHU3AIUHN CUCTEMbI OPOIIEHHOI'O
CEJIBCKOT'O XO3SCTBA B CTEITHOM 30HE YKPAUHBI ITPH
PEI'MOHAJIBHOM M3MEHEHHWU KIINMATA

Pauca AnaroabeBHa Boxerosa
HNHctutyT opomaemoro 3emnenenus HannoHaneHON akaieMUn arpapHbIX HayK Y KpauHBbI,
XepcoH, YkpauHa

Pe3rome

OcHoBHOH 3afauell pacTEHUEBOJCTBA M CEIHCKOTO XO3SHUCTBA B YKpaumHe OBbLIO U OCTAeTCs
CO37JaHUEe HEOOXOJUMBIX YCIOBHM JJISI YCTOMYMBOTO BEICHHS CEIbCKOTO XO03SiCTBa, OCHOBAaHHOTO Ha
VHTEHCUBHOM HCIOJIb30BAHUH MPUPOIAHBIX U arpOHOMUUYECKUX PECYPCOB, COXPAHEHUHU W IOBBILIEHUU
MJ10/10pOIus TT0YB. [Ipy BBITOTHEHUM 3TOW 3a/1a4é BaXKHBI METO/IbI, CIIOCOOCTBYOMIHE dPHEKTHBHOMY
3eMJICMIONIb30BAHUI0 U 00ECIIeUHBAIOIINE JKOJOTHYECKHI OanmaHc OKpyxaroiied cpeabl. V3MeHeHue
KJINMaTa OKa3bIBACT 3HAUMTEJILHOE BIIMSHUE HA MPOJYKTHBHOCTH CEJIBCKOTO XO3SKCTBA, BKIIOYAS
3HAUUTENbHBIE KONEOAHWS KOJMYECTBA OCAJKOB, TEMIEPAaTypbl BO3AyXa U pa3pyIIUTEIbHBIE
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nociencTsust 3acyxu. CremoBaTenbHO, B TAaKUX YCIOBHMSX arpapHas Hayka JOJDKHa pa3paboTraTh U
BHE/IPUTH B NPOU3BOJACTBO CEJIbCKOXO3SAHCTBEHHBIE CUCTEMbl Ha OPOIIAEMBIX 3€MIISIX, KOTOpbIE ObUIN
Obl aJanTHPOBAHbl K HEONArOMPUSATHBIM TOCIEACTBUAM HW3MEHEHHs KJIMMaTa B TJ00aJbHOM U
peruoHanbHOM Macitabax. lcnonb3oBaHME Hay4HO OOOCHOBAHHBIX OMOJIOTMYECKH ONTHUMAIbHBIX
PSKMMOB TIOJNMBA, pa3paboraHHBIX B WHcTHTYyTEe oOpomaemoro 3emiuenenuss HAAH, mno3Bonser
MOBBICUTH YPOXKaHOCTh O3UMOM MMIIIEHUIIBI B 3.4 pa3a, 3epHO KyKypy3hsl - B 4.7 pa3a; coeBbie OOOBI - B
3,5 pa3a; ceHo mouepHsl - B 2,5 pa3za. Cra"papTu3anus IOJMBHOM BOABI U JAPYTUX
CEJIbCKOXO035HCTBEHHBIX PECYPCOB MO3BOJISIET MOMYYUTh MAKCHUMAIbHYI YHCTYIO IPUOBLIb M CHU3HUTH
AHTPOIIOTEHHYIO HAarpy3Ky Ha OpOLIaeMbl€ IIOYBBI.

VYuuTeiBasg peruoHaibHble HM3MEHeHUs kiaumara B CrenHoOH 30He VYKpauHbI, HEOOXOIUMO
pacIIMpUTh HANpPaBJIEHUS, IPOrpaMMy MCCIEAOBAHUN 110 aJaNnTalldy CUCTEMBI 3eMJIECAENNs K HOBOMU
arpo’KOJIOTUYECKOI CUTyalluH, KOTOpasl BKIIOYAET: CO3[JaHHE HOBBIX COPTOB M T'MOPUAOB. KYJIBTYp C
ONTUMAJIBHBIMU MapaMEeTpaMu aJanTallMi K 3acCyLUIMBBIM YCIOBUSM M PETMOHAIBHOMY H3MEHEHMIO
KJIMMaTa; COKpAlllCHWE JOJM IAllHU CEJIbCKOXO3SMCTBEHHBIX 3€MEIb U YBEIMYCHHE IUIOMIANEH C
OPUMEHEHUEM  arpoOMEJIMOPAaTUBHBIX  MEPOIpPHUATHM;  MOCTOSIHHOE  HM3YyYE€HHE  IPOLECCOB
OYBOOOpa30BaHUsA, pPa3pabOTKa MEpPONPUATHA 1O  COXPAaHEHMIO IUIOJOPOAUS MHOYBBl U
IPEOTBPALICHUIO €€ JIerpaallii; BOCCTAHOBJIEHUE U CTPOUTEILCTBO HOBBIX UPPUTALIMOHHBIX CUCTEM U
pa3sBUTHE OPOIIAEMOI0 3eMJIE/IEIMs KaK 3ajor CTaOWIbHON ypoxalHOCTH, 3((EKTUBHOIO pa3BUTHS
arpapHoOro CEKTOpa U CEIbCKUX TEPPUTOPHUH B chepe OpOoIIeHHS.
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