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CLIMATE CHANGE AND ESCALATION
OF AGROECOSYSTEM’S ECOLOGICAL PROBLEMS

Abstract. In this article, in the "climate - agriculture" system, we have formed research tasks: - one of them is
related to the assessment of changes in climate parameters, - the second, the impact of changes in climate parameters
on the environmental situation of the agro ecosystem and development of ways to adapt the technology of oilseed
cultivation to changing climatic conditions in the South-East of Kazakhstan. Experimental results are given, on the
basis of 12-year research, the impact of changes in climate parameters on productivity is estimated for the first time,
and the aggravation of environmental problems of the agro ecosystem and the possibility of solving the problem of
adaptation to high climate changes in the South-East of Kazakhstan are revealed. The scientific basis for improving
the environmental situation of soybean and rapeseed agro phytocenosis is established, depending on the use of soil-
protective technologies for oilseeds cultivation, which mitigate the risk of drought in years with a high increase in air
temperature. The effectiveness of the use of soil protection methods of soil treatment with resource-saving
technology of cultivation of oilseeds in the agricultural ecosystem is revealed. The regularity of positive changes the
soil fertility of the arable soil layer as a result of the use of soil protection minimal technology (Mini-till) which
provides an increase in the quality of the soil resource and the restoration of agro physical factors of soil fertility.
Under crops of cultivated plants the ecological situation of plant growths and development of crops and significantly
increases the productivity of soy and rapeseed.

Key words: climate, natural resource, climate change, risk, agriculture, adaptation, technology.

Introduction At the present stage, due to the ongoing technogenic and anthropogenic changes taking
into account climate change, environmental science has acquired a purely applied character [1].
Agriculture is the main area from which anthropogenic impacts originate. Since it is the only sector of the
economy that carries the greatest burden on the environment, it requires determination of agricultural
sector’s development principles based on adaptation measures to climate change associated with direct
usage of land, plant and energy resources of agro ecosystem [2].

In accordance with established climatologists (Ivanova, Kiryushina, 2009 and Schwartz et al., 2001),
the most important climate-related events at the present stage is so-called global warming, which has been
especially pronounced since the late 80s of the XX century [3, 4]. This event had put forward the problem
of global changes in environment under the influence of climate change among ecology’s fundamental
problems along with the applied nature. Therefore, the risks of agro ecosystem for world agriculture stand
out as the most significant in the list of potential environmental problems associated with global warming [5].

However, it is difficult to estimate the extent to which individual countries will be affected. For this
reason, a study was undertaken (Cline, 2007) in order to obtain a more accurate long-term assessment of
the consequences. Based on current problem, it is necessary to determine the likely impact on the
efficiency of agricultural production development in a certain country and regions [6,7].

In the last decade of the XXI century, the problems of climate change on the planet are increasingly
being discussed (Gruza, Rankova 2003., Bautin 2011) since this factor significantly affects the formation
of agricultural crops [8,9].
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In a discussion at national communication of the Republic of Kazakhstan on the UN Framework
Convention on Climate Change, published in 2013, experts came to conclusion that over the past 70 years,
an increase in average annual and seasonal surface air temperatures has been observed throughout
Kazakhstan [10].

Thus, our summarized hypotheses of climate change are quite high, due to the large uncertainty of
natural changes in the specific conditions of the agro ecosystem of the South-East of Kazakhstan. Along
with the complexity, ambiguity and insufficiency of scientific developments in these conditions, it is
difficult to solve fundamental problems of theoretical and practical significance in the field of ecology
[11,12,13]. In this regard, the solution of agro ecological problems at the present stage due to the ongoing
anthropogenic and anthropogenic changes in the global climate change is a very urgent problem.
Therefore, there is a need to assess the possible consequences of climate change in the specific conditions
of the agro-industrial complex of the South-East of Kazakhstan and to develop measures to adapt the
technology of cultivated crops to changing climate conditions.

Therefore, to achieve the goal of our research in the "climate - agriculture” system, we have formed
research tasks: - one of them is related to the assessment of changes in climate parameters, - the second,
the impact of changes in climate parameters on the environmental situation of the agro ecosystem and
ways to adapt the technology of oilseed cultivation to changing climatic conditions in the South-East of
Kazakhstan.

