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The purpose. To systematize achievements of scientists-ameliorators of Ukraine, to analyze problems
and prospects of researches. Methods. Analysis, synthesis, generalization. Results. The basic
achievements of domestic scientists in branch of irrigation farming and amelioration in sphere of
counteraction to adverse natural factors (global climate fluctuations, drought, deficiency of atmospheric
rainfall), and also raise of productivity of crops and martempering quality of produce are brought. It is
proved that for maintenance of the maximum productivity of irrigation in large equipments of cattle-
breeding direction the greatest specific weight in crop rotations (40 — 45%) should have grain and forage
crops. In equipments which specialize on production of grain and industrial crops, during formation of crop
rotations it is necessary to give absolute preference (at the level of 50-60%) to cereal crops, including
winter wheat — 20 — 25%; corn — 20 — 25, and also to industrial crops, mainly soya bean — 20 — 25%. In
equipments of vegetable direction specific weight of vegetable crops and potato should be increased up to
50 — 60% due to limitation of areas under grain and forage crops. At use of drip irrigation specific weight of
vegetables and potato should be increased up to 80%. From the point of view of adaptation of systems of
farming agriculture on irrigated lands under conditions of global climate fluctuations researches on
optimization of regimes of irrigation, development of disposition of sown area and crop rotations, systems
of fertilizers, soil cultivations and protection of plants which are directed on intelligent use of natural-
climatic potential of steppe zone will be actual. Conclusions. Development of domestic scientists in
branch of irrigation farming have great value for raising productivity and competitiveness of agrarian
production of Ukraine and are directed on martempering economic efficiency and decrease of
anthropogenic load upon agroecosystems.
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According to research results of meteorological scientists conducted on different continents of the Earth, it
has been established that the climate of the planet is constantly changing under the influence of cosmic and
anthropogenic factors both in the direction of cooling and warming [1]. Together with these factors, the global
climatic conditions have a significant impact on human economic activity. Over the last 10 thousand years,
the spread of agriculture has caused a sharp decline in forest areas, which also led to climate change and
has a direct impact on agriculture, including on irrigation productivity [2].

It has been proved that climate change has occurred worldwide in recent years, which has a direct impact
on agricultural productivity, including on irrigated agriculture. Given that global climatic conditions are volatile
since the early 1980s, the differentiation of meteorological parameters began to manifest more significantly
both globally and at the level of individual local ecosystems. For example, over the past 25 years, the
average daily air temperature in Ukraine has increased by about 1.5 °C, indicating a significant increase in
the temperature regime and noticeable climatic changes. Especially such changes began to appear in the
winter, in January and February, as the average temperature in these months increased by 2.3-2.5 °C. It
should be noted that in July and August the temperature increase is 1.5-1.8 °C, which is also a rather high
indicator. During the transitional seasons, climate change is not so noticeable [3].

The simulation of climate change in the twenty-first century indicates that an increase in the emission of
greenhouse gases into the atmosphere will increase the likelihood of droughts with abnormally low
precipitation and an increase in surface temperature during the growing season. At the same time, in some
regions of the world, the number of days with intense precipitation will increase. Possible growth of biological
plants productivity due to increased concentration of carbon dioxide in the atmosphere. With global warming



at 1°C, the zone of maximum productivity of vegetative cenoses in the northern hemisphere of the Earth will
move to the north by 200-300 km [4].

The World Meteorological Organization unveils the results of analytical studies of global climate change
assessments. Based on data provided by more than 10,000 experts from virtually all countries of the world,
mathematical models of climate change scenarios have been constructed [5]. According to rigid forecasts,
taking into account the warming rates that exist now, the average annual temperature in the northern
hemisphere may increase by 5 °C for 100 years (Fig. 1).

Taking into account the aforementioned trends and patterns, it can be argued that the climate in Ukraine
is approaching dry subtropics. Beginning in the summer of 2012, almost all hot-climatic zones are observed
in hot years with insufficient numbers or complete absence of atmospheric precipitation [6].

According to the National Central Geophysical Observatory, it has been established that over the past 20
years the temperature has continued to grow on the territory of Ukraine. For example, during this time the
average annual temperature in Kiev increased by 2 °C. The maximum warming occurs during the winter
period, due to which the average temperature per year increases significantly.

It should be noted that the role of irrigation in the face of growing trends in global warming on Earth will be
constantly rising [6-8]. In recent decades, under conditions of gradual warming of the climate, there is a
steady trend towards a significant increase in the number of years with drought.
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Fig. 1. The actual and predicted temperature regime on Earth for the period from 1850 to 2090
(according to the World Meteorological Organization [5])

Only for the period from 1960 to 2002 in the south of Ukraine was marked 21 years with drought, that
means, every second year was dry, and every third was hot-dry. Under such conditions, the effectiveness of
irrigation will constantly increase, so the development of irrigated land reclamation should be a priority area
of state agricultural policy, especially in the Southern Steppe of Ukraine.

