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of peas for all terms and seeding rates, the variant with the joint introduction of ammophos and
ammonium sulfate differed the most.
Key words: soil, peas, nitrate nitrogen, mobile phosphorus, mineral fertilizers, yield.

IRSTI 68.05.01, 68.31.21, 87.21.91 DOI https://doi.org/10.37884/3-2023/18
Fahimeh Salehi®*“!®* Maira Kussainova®c!®

Kazakh national agrarian research university, Almaty, Republic of Kazakhstan,
fahimehsalehil219@gmail.com*, maira.kussainova@kaznaru.edu.kz

ASSESSMENT OF INTERDEPENDENT CHANGES OF NEXUS FLUXES ON THE
IMPACT OF CLIMATE CHANGE & LAND USE ON THE EXAMPLE OF THE
DISTRICTS ALONG THE SYR DARYA

Abstract

This research investigates the interplay between socioeconomic and environmental indicators
in the Kyzylorda district along the Syr Darya River. Through an analysis of the food, energy, and
water (FEW) functions and their implications for sustainable development, this study offers valuable
insights for policymakers and practitioners. Specifically, we examine the impact of climate change
factors, such as precipitation and temperature, on the production and yield of three key crops: wheat,
rice, and corn.

To conduct this study, we utilized daily temperature and precipitation data from the preceding
years of 2021 and 2022, along with corresponding crop yield data for the same period. Our
methodology draws upon established practices, including correlation analysis to assess the
relationship between climatic factors and crop yield. Additionally, regression analysis enables us to
develop predictive formulas to anticipate the effects of future climate changes on crop yield and
agricultural practices in the region. Moreover, ANOVA employed to measure variations in daily
temperature and precipitation during the certain period.

Keywords: NEXUS fluxes, Climate change, Syr Darya, Kyzylorda, Socioeconomic-
environmental systems (SES) indicators, Correlation analysis, Regression analysis, ANOVA,
irrigation efficiency.

Introduction and research purpose

This research will examine the interdependent dynamics of socioeconomic-environmental
systems (SES) indicators in an example district of Syr Darya in Kyzylorda, with the aim of gaining a
deeper understanding of the relationships among the elements of the biophysical matrix and
socioeconomic variables. The study will use a structured methodology that incorporates various
statistical analyses, including canonical correlation analysis, step-wise regression and correlation
analysis, path coefficient analysis, ANOVA, ANCOVA, and MANOVA, econometric modeling. By
analyzing both the causal and non-causal relationships among these variables, this research aims to
contribute to the development of sustainable development policies and practices.

The aim of this research is to explore the interdependent dynamics of (SES) indicators, with a
focus on understanding the causal and non-causal relationships among the elements of the biophysical
matrix and socioeconomic variables. Through the analysis of these relationships, we aim to develop
a more comprehensive understanding of the complex interactions between the socioeconomic and
environmental factors that shape SES, and to identify potential pathways for sustainable development
in these systems. Our target population includes researchers, policymakers, and practitioners working
in the fields of environmental sustainability, social welfare, and economic development.
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The climate in Syr Darya river basin is predominantly hot and arid, except for the mountainous
areas where it is cooler and more humid. The soils in the region are generally thin and infertile, but
they can support certain crops with proper irrigation. However, water is not abundant in the region,
which poses a challenge for agriculture. O. S. Savoskul, et. al, (2003) [1]. Therefore, it is crucial to
research the factors that impacts crop growth to determine which crops are suitable to plant in the
region. In addition, providing genetically modified seeds of high-demand crops to farmers could be
an effective alternative solution.

Amongst the beneficiaries of the basin, “Kazakhstan is an important land-locked dryland Asian
country owing to its large size and economy”. [2] K. Venkatesh et. al, (2020). In Kazakhstan during
2021, the average temperature was 1.58 °C higher than global climatic norm for the period 1941 —
2020. Croplands in the Aral Sea basin (ASB) confront a significant challenge of water scarcity. They
are highly susceptible to water stress, land degradation, and substantial anthropogenic disturbances.
L. Jiang, et. al, (2020).[3] Water stress is one of the consequences of extreme water withdrawal from
Syr Darya, which is exacerbated by rapid increases in temperature.