This article presents experimental results based on 12-year research, the impact of changes in climate
parameters on productivity is estimated for the first time and the aggravation of environmental problems
of the agro ecosystem and the possibility of solving the problem of adaptation to high climate changes in
the South-East of Kazakhstan is revealed. The scientific basis for improving the environmental situation
of soybean and rapeseed agrophytocenosis is established, depending on the use of soil-protective
technologies for oilseeds cultivation, which mitigate the risk of drought in years with a high increase in air
temperature. The effectiveness of the use of soil protection methods of soil treatment with resource-saving
technology of cultivation of oilseeds in the agricultural ecosystem is revealed. The regularity of positive
changes the soil fertility of the arable soil layer as a result of the use of soil protection minimal technology
which provides an increase in the quality of the soil resource and the restoration of agrophysical factors of
soil fertility. Under crops of cultivated plants, the ecological situation of plant growth and development is
optimized and productivity is significantly increased.

Methods and objects of research. Experiments were carried out on the territory of educational and
experimental farm "AgroUniversity" of the Kazakh National Agrarian University, located on foothill plain
of the North ern slope of Ili Alatau. Soils distribution and formation of climate features in the region are
subject to the law of vertical zonality (Saparov, 2014.), which is most clearly expressed in the central part
of the Northern Tien Shan. Absolute marks of territory elevation 550-700 m above sea level. The research
area is characterized by a sharply continental climate, low air humidity, abundance of sunlight, short but
moderately cold winters [14]. The average annual precipitation is 540 mm. About 300 mm of precipitation
falls during the warm season. The average annual air temperature ranges from 7.7-8.1°C.

Field experiments were made on meadow-chestnut soils of heavy mechanical composition. Chemical
composition of meadow chestnut soil is characterized by a moderate humus content (Eleshev, 2014). The
following regularity should be noted in distribution of humus along the profile: its relatively high content
(4.40-4.45%) in the upper horizon sharply, decreases more than 2-times upon transition to the next sub-till
horizon [15]. The meadow-chestnut soil by its water-physical properties and the level of potential fertility
fully satisfies the conditions of cultivation of all types of crops, including oilseeds.

The objects of research were soy of Eureka variety and spring rape of Maily sort. The experimental
studies were made by generally accepted classical methods: experiment- test and observation, one-factor
and multifactor field experiments (Kiryushin et al, 2009; Ivanov, 2008 and All-Russian Research Institute
of Feed named after V.R. Williams, 2011). The main research method was field experiment, accompanied
by numerous observations, counts and laboratory analyzes. Field experiments were established using the
experimental methodology (Novikov, 2010), as well as the “Methodology for conducting field
agrotechnical experiments with oilseeds” (Lukomets, 2007).

Results of the research and discussions. To estimate the parameters of climate change, used data
were obtained on the basis of the implementation of 6 scientific grant projects for the Ministry of
Agriculture of the Republic of Kazakhstan and the Ministry of Education and Science of the Republic of
45
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Kazakhstan for 2006-2017 meteorological data of the Kazakh Meteorological Service and agricultural
statistics of the Almaty region.

Many forecasts highlight the negative effects of global change on agriculture. A significant change in
weather conditions for agricultural production in study areas is noted, which is associated not only with an
increase in temperature, but also with the fact that the climate is becoming drier.

We have studied climate change and its impact on agricultural goods productivity in conditions of
southeast Kazakhstan in the "climate - agriculture" system. Two aspects have been distinguished: “climate
as a natural resource” and “climate change as a risk for agricultural production”. The average annual air
temperature during the years of research exceeds the long-term average value and varies between 8.8 °C
and 11.7°C with an average long-term value of the year temperature of 7.7 °C. The results obtained show
distribution of air temperature by months in years of research and indicate climate warming (table 1).

Table 1 — Distribution of air temperature by months in years of research (2006-2017), t°C

