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CLIMATE CHANGE AND PRIORITY RESEARCH AREAS
IN AGRICULTURE

Abstract. The effect of global climate warming on agriculture, as the most threatened sector of the economy, in
the form of reduced crop yields and more frequent manifestations of extreme weather events, is one of the urgent
problems that need to be paid close attention. Adaptation of agriculture to climate change is becoming one of the key
priorities that need to be developed through the creation of new models of farming systems that would combine the
effectiveness of traditional and alternative farming systems while being environmentally friendly and cost-effective.
This article considers research issues in agriculture, including the creation of stress-resistant varieties, soil and water and
resource-saving technologies, adapted to climate changes, adaptive-landscape, accurate and biological farming systems.

Key words: climate change; adaptation; agro landscape, accurate and biological farming system; technology;
potential varieties; productivity.

Introduction Global climate change and its impact on the environment is one of the main problems
of the 21st century. It is manifested by an increase in the level of the World Ocean, the melting of glaciers
and polar ice sheets (especially in the Arctic), a decrease in the surface area covered by snow and ice, a
decrease in the amount of rainfall in the regions, an expansion of arid zones, more frequent tropical
cyclones, etc. Changes in precipitation, rising temperatures and other manifestations of global climate
change will inevitably lead to more extreme and harsh weather conditions.

Since the beginning of the industrial revolution, atmospheric CO2 reserves have increased by a third,
there has not been such a growth rate in the previous 20 thousand years, at least the current level of green-
house gas concentrations in the atmosphere exceeds the natural level observed over the past 650 thousand
years [3]. The main reason for this is the large-scale human use of hydrocarbons as energy sources.

The increase in carbon dioxide emissions (the main component of greenhouse gases) became
noticeable with the beginning of the industrial revolution in Europe, marked by the transition to the
widespread use of coal, and then, from the late 19th to the early 20th centuries more and more inclusion in
the energy balance of the global economy of oil and natural gas. Since the middle of the 19th century the
increase in CO2 emissions is strictly correlated with the growth of GDP per capita [4]. Thus, in recent
years, the accumulated scientific potential of knowledge has revealed that with a probability of at least
90% climate change is caused by anthropogenic emissions of greenhouse gases.

Agriculture is a major part of the climate problem as one of the participants in global change. It is one
of the main sectors of the economy affected by climate change with local, regional and global implica-
tions. Currently, it generates 19-29% of total greenhouse gas emissions [5, 6]. Anthropogenic factors have
played, are taking place and are playing an equally important role, especially in the degradation of soil and
other agricultural lands, as well as the whole biodiversity - vegetation, wildlife, and microorganisms.
According to FAO estimates, 50 million hectares of arable land have already been lost due to irrational
land use in the world. Currently, 24% or 1.5 billion hectares of the soils in the world are in a state of
degradation [7]. And the reason for this process is the unreasonable use of agricultural land and various
natural processes. Land degradation and the onset of deserts, up to 5% of agricultural production in the
world are lost annually due to droughts, [8]. According to the UN, specialized commission responsible for
this problem, the social consequences of land degradation are even more impressive, if we recall that the
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number of chronically starving reaches 870 million people. The lives of approximately 250 million people
are endangered and the living conditions of 1 billion people are getting worse [9, 10].

Climatic conditions of research zones. The impact of climate change on agricultural production
conditions is considered on the example of Kazakhstan and Serbia.

The climate features of Kazakhstan that characterize its continental nature include a large amplitude
between winter and summer temperatures, air dryness, little rainfall in most of the country, long harsh
winters and short summers in the north, short winters and long hot summers in the south. The geographic
location of Kazakhstan in latitudinal terms corresponds to the Mediterranean countries with a humid
subtropical climate, and the countries of central Europe, characterized by a temperate continental climate.
Since Kazakhstan is located in the center of the vast continent of Eurasia, at a considerable distance (thou-
sands of kilometers) from the oceans and seas, their mitigating effect on the climate is insignificant [11].