Furthermore, the increasing demand for food, bioenergy and other agricultural products, as well
as the intensification of climate change, pose special challenges for Central Asia’s agricultural sector
in terms of implementing sustainable land management. C. Conrad, G. Schmidt, & M. Kussainova,
(2023). [4]

To demonstrate, Kyzylorda, during 2021 was one of the warmest years since 1941, with average
temperature anomalies ranging from 1.89 to 2.28 degrees Celsius. The Kyzylorda region in
Kazakhstan holds significant importance due to its thriving economy. T. Alimbaev et.al, (2020). [5]
Yet, farmers are struggling with climate change and its impact over the product yield and income.

Whilst the changing climate is a threat, another significant concern in the region relates to the
utilization of centuries-old practices in irrigated agriculture. While drawing upon this wealth of
experience, it becomes crucial to exercise extreme caution when reconstructing the irrigation and
drainage-collector network. It is essential to consider the soil cover's structure and diligently uphold
the principles of contouring irrigated agriculture to ensure its preservation. T. Alimbaev et.al, (2020).

[5]

Beyond a shadow of doubt, water, food, and energy are essential for sustainable development.
Agriculture uses most of the world freshwater, and energy production requires water. As the demand
for these resources grows quickly, governments must manage them sustainably to meet the needs of
people, nature, and the economy. By doing so, we can handle the current and future challenges. UN
Water, (2020). [6]

In Kyzylorda, climate change will harm spring crop yields (e.g., wheat, barley) due to increased
temperatures and precipitation. However, it expected to benefit winter varieties of wheat and barley,
enabling multiple cropping, and increase rice yield. A. Islyami, et. al, (2020) [7].

Last year in Kyzylorda the cultivation of valuable crops like rice reduced and mostly switched
with moisture saving vegetables due to irrigation water scarcity. (JJ-TV News (2022)) [8].

In all likelihood, this will challenge the farmers and will affect their income and market. This
alteration and replacement in agriculture has lead us to explore the cause and effects, and research on
climatic factors.

Certainly, alteration in intensity and timing of precipitation as well as rapid increase in
temperature with uncertainties are important climatic factors already challenged the peasants for
agriculture and food production. Climate change scenarios revealed that within a period of 7 decades
(2090) the temperature will rise up to (4 — 7) degrees Celsius, and annual precipitation will increase
16%. Furthermore, predictions indicated that both temperature and precipitation are highly variable
and can experience extreme fluctuations in crop production and its yield.

Although in this research, we mainly assess climatic factors impact over crop yield, though
other variables also have significant impacts over the crop production and its growth; as a case in
point soil salinity and soil structure. For instance, inoculation with Amycolatopsis strains in soil with
WS significantly decreased grain and straw of wheat yield. M. Kussainova and R. Kizilkaya (2021).

[9]
172



I3nenicrep, Hotmxkenep — MccnenoBanus, pesynbratsl. Ne3 (99) 2023, ISSN 2304-3334

Again, from the beginning Central Asia’s most important cotton-growing region is concentrated
in the floodplain of the Syr Darya. The river flows for 2,200 kilometers, from the Tien Shan
Mountains west and northwest to the Aral Sea—the dying waterbody at the low point of the basin.
Water has withdrawn from the river for agriculture for many decades. Although the Syr Darya is the
second largest river flowing into the Aral Sea, its discharge is not very large and it easily depleted.
Control of the river vested in the Syr Darya Basin Water Organization, run by nations with territory
in the watershed. Some of the organization’s main efforts include accurate gauging of water use and
repair of canals to reduce widespread water leakage. NASA Earth Observatory, 2010. [10]

In the region, agricultural water occupies a huge share in Central Asia (over 85%). Therefore,
when we talk about the actual use of water, we mainly imply the water used for agriculture. Industrial
water in Kazakhstan occupies about 35%, and Kazakhstan is the only country in Central Asia that
uses a considerable amount of water for industrial purposes. However, the issue is not that much the
water scarcity and accessibility for Kazakhstan, rather the release of water from upstream countries
of CA, especially when we talk about Syr-Darya River. For example, Kyrgyzstan saves water in the
summer, as Kyrgyz aim at increasing the capacity of water for hydropower. In turn, they release water
in winter when there is a need for hydropower energy by inevitably creating overflowing problems
in downstream countries like Kazakhstan. S. Xenarios, (2021). [11]

Despite the fact that all central Asian countries use water for irrigation and hydropower, in
Kazakhstan the water mostly used firstly for industrial and for agricultural use. It is because
Kazakhstan is rich in fossil fuels and hydropower generation is not a matter of concern.