R‘;ie;rr:h I )| m | v % VI VII | VII | IX | X | XI | XII | Annual
Average yearly air temperature, t’C
2006 64 | <17 | 75 | 133 | 174 | 224 | 240 | 246 | 17,7 | 134 | 55 | 67 | 112
2007 -3,7 0,4 35 | 144 | 174 | 229 | 246 | 234 | 196 | 83 | 52 | -59 | 108
2008 104 | -42 | 91 | 10, | 204 | 248 | 258 | 252 | 181 | 10,7 | 3.8 | 42 | 108
2009 -3,3 22 | 49 | 97 | 148 | 196 | 226 [212 | 154 | 102 | 12 | 28 | 9.3
2010 25 | 59 | 29 | 108 | 147 | 203 | 221 | 22 | 163 | 109 | 48 | 27 | 95
2011 9,8 37 | 03 | 129 | 163 | 213 | 227 [ 223|178 | 99 | 13 | -6, 8,8
2012 102 | -60 | 20 | 156 | 186 | 235 | 237 | 234 | 233 | 11,6 | 01 | -13,6 | 93
2013 96 | 88 | 38 | 123 | 169 | 21,3 | 249 | 230 | 199 | 134 | 37 | 35 | 98
2014 43 | -13,6 | 36 | 101 | 186 | 23,0 | 245 | 241 | 180 | 94 | 09 | 33 | 9.2
2015 25 | +1,1 | 45 | 135 | 188 | 226 | 273 | 255 | 198 | 105 | 12 | 48 | 114
2016 0,2 0,0 9,1 | 13,4 | 16,6 | 23,1 | 23,7 | 229 [ 203 | 96 | 1,1 | -44 | 103
2017 28 1.8 | 106 | 141 | 192 | 248 | 255 | 238 | 208 | 97 | 2,1 | -69 | 11,7
Ave.airt’C | -108 | -85 | 07 | 104 | 164 | 21,2 | 241 | 22,1 | 160 | 83 | 09 | -7.6 | 7.7

Thus, during the years of research, the anomaly of average annual temperature in south-east of
Kazakhstan reaches 3°C and 4°C. The average annual air temperature shows rapid climate warming in
scope of our research and it is noticeably greater than global climate change of the whole globe, where the
change in air temperature by many sources on average is 1°C.

The study site has shown that almost one third of annual precipitation falls in spring (April-May).
The number of days with precipitation in these months reaches 10-14. On dry days, the temperature rises
sharply. However, despite increased temperature background, due to frequent rains, the hydrothermal
coefficient in spring is quite high and amounts to 2.0-3.8, the value of which characterizes high seasonal
rainfall in the region. In parallel with a large amount of precipitation, the maximum air temperature
reaches up to 30 °C and 35 °C. The obtained results of climate change proves the general tendency of
sharp climate change and can be characterized as “warming with increasing aridity” in scope of our
research. To illustrate climate change, we proposed a four-dimensional gradation of climate change over
12 years of study, with increasing air temperature through 1°C, as in the whole world (table 2).

Table 2 — Climate changes by air temperature in conditions of southeast Kazakhstan (for 2006-2017)

# of Change of average daily air Research Amount of years with t °C
gradation temperature, drought years change
™ t°C rise by1°C Air temperature change exceded 1 °C during all research years
2nd T°C rise by 1,1-2,0°C 2009, 2010, 2011, 2012 and 2014 S years out of 12
31 T °C rise by 2,1-3,0°C 2013 and 2016 2 years out of12
4 T °C rise by 3,1-4,0°C 2006, 2007, 2008, 2015, 2017 5 years out of12
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According to the results of accepted gradation, the following was revealed: By the first gradation, the
change in average, daily air temperature in all years of research did not exceed 1 °C. There was not a
single year when temperature exceed the typical long-term average air temperature of the research area
(t = 7.7 °C), which proves the reliability of global climate change in conditions of our research in
southeast Kazakhstan.

The second gradation includes years 2009, 2010, 2011, 2012, 2014 of research with an increase in air
temperature from 1.1 °C to 2.0 °C. Climate change refers to the third gradation: 2 years out of 12 years -
these are 2013 and 2016 with an increase in the average daily air temperature from 2.1 °C to 3.0 °C. The
fourth gradation has climate change, which includes the largest anomalous number of years - 5 of 12 years
- these are 2006, 2007, 2008, 2015 and 2017 with an increase in the average daily air temperature from
3.1 °C to 4.0 °C. The obtained results of climate change justification prove general and rapid tendency of
climate change, where “warming with increasing aridity” was revealed, out of the 12 years examined, arid
were 8 - these are 2006, 2007, 2008, 2009, 2014, 2015, 2016 and 2017.

Thus, during the years of study in south-east of Kazakhstan, the change in average daily air
temperature was at risk and was characterized by an anomalous average annual temperature. In all years
of our 12-year survey, the air temperature was higher than the average long-term level of warming, of
which 4 years the temperature exceeded the norm from 1.5 and 1.8 °C and 8 years - from 2.1 °C to 4 °C,
which indicates an abnormal situation and have high risk of oilseed cultivation in the agricultural zone of
southeast Kazakhstan (table 3).