The climate of Serbia is characterized by continentality in the north with hot in summer (average July
temperature 23-25 ° C, maximum 50 ° C) and lingering cold in winter (average January temperature —
1-2 °C, minimum - 25 ° C), moderate continentality in the south and mountain climate in the mountains.
Winters in Serbia are short, cold and snowy, summers are warm. The coldest month is January, the
warmest is July. The average temperature is 10.9 © C. Summer does not become so hot with an increase in
absolute altitude, winters are more severe with a significant increase in rainfall. The average annual
rainfall is 896 mm. Rains most often fall in June and May [12].

Discussions and solutions. The negative effects of climate change are felt in the form of reduced
yields and more frequent manifestations of extreme weather events. One of the most important factors in
the stability of yield is a sufficient supply of moisture in the soil and the amount of rainfall in the spring,
which was defined as a critical period for the moisture demand of wheat. It was found that as a result of
higher air temperatures and the sum of effective temperatures, fewer days are expected for flowering and
ripening periods after analyzing the results of the number of days required from sowing to flowering and
from sowing to ripening.

Yields in northern Serbia are limited by cool temperatures, while yields in southern Serbia are limited
by high temperatures and low rainfall [13]. It was established that under the expected climatic conditions
of 2030 and 2050 at a CO2 concentration of 330 ppm, winter wheat grain yield remains unchanged in
most regions except southern Serbia, where the yield will decrease to 12% in 2030 and to 11% in 2050.
Forecast of the results of the corn grain yield for 2030 and 2050 at a CO2 concentration of 330 ppm shows
a significant decrease in yield both in dry conditions and on irrigated lands for all production regions of
Serbia. This will be due to higher summer temperatures (June - August) and increased physiological stress
in plants due to an increase in the number of summer and tropical days, a significant decrease in
precipitation and an increase in the number of dry days during the same period. We can expect a reduction
in the growing season due to higher air temperatures and the sum of temperatures analyzing the duration
of the growing season for both regimes of growing corn, [14].

The agricultural sector in Kazakhstan is very vulnerable to drought, as it directly depends on the
presence of moisture. Although each culture has a different resistance to lack of moisture. Droughts can
cause crop failure if weather conditions are unfavorable at the most sensitive growth stage. Most of all
from soil and atmospheric drought, the probability of occurrence of which reaches up to 25-68%, crops in
the desert zone suffer, where a possible decrease in yield can reach 50-100%. Accordingly, these
indicators in the dry steppe zone reach 25-53% and 30-80%, in the steppe 20-47% and 20-60% and in the
forest-steppe 15-22% and 10-50% [15].

The main condition for overcoming the current situation many scientists consider the transition to the
development and implementation of adaptive landscape farming systems (ALFS) in agricultural
production [16.17]. When designing ALFS, the stability of agro landscapes is associated with the
biological requirements of plants and must have a specific agro ecological address [18]. Studies have
found that on the slopes of the southern and western expositions of the highlands of southeastern
Kazakhstan, plane-cutting basic cultivation of light chestnut soils is more adaptive, providing a reduction
in their erosion by 3-4 t/ha and an increase in the content of humus and nutrients by 2.0-3.5 c¢/ha compared
to ploughing. A comparative assessment adaptation of winter wheat varieties to the elementary ranges of
agro landscapes in the conditions of erosive agro landscapes of the highlands in southeastern Kazakhstan
showed that on mountain chernozem (mould humus) and dark chestnut soils. The used variety Bogarnaya
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56 provides an average yield of 19.0 kg/ha, while varieties Vitreous 24 and NAZ show yields in the range
of 21.1-23.0 kg/ha or 2.1-4.0 kg/ha more, which indicates their higher adaptability [12.13].

These data indicate a high level of ALFS to improve soil ecology, increase crop yields without any
means of intensification, that is, due to adaptation, which are a serious reason and the need for more
research to develop ALFS in various natural zones of Kazakhstan.

In turn, ALFS is provided with soil-landscape mapping and geographic information system (GIS),
agro ecological land assessment using modern informatization tools and remote sensing methods,
including a set of various electronic maps [21].