The impact of changing climate over crop production in Kazakhstan is of high concern.
Researchers predict the impact as much as 37% during 1 decade (by 2030) and 49% by after 3 decades
(by 2050). In other words, the annual crop production of 20 million tons will decrease by 7 million.
This could realize by an average increase in temperature of 1/7 to 1.9 degrees celsius during 2020-
2040. These statistics should persuade scientists to conduct precise research to analyze the climatic
factors changes over the crop yield and growth. K. Akhat (2020). [12]

Water delivery, crop yields (cotton, wheat and rice) and water productivity used as major
indicators of performance for the irrigation system of the basin. H. Murray-Rust, et. al, (2003) [13].
In the year 2000, the main crops produced in the Syr Darya Basin were wheat, with a production of
3 million tons, along with potatoes, which yielded approximately 2 million tons, and vegetables,
which produced 1.3 million tons. O. S. Savoskul, et. al, (2003). [1]

Table 1 - Crop type vs land productivity

Crop Type Land Productivity (t/ha)
Cotton 2.89
Wheat 2.82
Rice 3.99

Kazakhstan is an important producer and exporter of high-quality wheat. Average annual
production is about 13 million tons, but output is highly dependent on weather and in recent years
has fluctuated between 10 and 17 million tons. Kazakhstan also produces around 2 million tons of
barley, and a small amount of oats, corn, and rice. USDA report (2010). [14]

Research questions:

1.  How the FEW functions correlated with one another, and what are the subsets of variables
that are most strongly associated with one another?

2. Which variables have the greatest influence on the dependent variable, as determined by
“step-wise” regression, Spearman correlation coefficients, and boosted regression trees?

3. How do changes in NPP affect herding practices, and what is the statistical importance of
this relationship as determined by path coefficient analysis?

4. Which regulations are most meaningful based on the results of ANOVA, ANCOVA, and
MANOVA, and how do these regulations relate to the independent variables in the study?
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5. What are the causal relationships between household behaviors and the socioeconomic
and biophysical drivers, as identified through econometric models?

6.  Towhat extent the water of Syr Darya polluted, as measured by WQI, compare to primary
and secondary data sources, and what are the implications of these findings for water quality
assessment in the study area?

Methodology

This research will use a structured methodology to achieve the research goals. Firstly, data on
the biophysical matrix and socioeconomic variables in the study area, as well as climatic factors and
water quality information will collect. Secondly, the collected data will clean, validate, and process
to ensure its accuracy and consistency. Thirdly, Pearson canonical correlation analysis will use to
identify correlations and subsets of the FEW functions in the study area. The Pearson coefficient
measures the strength and direction of the relationship between two variables, which usually ranges
between (+1,-1). Fourthly, “step-wise” regression, Spearman correlation coefficients, and boosted
regression trees will use to explore and select the variables with the greatest influence on the
dependent variable. Fifthly, path coefficient analysis will use to quantify the statistical importance of
causal variables in FEW measures, such as how changes in NPP affect herding practices or vice versa.
Sixthly, ANOVA, ANCOVA, and MANOVA will use to identify potential regulations and their
meaningfulness based on the independent variables in the study. Finally, econometric models will
use to identify causal relationships between household behaviors and the socioeconomic and
biophysical drivers.