Table 3 — Climatic changes by parameters of air temperature during winter periods in years of research, t © C

Winter air temperature by months Average daily t'C changes in
Research years t°C during comparisson with
December January February winter period multiple-year data
2006 -6,7 -6,4 -1,7 -49 +4,1
2007 -6,7 -3,7 0,4 -7,9 +1,1
2008 -5,9 -10,4 -4,2 -6,7 +2,3
2009 -4,2 -3,3 -2,2 -3,6 +5,4
2010 -2,8 -2,5 -5,9 -3,7 +5,3
2011 -2,7 -9,8 -3,7 -5,4 +3,6
2012 -6,1 -10,2 -6,0 -7,4 +1,6
2013 -13,6 -9,6 -8,8 -10,7 Cold winter
2014 -3,5 -4,3 -13,6 7,1 +1,9
2015 -3,3 -2,5 +1,1 -1,6 + 7,4
2016 4,8 0,2 0,0 -1,7 +7,3
2017 -4,4 -2,8 1,8 -1,8 +6,2

While justify the “climate-agriculture system”, we have revealed that climate as a natural resource
(average annual air temperature) undergoes a sharp change in all years of research. Along with this, the
widespread occurrence of abnormally warm winters was established. During the years of research, a
pattern of changes in air temperature over the winter period was revealed. The consequences of climate
change are felt in our country more clearly based on the data of the average daily air temperature,
especially during the winter period. Since the beginning of the XXI century (2006), there has been a sharp
increase in the tOc of air in the winter months. For example, in the month of December, the average daily
air temperature in the years of the study increases from -7.6 °C (Wed. mn. years.data) to -2.7 °C, and in
some years the air temperature is characterized by a plus value, the average monthly temperature of the air
warms up to an average of + 4.8 °C. In the years of research (2006-2017), the average daily t°C of air for
the winter period increased to 7.4 °C and 1.6 °C with a typical-characteristic value of the average daily air
temperature, which is equal to = 9.0 °C.
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During the years of our research, the parameters of air temperatures in the winter period had changed,
in December for all years of study air temperatures decreased from -2.7 °C to -6.7 °C, in January air
temperature dropped from - 10.4 °C to +0.2 °C and in February air temperature dropped from - 8.8 °C to
+1.8 °C (with an average annual temperature of - 7.6 °C), except for one year 2013 (figure).

Increase in t°C by < 1°C
2013
2007, 2008, 2012, 2014
I 2006, 2011

2009, 2010, 2015, 2016, 2017 p. - - i
A Increase in t°C for 4.1°C - 7.0°C

/

Increase in t°C by 1.1°C-3.0 °C /

|

(\
\

Increase in t°C by 3.1°C-4.0°C
Climatic changes in parameters of air temperature during winter periods of research years, t°C

In January, an increase in winter air temperature caused a decrease in snow cover. For February,
6 out of 12 research years were characterized by an abnormally elevated temperature values, especially
years 2006 (-1.7 °C), 2007 (0.4 °C), 2015 (+ 1.1 °C), 2016 (0 °C), and 2017 (-1.8 °C). Based on the
results of our study, it was revealed that warming of winter season conditions accelerated, the average
daily temperature during winter months’ season increased from 1.1 ° C to 7.4 ° C and is characterized by
frequent thaws.

The frequency of abnormally warm winters in conditions of Almaty region increased to 50% in years
of research. The climate is also characterized by increased repeatability, abnormally summer drought
occurrence rose up to 67%. At the same time, risky climate change environment and the influence of
accelerated changes in climate parameters over 12 years is becoming very dangerous, associated with a
sharp decrease in crop yields. Thus, the current state of climate change may lead the southeast agricultural
region to face completely unforeseen and severe restrictions in form of increased aridity of territories,
which will lead to instability of agricultural sector of the Almaty region. The increase in probability of
low yields as a result of an increase in frequency of warming in winter and the recurence of drought
during warm period over the years of research can be dangerous.

Therefore, adaptation of oilseed cultivation technology to climate change is an important principle in
development of the agricultural sector in these new conditions. To make the agricultural sector of Almaty
region sustainable, we studied measures to combat drought: - methods of soil protection technologies,
such as minimizing the technogenic impact of soil cultivation system and their effect on productivity of
oilseeds.

While studying the influence of soil-protective technology methods for oilseeds cultivation, we found
that productivity is directly dependent on climate change. Oilseeds in less arid 2016, where air
temperature changes were within the range of t - for soybean sowing -1.40 °C and for sowing rapeseed
1.1 °C, with the traditional technology of soybean cultivation are respectively 25.8 c/ha and with rapeseed
16,3 c/ha.