As a priority task on this path, which the scientific team solves at the Institute of Irrigation Farming of the
NAAS, is minimizing the land reclamation load, based on the rational water use. In addition, water shortages
and an exacerbated environmental situation become new, most important criteria for modern irrigation



approaches [9, 10].

In the natural and climatic sense, the Southern Steppe of Ukraine is characterized by high maintenance
of thermal resources, on the background of which in recent years there are climate changes, which in the
majority are equated with the phenomena of global warming (Fig. 2).
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Fig. 2. Elements of water balance and coefficient of aridity depending on the availability of
precipitation (according to the agrometeorological station Kherson)

Thus, in recent decades, the average annual air temperature has risen by 1.9 °C, and in the summer
months by 3.6-3.9 °C, reaching a maximum daily average of 24.6 °C in July.

In addition, during the last 35 years there has been a decrease in the amount of rainfall and a violation of
their uniform coming during the growing season, which led to a decrease in the aridity coefficient to 1.43-
2.36 in dry and medium dry years.

In addition, the scenarios of temperature rise are based on actual climate change, they take into account
the increase in the concentration of greenhouse gases in the atmosphere. It is the greenhouse effect factor
that is considered to be a major factor in global warming [11-13]. The hardest scenarios suggest an increase
in carbon dioxide in the atmosphere in two or more times over this period. If you take the last 30 years,
winter has warmed significantly in Ukraine, January is warmer now, on average 2.5 °C, February — 2 °C,
December — remained unchanged [14].

It should be noted that there are a number of negative factors on global warming. Thus, warming can lead
to an increase in the harmfulness of thermal stress, a decrease in plant productivity due to low humidity of air
and drywall, an increase in the generation of pathogens of many diseases, and so on. [15]. As a result of
these factors, agriculture will have to adapt more than other industries. In the south of the country, it is
necessary to restore and expand artificial moisture, as Ukraine has enough water to provide irrigation. In the
northern and central regions of Ukraine, a set of crops and sow drought-tolerant crops that are characteristic
of the Southern Steppe or also arrange irrigation should be reconsidered.

It is projected that by 2030 the volume of emissions of major GHGs without additional efforts will increase
by 25-90% compared with 2000 [16]. Using the right strategy can slow down and stabilize the increase in the
amount of greenhouse gas emissions to the atmosphere. By this time, developed countries have announced
their targets for reducing emissions by 2020, but most of these values are far behind the designated IPCC
range, which set emission reductions in 2020 at 25-40% below the 1990 level. It is necessary to limit the



temperature increase to 2 C.

According to the prevailing models, it has been established that climate change is faster than anticipated.
Already by 2050, the average annual temperature of the Earth is expected to increase by 2 degrees Celsius
[15]. Since 1990, natural disasters (floods, droughts, storms, forest fires) began to occur almost twice as
often due to climate change. Also, there are negative trends in climate drought, which in different soil-climatic
zones cause lower crop yields. Such factors make it necessary to conduct research on the adaptation of
agricultural systems to climate change, in particular the wide introduction and improvement of innovative
technologies of artificial humidification.

The Institute of Irrigated Farming belongs to the leading research institutions of the National Academy of
Agrarian Sciences of Ukraine. Scientists of the Institute are working on solving scientific and practical
problems of agriculture on irrigated and non-irrigated lands. According to the results of the research,
intensive and biologized technologies of cultivating crops have been developed, measures have been
proposed to solve the urgent problems of increasing the productivity of agricultural production and
competitiveness in world markets. In close cooperation with scientists and specialists of the network of
research facilities of the Institute, domestic innovative developments aimed at water and resource
conservation, increase of economic, energy and ecological efficiency of agriculture of Ukraine were
introduced into production.

The result of the scientists of the Institute of Irrigated Farming of the National Academy of Agrarian
Sciences is the development and wide introduction into the production of new, adapted to the dry conditions
of the Southern Steppe region of Ukraine, agricultural systems, rational and environmentally safe nature
management, conservation of soil fertility and the environment; the development of new genetic and
biotechnological breeding methods through which more than 70 varieties and hybrids of wheat, corn, soya,
alfalfa, perennial grasses, tomatoes, cotton, which are competitive and adapted to the conditions of the
southern region and irrigation, have been created. Much of the varieties produced are national standards,
which by productivity are 15-30% higher than the analogues. The Institute and research facilities at the high
level organize the work on conducting primary and elite seed production with the further implementation by
seeds of high reproductions to agricultural producers from different regions of Ukraine and abroad.