Findings and discussion

With a total area of 402,760 km2, the Syr Darya is one of the two primary headwaters of the
Avral Sea basin. The river is home to 20 million people of which 73 % are living in rural areas. The
beneficiaries of the river are Kyrgyzstan, Uzbekistan, Kazakhstan, and Tajikistan. The geographic
information system and application of geo-referencing and google earth used to map the river, Aral
Sea, and trans-boundary countries:

Figure 1 - Syr-darya & trans-boundary countries

Table 2 - Point coordinate

Point coordinate
Point # Latitude - N Longitude — E
P1 37° 21’ 44.75” 53°24°59.18”
P2 48°35°17.54 78° 15 44.06”
P3 36° 28’ 44.86” 77° 4 36.67”
P4 45°13° 1847 46° 28 21.72”
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In this research, we specifically selected the Kyzylorda region as our study area, which locates
in the shore of Syr Darya in Kazakhstan. The region's capital is Kyzylorda, with a population of
234,736. As indicated in figure 2, notable settlements within the region include Aral Sea basin and
its proximity to Uzbekistan that further amplifies its strategic significance and agricultural potential.

Russia

Kazakhstan
&

Aral sea%}

Syr Da 14

Uzbekistan Kysgyzstan China

S

Turkmenistan _ _
Figure 2 - Study Area (Kyzylorda region)
Staple Crops
In this study, we examined the impact of climate variability on the yields of wheat, rice, and
corn. Our objective was to understand how changing climate patterns influence the productivity of
these staple food crops. By exploring the complex dynamics between climate factors and agricultural

outcomes, we aim to inform decision-making and develop strategies for enhancing food security in a
changing climate.

Syr darya land use (2003)

Syr darya land
Syr darya land use Pasture
use Other, 37% grazing ; 55%

S

Syr darya land use Pasture grazing = Syr darya land use Agricultural practices

Syr darya land
use Agricultural
practices, 8%

Syr darya land use Other

Figure 3 - Syr darya land use (2003)
Nexus in Syr Darya

The water resources of the Syr Darya River Basin are essential for both hydropower generation
in upstream nations and agricultural production in both upstream and downstream countries.
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However, there is a clear trade-off between these two important uses: the demand for energy in
upstream countries is highest during the winter, while irrigated agriculture requires greater amounts
of water during the summer.

O.S. Savoskul et al. (2003) [1] found that the majority of the land in the Syr Darya region
utilized as pasture for grazing livestock, with less emphasis on agricultural practices. The Syr Darya
Basin (shown in Fig. 1) is one of the two primary headwaters of the Aral Sea Basin in Central Asia.

Correlation Analysis for irrigation efficiency:

Rain-fed crop yields are typically 50% lower on a global scale compared to irrigated yields.
[15]: S. Jaramillo, E. Graterol, and E. Pulver, (2020)

In Kazakhstan, irrigated agriculture is the biggest water consumption industry that accounts for
70% of all water consumed in the country. In most parts of Kazakhstan, traditional agricultural
practices are used. Flooded irrigation advanced by gravity canals to convey the water to the fields is
common for agriculture, particularly, in downstream parts of Syr Darya. Weak application of water-
saving irrigation technologies by agricultural producers directly affects the irrigation efficiency and
food security as well.

The amount of water consumption and irrigation efficiency indicated in the table below. If the
peasant and small holders in Kazakhstan use water saving technologies e.g. drip irrigation the water
consumption will decrease by an average rate of 25%. G. Rau, (2016) [16].

Table 3 - Irrigation efficiency in Kazakhstan

Traditional agriculture practices | Water saving agricultural practices
Agricultural Specific Water Irrigation Specific Water Irrigation
crops (Ton) Consumption water Consumption water
(md/t) efficiency US (m3/t) efficiency US
dollar per 1 dollar per 1
m3 of water m3 of water
Rice 7500 0.06 5625 0.08
Cotton 5500 0.22 4125 0.29
Corn for grain 1500 0.10 1125 0.13
Sugar beet 600 0.25 450 0.33
Cereal 1400 0.11 1050 0.15
Vegetables 500 0.24 375 0.32
Melons 180 0.19 135 0.25
Orchards & 800 1.0 600 1.33
vineyards
Perennial herbs 2500 0.07 1875 0.09

Correlation analysis for crop yield against temperature (Wheat, corn, & rice):

In this research, we followed a methodology that previously has proved successful in studying
the impact of climatic factors on crop yield. As stated by Badri Kanal in 2016 [17], analyzing the
minimum and maximum temperature and precipitation data from the preceding years is crucial to
determine the optimal conditions for crop production.