In Serbia large agricultural systems rely on geographic information systems in agriculture in two
segments: through the concept of “precision farming” and as part of a decision support system for moni-
toring and managing the agricultural system. Precision farming allows, in real time, agricultural producers
to manage technological processes associated with the cultivation of agricultural land, pre-sowing, sowing
and harvesting, as well as to plan future work on the basis of timely information received [22]. The system
of precision farming involves designing ALFS and agricultural technologies based on electronic GIS, the
allocation of production sites with a uniform soil cover and optimal conditions for moisture, heat supply
and soil fertility, precision pre-sowing tillage, precise sowing, differentiated application of fertilizers and
other agrochemical products. In accordance with the microstructure of the soil cover and the state of crops,
regulation of the production process of special plant varieties according to micro periods of organogenesis
using self-tuning automated tools based on electronic control systems.

The spectral reflectivity of green vegetation is a characteristic feature of its elements and must be
used for remote diagnostics of the supply of plants with nutrients in the practice of precision farming. The
chlorophyll content in plants during the diagnosis of plant mass in the bushing out phase (the responsible
phase of planting and crop formation) is necessary for calculating the doses of nitrogen fertilizers during
feeding, and the obtained data are used to compile programs for calculating differentiated doses of mineral
fertilizers in the precision farming system [23].

Thus, the possibility of maneuvering the sown area structure make it possible to flexibly respond to
the level of moisture supply, change the structure of arable land use quickly and use bioclimatic more fully
potential in precision farming. It is also possible in accordance with the prevailing weather conditions, as
well as, making adjustments to the soil cultivation system; the use of fertilizers; plant protection products
and others.

In future water availability will become a serious limiting factor in the development of the economy
of Kazakhstan. This is caused by an increasing shortage of water resources associated with their interstate
distribution, tight limits on water use, and changes in river flow regimes in the regional water management
system, deterioration in the quality of water resources, and salinization of soil.

According to forecasts, the FAO global demand for water resources under the scenario of usual
development will increase by 2 times by 2030. A particularly acute situation with water supply is forecast-
ted in the countries of Central Asia [24].

An effective way of rational use of irrigation water is to drip irrigation of crops, where water throughout
the entire growing season is supplied in small portions evenly to the roots of plants and irrigation moisture
flows only to plants, and is not consumed between aisles. High efficiency of drip irrigation in Kazakhstan
was shown when cultivating the most water-consuming field crops, such as rice and sugar beets [25]. A
fundamentally new environmental technology has been developed for rice cultivation based on drip
irrigation under a mulching film. The improvement of the crop sector should be achieved under the
circumstances, first of all, through the use of water, soil, energy and resource saving technologies. The
technology of soil-resource-saving agriculture is represented by minimal and zero tillage. Zero tillage is
currently practiced from the Arctic Circle to approximately 50 ° south latitude, from sea level to a height
of 3000 m, from extremely rainy areas from 2500 mm to extremely dry conditions from 250 mm [26].
Their application allows you to save and even improve soil fertility, significantly reduce production costs,
especially in the consumption of fuel and lubricants and significantly increase the efficiency of agriculture
as a whole. The issue of increasing potential soil fertility with this technology is solved by creating a
biologically active mulching layer through the use of crop residues cultivated in crop rotation.

The experience of world agriculture shows that direct sowing of agricultural crops radically changes
the living conditions of plants. Soil temperature is usually lower and humidity higher with zero tillage [27].
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Ensuring environmental safety and economic efficiency of modern farming systems is also associated
with the biologization of agriculture, which includes the concept of maximum use of biological factors in
the farming system and a decrease in the anthropogenic load on the soil. It is due to the composition and
alternation of crops in crop rotation on the principles of fertilization, as well as the use of green manure
and non-market part of the crop for fertilizer, the use of organic fertilizers and the maximum use of
symbiotic nitrogen fixation. It is widely known, for example, the role of plants in increasing soil bio-
productivity based on the natural mechanism of its self-healing. Therefore, leguminous plants (white
melilot, alfalfa, fluffy vetch, etc.) produce from 2.3 to 10 t/ha of dry matter and fix from 76 to 367 kg/ha
of nitrogen [28, 29]. The crop residues of wheat bind mineral nitrogen, thus stimulating the fixation of
atmospheric nitrogen by legumes in the next rotation.