The development of the Institute of Irrigated Farming is a scientific and technical basis for agriculture on
irrigated lands in the southern region. In the rotation crop rotations of widespread distribution in the region a
system of energy-saving soil cultivation has been developed, which provides savings of fuel and lubricants
(by 20%), with a decrease in the energy intensity of the process (by 40%). Also, the scientifically grounded
structure of crop areas on irrigated lands for agricultural enterprises of different specialization has been
proved (Table 1).

It has been proved that in order to ensure maximum irrigation productivity in large-scale farms with livestock
production, the largest share in crop rotation (40-45%) is necessary for grain and fodder crops.

In farms specializing in the production of grains and industrial crops, during the formation of crop rotation, an
absolute advantage (at the level of 50-60%) for grain crops, including winter wheat — 20-25 should be given;
corn — 20-25%, as well as technical crops, mainly soybeans — 20-25%. In the farms of the vegetable sector, the
share of vegetable crops and potatoes should be increased to 50-60% due to the restriction of areas under
cereals and fodder crops. For drip irrigation, the proportion of vegetables and potatoes should be increased to
80%.

Table 1. Scientifically grounded structure of sown areas on irrigated lands for agricultural
enterprises of different specialization,% (according to the Institute of Irrigated Farming, NAAS)

V le field f
Large-scale farms Facilities for the egetable field farms
s . . normal
Crops with livestock production of grain irriqati dri irriaati
P breeding and technical crops rmgation rp irmgation
Cereals —all 40-45 50-60 20-25 -
incl. winter wheat 18-20 20-25 20-25 -
corn 18-20 20-25 - -
Technical — all 5-10 30-35 - -




incl. soy 5-10 20-25 - -

rape - tob5 - -

sunflower - tobd - -
Vegetables and i i 50-60 80
potatoes — all

Fodder — all 40-45 10-20 20-25 20
incl. perennial grasses 20-22 10-15 18-20 -

The main technical and economic indicators of the Institute's scientific developments, taking into account
their patent purity, are characterized by a high level of competitiveness in the domestic and foreign agrarian
markets, since most of them are better than domestic analogues, and in some cases, such developments have
no analogues in Ukraine. The main developments of the Institute of Irrigated Farming include special software
and information systems for managing irrigation regimes and rationing of agro-resource costs; new ways of
creating a selection material of alfalfa and tomatoes; optimized seed production systems with the development
of the newest methods of reproduction of potato material, etc.

At the same time, there are a number of unresolved issues for the innovative development of melioration
in the Southern Steppe. In the near future, it is necessary to deepen research aimed at improving the
moisture content of agricultural crops through the use of resource-saving cultivation technologies.

Conclusions

Thus, irrigation in conditions of increasing the dryness of the climate is a decisive measure of
intensification of agricultural production in the Steppe zone of Ukraine. Over the past decade, global
environmental threats have been exacerbated on the Earth, including climate change, desertification, loss of
biodiversity, which destroys natural resources and endangers mankind's existence. In Ukraine, these threats
are no less dangerous, especially for climate change, which is manifested by severe drought in the south,
and floods in the western regions. In addition, the degradation of soils, which affects not only the yield and
quality of crop production, but also causes significant economic losses at the regional and state levels, is an
extremely urgent problem. The need for irrigation development is confirmed by the three UN Conventions on
Biodiversity Protection, the UN Convention to Combat Desertification, the UN Framework Convention on
Climate Change.

To overcome the negative impact of climate change, desertification and soil degradation, which have a
significant impact on the efficiency of the functioning of the agrarian sector of the economy, the scientific
institutions of the National Academy of Agrarian Sciences of Ukraine have developed highly effective
innovative technologies for the production of agricultural products on irrigated lands. At the same time, the
change of land relations in Ukraine requires an in-depth theoretical substantiation and production
introduction of an intensive agricultural system on irrigated lands in accordance with the specialization of
farms on the basis of adaptation to climate change, energy conservation, economic feasibility and
environmental safety.

The issue of optimization of irrigation interaction with the structure of crop areas, crop rotations, fertilizer
systems, soil cultivation, protection of plants from harmful organisms on the background of complex land
reclamation and mechanization of technological processes that promote more full use of the natural and
climatic potential of the region, ensuring the implementation of genetically determined productivity potential
of the new varieties and hybrids of agricultural crops should be at the center of attention of agrarian science
of Ukraine in the near future, special from the point of view of adapting agricultural systems to irrigated lands
in the context of global climate change.
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