To perform our correlation analysis, we used data from the two preceding years for daily
temperature and rainfall and compared it with the crop yield of wheat, corn, and rice during the years
2021-2022. The correlation analysis of climatic factors over the wheat crop yield revealed a positive
correlation coefficient of 0.31 between temperature and crop yield. This means that as the temperature
increases, the wheat crop yield also increases. On the other hand, for corn and rice, we observed a
negative correlation coefficient of -0.23 and -0.42, respectively. This indicates that as the temperature
increases, the yield of corn and rice crops decrease.

Overall, the findings of our research suggest that the impact of temperature on crop yield varies
among different crops. While wheat crop yield increases with increasing temperature, corn and rice
crop yield decrease. These findings can be useful for farmers and policymakers in making decisions
related to crop production and management in response to changes in climate.
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Correlation analysis for crop yield against precipitation (Wheat, corn, & rice):

The results of the correlation analysis indicate that there is little to no correlation between crop
yield and precipitation for both wheat and corn. However, in the case of rice yield, there appears to
be a positive correlation with precipitation, suggesting that an increase in precipitation leads to an
increase in crop Yyield. Specifically, the correlation coefficient for rice yield and precipitation is 0.45.

Regression analysis:

The regression analysis computed for the crops revealed that wheat, corn, and rice, have
coefficient of determination of 0.16, 0.16, 0.4 respectively. This indicates that 16, 16, and 40 % of
the variance in wheat, corn, and rice production can be, respectively explained by the climatic
parameters of temperature and precipitation. (Table 4).

Table 4 - Regression analysis for crop yield vs climatic factors.

Crop Type | Rvalue R square Regression F Standard
(The coefficient of | coefficient Error
determination)
Wheat 0.402 0.162 0.871 2196.841
Corn 0.02496 0.158 0.842 378.339
Rice 0.16 0.4 3 105690.3

Multiple regression analysis, supported by the regression formula, is a valuable statistical tool
for studying the relationship between multiple independent factors and a single dependent variable.
When analyzing the impact of climatic factors on crop production, it helps quantify the relevance of
temperature and precipitation changes on crop yield. By inputting temperature and precipitation
values into the regression formula, accurate predictions of future crop yields generated.

For corn regression formula to predict the crop yield by knowing the temperature and
precipitation value is:

Y =141 -10 (X1) + 54 (X2)

Where:

Y = crop yield (ton)

X1 = temperature independent value (°C)

X2 = precipitation independent value (mm)

For sample prediction, at a precipitation of 7mm and a temperature of 35 °C the crop yield
will be 378 tons.

Based on the calculations, we can conclude that higher temperatures and more rainfall
negatively affect the yields of spring crops like wheat and barley. On the other hand, climate change
could have a positive effect on winter varieties of wheat and barley, allowing farmers to grow multiple
crops in one season.

The formula for wheat yield as a dependent on X1 and X2 is Y = 2341 + 58 (X1) - 107 (X2),
and for rice is Y = - 356356 — 3585 (X1) + 134573 (X2).

ANOVA analysis:

A one-way analysis of variance (ANOVA) conducted to assess the variability of the
climatic factor of precipitation over the course of one year and its potential impact on crop
yield. The analysis involved testing two hypotheses to determine if climatic factors significantly
contribute to the variation observed in crop yield.

Table 5 - ANOVA Analysis result for climatic factor (precipitation)

ANOVA

Source of Variation SS df MS F P-value F crit
Between Groups 67.38539 11 6.125944 | 2.144868 | 0.016959 | 1.815817
Within Groups 1008.201 353 2.856094
Total 1075.587 364
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In this research, a one-way analysis of variance (ANOVA) was helpful to assess whether there
is a significant difference in daily rainfall levels throughout 2021. The objective was to quantify the
variability in rainfall and make determinations about its potential impact on crop growth and yield.
In Table 5, the obtained p-value from ANOVA was found to be less than the predetermined

significance level (alpha) P<a.. Consequently, it inferred that the null hypothesis is false, indicating
that there is insufficient evidence to support the notion of significant variance in precipitation data.
This suggests that precipitation may not have played a substantial role in influencing crop yield,
supporting the alternative hypothesis.