Thus, compliance with effective agricultural practices (crop rotation, biologization, etc.) ensures the
formation of humic substances in an amount no less than its annual mineralization. So, the biologized crop
rotation fields for more than 25 years had a deficit-free humus balance, despite the fact that these crop
rotations went through several rotations (eight-field - 3 rotations; five and six-field - 4-5 rotations, and
three-field crop rotation - 8 rotations) in southeastern Kazakhstan. [30].

It is known, that ensuring sustainable growth in the size and quality of the crop yield is primarily
associated with an increase in the environmental sustainability of cultivated species themselves through
selection and agricultural technology; selection of crops and mutual insurers; their adaptive macro-, meso-
and micro-zoning increase in species and varietal diversity of agro ecosystems. The emphasis should be
placed not only on increasing productivity, but also on the development of stress tolerance of varieties
(drought tolerance; frost and winter hardiness; salt and sun resistance).

In Kazakhstan, scientific breeders for 2005-2018 years created 196 varieties and hybrids of
agricultural crops, 73 of them are resistant to extreme conditions, namely heat, drought, winter and salt
tolerance. 84 of them are resistant to common fungal (stem rust, dusty and hard smut of crops, powdery
mildew, blistering smut of corn, rot, fusarium, ascochyta, anthracnose, etc.), bacterial (bacterial spotting,
bacterial necrosis or cancer, nectric or tuberculum necrosis), viral (jaundice) plant diseases [31].

Climate warming will also entail the spread of crop pests. The connection has been established
between temperature and the expansion of the spectrum of pests over the past 50 years. The variety of
phytophages continues to expand (there are 612 pests). New strains are evolving [32]. So, new races of
stem rust, such as Ug99, are widespread already in the bordering countries with the Republic of
Kazakhstan, the development of which can be intensified on crops of wheat and barley with the expected
drought; resistant pathogen - in the past, Phytophthora infestans caused potato hunger in Ireland, etc. In
this regard, it is necessary to know the features of climate change for scenarios with a significant increase
in average temperatures and precipitation. As well as integrated pest management based on the use of
agricultural techniques, crop rotation and optimization of mineral nutrition, widespread use of biological
products, scientifically based use of pesticides with differentiation when high-, medium- and poor
development of pests taking into account ESTh (Economic severity threshold), the use of modern
molecular genetic methods for the diagnosis of phytopathogens, etc.

Findings:

1. Global climate change is caused by more frequent manifestations of extreme weather events,
significant fluctuations in the hydrothermal conditions of the growing season, changes in the phases of
weed vegetation, susceptibility of pests and diseases to plant protection products and other consequences,
which ultimately lead to lower crop yields.

2. It is necessary to intensify research on the possibilities of adapting agriculture and crop production
to its change in the context of global climate change:

-use of a science-based farming system, including the optimal structure of sown areas (crop rotation),
tillage, wide diversification of crop production and innovative technologies for cultivating crops;

-provision of environmental safety and economic efficiency of modern farming systems, including
reducing energy costs and reducing the environmental burden on land resources;

- conducting targeted selection, primarily related to the creation of improved varieties and hybrids of
crops that are resistant to environmental stress factors, suitable for various ecosystems and farming methods;

- pilot model creation of a new system of agricultural science organization, integrated into the training
process, based on a combination of fundamental and applied science, transfer and adaptation of advanced
world achievements.
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KalTanaHybl HeTiziHae OaliKanaabl >koHE OyJl Kasipri yakplTTa epekilie Ha3ap aynapylsl KaKeT eTeTiH ©3€KTi
Maceresnep iy 0ipi 00JbIN caHaabl. AybUIIapyallbIIBIFBIHBIH HETi3T1 0achiM OarbITTaphl: eriHIIUIIKTI KIMMATThIH
e3repyine OeiiMzey, SKOJIIOTHAJIBIK TYPFBIJaH Kayilci3, 3KOHOMHMKAIBIK TYPFBIIAH THUIMJI, €riHIIUTIKTIH IoCTYpI
JKoHe Oanama KyHelepiHiH THIMIUTITIH KaMTUTBIH JKYHeIepaiH jkaHa MOACTbIEPiH Kypy OOJBII caHaIaIbI.