Based on the obtained results, the effectiveness of soil-protective techniques for cultivation of soy
and rapeseed was determined depending on influence of emerging climatic conditions.

—— 48 ——
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The effectiveness of the use of soil protection methods of soil treatment with resource-saving
technology of oilseeds cultivation in the agricultural ecosystem was revealed. The regularity of positive
changes in the soil fertility of the arable soil layer as a result of the use of soil protection minimal
technology (Mini-till), which provides an increase in the quality of the soil resource and the restoration of
agrophysical factors of soil fertility [22].

Under crops of cultivated plants, the ecological situation of plant growth and development is
optimized and productivity is significantly increased (table 4).

Table 4 — Oilseed productivity depending on changes in air temperature,
t°C with soil-protective soil cultivation technology (in research years 2015-2017)

For soy cultivation For rape cultivation
Technology Research | Ao daily Air t°C change eld Ave. daily Air t°C change eld
years t°C over comparing to Yield, t°C over comparing to Yield,
. . c/ha . . 0 c/ha
vegetation | multiple year ’C vegetation | multiple year t'C
. 2015 22,8 +29 23,9 21,5 +2,7 14,7
Traditiona
technology 2016 21,3 +1,4 25,8 19,9 +1,1 16,3
— Tillage for depth 2017 22,8 +2,9 24,5 21,5 +2,7 14,1
of 20-22 cm
average 19,9 247 18,8 15,0
2015 22,8 +29 29,1 21,5 +27 21,3
Flat-cut 2016 21,3 +14 27,7 19.9 +1,1 20,6
16-18 cm
+ herbicide | 2017 22,8 +2,9 28,9 215 +2,7 19,7
Resource- average 19,9 28,6 18,8 20,5
saving 2015 22,8 +2,9 27,5 21,5 +2,7 19,7
Flat-cut 2016 21,3 +1,4 27,6 19,9 +1,1 18,9
12-14 cm
T impulse 2017 22,8 +2,9 28,2 21,5 +2,7 19,4
average 19,9 27,8 18,8 19,3

With soil-protective resource- saving technology of cultivation during research years, the yield of soy
and rapeseed was higher, 27.7 kg / ha and 20.6 kg / ha respectively. The same trend was revealed in drier
years of 2015 and 2017, with increase in air temperature - by 2.90 ° C and 2.70 ° C, which had a
depressing effect on crop productivity, with yields reduced for soybeans to 23.9-24.5 kg / ha, and for
rapeseed up to 14.1-14.7 kg / ha with traditional technology. After applying soil-protective soil cultivation
technology, soybean productivity rose from 23.9 ¢ / ha to 29.1 ¢ / ha and rapeseed - from 14.1 ¢ / ha to
21.3 ¢/ ha.

Thus, in case of soil-protective treatment of soybean and rapeseed oilseed cultivation technologies in
dry years (2015, 2017), the prevailing optimal conditions for growth and development of crop reduce
inhibitory effects of climate change and provide an increase for soybean yield up to 28.9-29.1 ¢ / ha (on
average by 23.8%) and for rapeseed to 19.1-21.3 kg / ha (on average by 34.5%) with a change in average
daily temperature of the vegetation period at sowing soy by 2.9 °C and by 2.7 ° C for sowing rapeseed.
The results obtained indicate the adaptation of cultivated conditions of studied crops to this global climate
change and agroecosystem’s environment of southeast Kazakhstan.

Conclusion. At the present stage, in south-east of Kazakhstan, as well as throughout the world, the
most problematic events related to climate are global warming, changes in climatic parameters,
aggravation of agroecosystems’ ecological situation, which mark these environmental problems as a risk
for agricultural production. It was established that the average annual air temperature exceeds the average-
summer value and varies between 8.80 °C and 11.7 °C with an average multi-year temperature of 7.70 °C.
In a 12-year study, changes in air temperature were higher than the global average long-term level of
warming, of which during 4 years the temperature exceeded norm values from 1.5 to 2.0 °C and during 8
years - from 2.1 °C to 4 °C, which indicates an abnormal situation and high risk for oilseeds cultivation in
agricultural zone of southeast Kazakhstan.
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The average annual air temperature in some years increases from 3.5 °C to 4 °C in comparison with
the average long-term air temperature. 8 years out of studied 12 years were the driest. The results obtained
substantiating climate change prove general and rapid tendency of climate change, where “warming with
increasing aridity” was revealed. It was revealed that warming of winter conditions accelerated, the
average daily air temperature in winter months increased from 1.1 °C to 7.4 °C and is characterized by
frequent thaws. The frequency of abnormally warm winters in Almaty region conditions increased to
50% and abnormally summer drought to 67%. Such a climate change and the impact of accelerated
changes in climate parameters just in 12 years of study poses unambiguous risk to environment.