Byn makanazma aybeil mMapyalibUIBIFBIHOAFBI 3€pPTTEYIIEp, COHBIH IIIIHIE CTPECCKe TO3IMAI COPTTapAbl KYpY,
KIUMATTBIH ©3repyiHe OeiiMIenreH TOMBIpak-Cy XOHE pecypcTapAbl YHEMIEY TEXHOIOTHsUIaphl, Oeifimmenrimi-
naHmradT, eriHMUTIKTIH HAKTHI )KOHE OHMOJIOTHsIBIK KYHeaepl KapacThIPhLIA b

Tyiiin ce3aep: KIMMaTThIH e3repyi, OeifimMaeny, arpojaHAA(TTHIK, HAKTHI JKOHE OHOJIOTHSIIBIK EriHIILTIK
XKYHecCi, TEXHOJIOTH, COPTTAPIBIH dJICyeTl, OHIMILTIK.

C.b. Kenen6aes', Hxypa Kapaqu, I'.JI. EcenéaeBa’

'Kasaxckuii HAMOHANBHEIN arpapHbli YHHBepcHTeT, AnMarsl, Kazaxcras;
*MHCTUTYT T0IeBOCTBA U oBomeBoacTBa, Hosu Cax, CepOust

N3MEHEHUSA KJIINMMATA
U IIPUOPUTETHBIE HATIPABJIEHUS UCCJIEJOBAHUIM B 3EMJIEIEJIUH

AnHoTtanus. [lociencrsue ro0anbHOT0 MOTEIUICHHS KIIMMaTa Ha CENbCKOE XO3SMCTBO Kak Hambojee yrpo-
’KAEMOT0 CEKTOpa 3KOHOMHKHU B BHJE CHIDKEHHUS! YPOIKAHHOCTU CEIILCKOXO3SIMCTBEHHBIX KYJIBTYP M OOjiee 4acThIX
NPOSIBJICHUI HKCTPEMANIbHBIX TOTOIHBIX SIBJICHWH — OJlHA W3 aKTyajbHBIX Ipo0iieM, Ha KOTOPYI0 HE0OXOIUMO
06paT1/m) le/ICTaJ'l]:HOG BHHUMAHUC. BOHpOCbI aganTaigunu CCJIbCKOIO XOSHﬁCTBa K UBMCHCHUAM KJIMMaTa CTAHOBSTCSA
OJIHUM U3 KJIFOUCBBIX PUOPUTETOB, KOTOPhIC HEOOXOAMMO Pa3BHBATh Ha OCHOBE CO3/JIaHUS HOBBIX MOJEJCH CHCTEM
3eMJIeNIeNns, KOTOpble OBl coueTanu B ceOe 3PPEKTHBHOCTh TPAJAUIUOHHBIX U aJbTEPHATUBHBIX CHUCTEM BEICHUS
CEJICKOTO XO3SICTBA ¥ MPH ATOM OBLIH OBI 3KOJOTHYCCKH O€30MAaCHBIMU M SKOHOMHYECKH BBITOTHBIMU.

B nanHOli cTraThe paccMaTpUBaIOTCS BONPOCHI MCCIENOBAHUI B CEJIbCKOM XO34HCTBE, B TOM YHWCIE CO3/IaHUS
CTPECCOYCTOMYMBHIX COPTOB, TIOYBEHHO-BOIHBIX H PECypcocOeperalomux TEeXHOJOTHH, alalTHPOBAHHBIX K H3Me-
HEHUSM KIIMMATa, aJanTHBHO-IaHAMA(PTHEIX, TOYHBIX U OMOIOTHYECKUX CUCTEM 3EMIICCIIHS.

KioueBble c10Ba: M3MEHEHHE KIMMAaTa, aJalTalys; arposiaHamadTHas, TOYHAsS ¥ OMOJIOTHYECKAs CHCTeMa
3eMJIEICIHS; TEXHOJIOT TS, MOTEHIINAJ COPTOB; YPOKAHHOCTb.
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