In such new risky conditions, adaptation of studied crops’ cultivation technology to climate change is
an important and only principle for developing agricultural sector in south eastern Kazakhstan. The
effectiveness of soil-protective methods of oilseed cultivation technology was determined and the pattern
of a positive change in composition of soil's arable layer as a result of using soil-protective minimal
technology (Mini-till), which provides increase in soil quality indicators and restoration of soil fertility’s
agrophysical factors was revealed. Soil-protective methods of soil treatment optimize agro ecosystem’s
ecological situation, especially in dry years, where optimal conditions for growth, crop development are
created, depressing effects of climate change and soybean productivity are reduced to 28.9-29.1 kg / ha
(an average of 23.8%) and rapeseed up to 19.1-21.3 kg / ha (average 34.5%). The obtained results indicate
adaptation of studied crops’ cultivation conditions to climate change and to the environment of southeast
Kazakhstan's agro ecosystem.

H. 1. CyneﬁMeHOBa', J. B. Kam,ncon', M. (I>mmnona2, r. Opmnﬁacapona1

'Kasak y/ITTBIK arpapiisIk yHHBepcHTETi, AMaThl, Kasakcran;
*Anren Koinue ateiaarsl Pyce yuusepcuteri, Pyce, Bonrapus

KJIMMAT O3T'EPICI ’)KOHE ATPO3KOXKYMUEHIH YKOJOTUAJIBIK
MOCEJIEJIEPIHIH IIUEJIEHICYI

AHHOTanmsi. Makanaza 3epTTey MakcaTblHa KOJ JKETKi3y YIIIH 3epTTey[iH €Ki OarbIThl KapacThIPBUIIBI:
OipiHmIici, KIMMATTHIK IapaMeTpiepliH e3repy ocepiH Oaranayra OalNaHBICTBI, EKIHIIICI, arpo3KOXYHEHIH
9KOJIOTHSUIBIK MOCEJIeNIEPiHiH IIMeNeHICyl MEeH KIMMATTBIH e3repyiHe OeiiMmaeny MaceneciH HIenly MYMKIHAIri.
12 XKBUIOBIK 3€pTTEyHEeri KON JKETKI3TeH SKCIEPUMEHTTIK MATIMeTTepre OaiaHbICTHI anFamr per Ka3akcTaHHBIH
OHTYCTIK-IIBIFBIC JKaFIalBIHAA KIMMATTHIH ©3repy MapaMeTpiepiHiH eHiMre ocepi OaralaHBIN, arpO3IKOXKYHEHiH
SKOJIOTHSIIBIK MACeNeNIepiHiH mueeHicyiHe OaiIaHbICThI SK0KYHEeHIH KIMMAaTTHIH KapKBIHIIBI ©3repicine bediMaery
MOCEJIECIH HIeIly MYMKIHAIr aHBIKTAJIJIbL.

AyBUIIIapyallbUIBIFBIH - KJIMMATTBIK e3repicrepre Oelimzey »oHe arpapiblK OHAIPICTIH TYPAaKTHUIBIFBIH
apTTBIpy OapbIChIHAA TOIBIPAK KOPFay TEXHOJOTHSIIAPHI, TONBIPAKKA TEXHOTEHIl ocepii as3alTy MKoHe pecypc
YHEMJIEYIIII TEXHOJIOTHS TACUIEPIHIH Maiiibl IaKblJI OHIMALIIrIHE acepi, KYPFaKIIbUIBIKKA KapChl KYpec jKOHIHAer
miapanap 3epTTeNi. AJIBIHFAH HOTIKENIEp HETi3iHAe 3epTTey IKbUIAApPBIHIA KAJIBINTACKAH KIMMATTHIK
JKarIaiaap/ablH ocepiHe OaiylaHBICThI MaiOypIIaK IeH parc JaKbUIbIH ©Cipy TEXHOJOTHSICHIHBIH, TONBIPAK KOpFay
TOCUTICPIHIH OHTAMIBI THUIMALUTIT] aHBIKTAJIIBL.

Aya Temmeparypachl >KOFapbl OOJIFaH KbULIAPBl KYPFAKWIBUIBIK KayMiH JKCHULACTETIH Malibl AaKbUIIap.Ibl
ecipy/iiH TONbIpaK KOpFay TEXHOJOTHSCHIH KOJJaHyFa OaiaHbICThl MaiOypIlaK IeH parc arpouToneHO3apbIHbIH
SKOJIOTHSUTBIK JKaFJaibIH KaKCapTyIblH FBUIBIMEH Heriznmepi Oenrimenmi. Kommart esrepici Typaisl MomiMeTTep
HETI31H[e KIMMaT ©3TepiCiHiH JKalIbl )KOHE KYPT YPHici aHBIKTANBII, dcipece, JKa3Fbl Ke3CHAE «KOFaphl JAopeikKei
JKBUIBIHYJAa KYPFAaKIIBUTBIK apTa TYCETiHAIr» Oaiikamasl. KpICKBI Me3rinme KIMMATTHIK KBUIBUTBIKTBIH YICH TYCyi
afKbIHIAIIBIN, KBICKBI alJIap/blH OpTallla TOYJIKTIK aya temreparypacsl 1,1 °C-nan 7,4 °C-ra neiiin KeTepuin, xui
KBUIBIHATBIH KE3EHIEp CHUMATTaiAbl. AJIMAThl OONBICH JKarJaWblHAA KbHICTBHIK KE3€HIAEC aHOMAJABl JKBUIBIHY
e3repicTepiniy KadTaimanybl S50%-ra feiliH jkOHE >Ka3Fbl Ke3CeHJIE aHOMANbl KYPFAaKUIbUIBIK 67%-Fa neifin
apTaThIHABIFBI TAJIENACH/I. AybUIIapyallblIbIFbl 9KOKYHECIHAE MaIIbl JaKbUIAAP.Ibl OCIPYAIH Pecypc YHEMICHTIH
TEXHOJIOTUSICHI apKbUIbI TOIMBIPAK KOPFay TOCUIIH KOJJAHYIbIH THIMALIIr aHbIKTanasl. TombipakTsl Kopray (Mini-
till) TexHONMOTHACHIH Naliaagany HOTHXKECIH/IE TONBIPAK KYHAPIIBIFbl PECYPCTaphl MEH TOIBIPAKTHIH arpoQH3HKaIbIK
(akropnapbl KallblHA KENTIpyAi KaMTaMachl3 €Ty JKargailbl HETi3ZeNil, TOMBIPAKTBIH JKBIPTHUIFAH KaOaThIHBIH
KYHapJIbIFBIHBIH ~OHTAWbl ©3repy 3aHJbUIBIKTApbl aHBIKTANIABL. by 3aHIbUIbIKKA OaiylaHBICTBI — ericreri
JaKbUIIapAbIH ©cyi MEH IaMyBIHBIH JKOJIOTHSUIBIK JKaFlaibl OHTailaHbll, MaiOypliak IeH pamnc JaKbUIBIHBIH
OHIMIUTIT] apTajbl.

Tyiiin ce3mep: KiImMar, TaOWFH pecypcTap, KIUMATTBIH e3repyi, Kayill, aybUIapyanibUIbIFel, OeHimaenry,
TEXHOJIOTHSL.
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MN3MEHEHHWE KJIMMATA 1 OBOCTPEHUE
IKOJIOTNYECKHUX MPOBJEM ATPO3KOCHUCTEMBI

AHHOTanmsl. B nanHo# ctaThe Al JOCTHKEHUS LIS UCCIIeI0BaHi C(OPMUPOBAHO /IBa HAIIPABJICHHS UCCIIe-
JIOBAHMS: - OJTHO CBSI3aHO C OIIEHKOM BIIMSIHUSI U3MEHEHNH KIMMAaTHYECKUX MapaMeTpoB; - BTOPOe — ¢ 000CTpeHneM
9KOJIOTUYECKUX MPOOJIEM arpodKOCHCTEMBI W BO3MOXKHOCTBIO PEIIEHUS NPOOJIEMBI aJlanTaldd K H3MEHEHUSIM
kiumara. JlaHbl 9KkcnepumeHmanvhble pe3yibmamol, Ha OCHoge I2-nemuux ucciedosanuil, BICPBHIC JaHA OIICHKA
BIIMSIHUSL U3MEHEHHH KIMMAaTHYECKUX IapaMeTpoB Ha IMPOLYKTHBHOCTb, BBISBICHO OOOCTPEHHE JKOJOTHUECKUX
npobieM arpodKOCHUCTEMBI U BOSMOXKHOCTB PELICHHs MPOOJIEMBl aJalTalid K BBICOKUM HM3MEHEHWSIM KIMMara B
YCIIOBHSIX I0ro-Boctoka Kazaxcrana.

Jns ajanTanyy  CeNbCKOTO XO3fHCTBA K KIMMATHYECKUM M3MEHEHHSAM M MOBBILIEHUIO YCTOWYHMBOCTH
arpapHOrO IIPOM3BOJCTBA CpEeI IIEeIeCOO0pPa3HBIX MEpOIPHUATHH H3ydeHBl Mepsl 0 Ooppde ¢ 3acyxoil:
- MOYBO3ALIUTHBIE TEXHOJOTHH, - MHHHMH3ALMsi TEXHOT'€HHOIO BO3JCHCTBHMA Ha IOYBHI W BIMSHUE NPHEMOB
pecypcocOeperarolieil TeXHOJIOTUH Ha MPOJIYyKTUBHOCTh MacAHYHbIX KyJIbTyp. Ha OCHOBE NOJIyueHHBIX pe3yJIbTaToB
OIpeac/ICHa MOJIOKUTEIIbHAA 3(1)(1)CKTI/IBHOCT]) TMOYBO3aIUTHBIX IPUEMOB TCXHOJIOTMU BO3ACIIBIBAHUA COU U parica B
3aBUCHMOCTH OT BIIMSIHUS CKJIIBIBAIOIINXCSI KIMMATHIECKUX YCIIOBHH B TO/IbI UCCIIEIOBAHMSI.

Yemanoenenvr nayumnvie ocnogul yiyuwienus 3Koa02uveckol. 06CMAanoBKU azpodumoyenosa cou u panca 8
3a6UCUMOCIU  OM  NPUMEHEHUS. NOYE03AUWUMHBIX MEXHOL02U BO30€NbIBAHUS MACTUYHBIX KYIbMYp, KOMOpbie
CMASHAIOM PUCK 3ACYXU 8 200bl C BbICOKUM NOBblUieHUEM memnepamypubl 6030yxa. OOOCHOBaHHE M3MEHEHHUS KITH-
Mara JOKa3bIBaeT OOLIYI0 M PE3KYI0 TCHACHLMIO M3MEHEHUs KIMMara, IZie BBUIBICHO «IOTEIUICHUE C yCHUICHHEM
3aCyIUTMBOCTH» B JISTHHH NEepHoX. BBIABICHO, YTO MOTEIUICHUE 3UMHHX YCIOBHIH YCKOPHIIOCH, CPEIHECYTOYHAs
TEMIIEpaTypa BO3/yXa 3UMHUX MeECALEB MoBbicuaach or 1,1 1o 7,4°C u XapakTepu3yeTcsl YyacThIMHM OTTEIENAMU.
Yygactunace MOBTOPSIEMOCTh aHOMAJIBHO TEIUIBIX 3UM B YCJIOBHAX AJMaTHHCKOH obmactu 1o 50% u aHOMabHO
neTHeil 3acyxu 10 67%. Buisenena a¢pghexmusnocms npuUMEHEHHS TOYBO3ALIUTHBIX METOJOB 00pabOTKH MOYBHI IIPH
pecypcocOeperaroieil TEXHOJIOTHH BO3JENBIBAHUS MACIMYHBIX KYJIBTYP B CEJIbCKOXO3SHICTBEHHOW 3KOCHCTEME.
VYcraHoBiieHa 3aKOHOMEPHOCTb TOJIOKHUTEIbHBIX U3MEHEHUN IIoaopoaus IMOYBbl MAaXOTHOTO CJIOA TIIOYBBLI B
pe3yJbTare UCIOJIb30BaHKs MTOYBO3AIINTHON MUHUMAIILHOH TexHosoruu (Mini-till), oGecrieunBaromieli MoBbIIeHNE
IUTOJIOPOANST TIOYBEHHOT'O pecypca M BOCCTAHOBJIEHHE arpopusnueckux ¢axkropoB mouBbl. llox moceBs!
KyJIbTHBUPYEMBIX PACTEHUI ONTUMM3HPYETCSl SKOJIOTMYEecKass OOCTaHOBKa pOCTa W pa3BUTUS KYJIbTYp H
3HAYUTEJIBHO MOBBIIIAETCS TIPOAYKTHBHOCTH COU U parca.

KaroueBsble cioBa: KIMMaT, IPUPOIHBIA pecypc, H3MEHEHHE KIIMMara, PUCK, CEebCKOe X03SHCTBO, aanTalys,
TEXHOJIOTHSL.
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