Table 6 - ANOVA Analysis result for climatic factor (temperature)

ANOVA
Source of Variation SS df MS F P-value F crit
Between Groups 1.445504 1 1.445504 | 0.006596 | 0.936003 | 4.30095
Within Groups 4820.967 22 219.1349
Total 4822.412 23

In contrast, the analysis of average monthly temperature data for the years 2021 and 2022 using
ANOVA indicated that temperature variance has a significant impact on crop yield. This conclusion
drawn based on the observed substantial variance among the average monthly temperature values for
the aforementioned years. It is important to note that the p-value obtained from the ANOVA analysis
of temperature statistics exceeded the predetermined alpha value, leading to the rejection of the null
hypothesis and providing support for the alternative hypothesis.

Conclusion

In conclusion, this research aims to assess the interdependent changes of NEXUS fluxes on the
impact of climate change and land use in the districts along the Syr Darya. By analyzing the
relationships among socioeconomic-environmental systems (SES) indicators, the study seeks to gain
a deeper understanding of the complex interactions between the biophysical matrix and
socioeconomic variables. The research methodology involves various statistical analyses, including
correlation analysis, regression analysis, path coefficient analysis, ANOVA, ANCOVA, MANOVA,
and econometric modeling.

The findings of the research highlight the importance of water, food, and energy for sustainable
development. The study emphasizes the challenge of water scarcity in the region and the need to
research factors that impacts crop growth to determine suitable crops for cultivation. It also discusses
the trade-off between hydropower generation and agricultural production, particularly in the context
of the Syr Darya Basin.

The research findings indicate that climate variability has an impact on the yields of staple crops
such as wheat, rice, and corn. The analysis reveals correlations between crop yield and temperature,
with wheat yield increasing and corn and rice yields decreasing as temperature rises. Additionally,
the study highlights the importance of irrigation efficiency in Kazakhstan, with potential water
savings through use of water-saving agricultural practices.

The regression analysis demonstrates the relationship between climatic factors (temperature
and precipitation) and crop yield. The coefficient of determination indicates the percentage of
variance in crop production that explained by these factors. Multiple regression analysis enables the
prediction of future crop yields based on temperature and precipitation values.

Overall, this research contributes to the understanding of the interdependencies and dynamics
of socioeconomic-environmental systems in the Syr Darya region. The findings can inform
sustainable development policies and practices, particularly in the areas of water resource
management, agricultural production, and climate change adaptation. The research outcomes are
relevant to researchers, policymakers, and practitioners working in the fields of environmental
sustainability, social welfare, and economic development in Central Asia.
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Engineering, And Medicine, PEER Cycle 9 project (Award N0.9-38) entitled “The effects of
excessive water use and agricultural intensification on Aral Sea shrinkage: SES dynamics within the
Syr Darya River Basin”.
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CBIPJIAPUS BOUBIHJIAFBI AYJIAHJIAP MBICAJIBIHJIA KJIMMATTBIH,
O3I'EPYI MEH KEPII MAUJAJAHY IbIH OCEP ETYIHE NEXUS AFBbIHJIAPBIHBIH
O3APA TOYEJIAI O3T'EPICTEPIH BAFAJIAY

Anoamna

byn 3eprrey Ceipnapuss e3eni OoiibiHmarbl KpI3buiopa ayJaHBIHIAFBl  QJICYMETTIK-
HSKOHOMHUKAIIBIK KOHE SKOJIOTHSUIBIK KOPCETKIIITEP/AiH o3apa OallaHbIChIH 3epTTeiial. A3bIK-TYIIIK,
sHeprus xoHe cy (FEW) dbyHKumsmapbeiH jxoHE oNapblH TYpPAKThl 1aMy VIIIH CajJapblH Taliay
apKbLIbI OYJ1 3epTTey casicaTKepiaep MEH ToXipuOenIiiep Yl KyH/Ibl TYCIHIKTepAl YChIHAIbl. ATan
aifiTKaHga, 013 )KaybIH-IIAIIBIH MEH TEMIIepaTypa CUAKTHI KJIMMATTBIH e3repyi (pakTopiaapeIHbIH I
HETi3T1 JaKbULIBIH: OUIal, KYpIIl )KoHE JKYTepl OHIMI MEH OHIMIHE 9CEpiH 3epTTCHMI3.

byn seprreymi xyprizy ymiH 013 ammbiaFel 2021 sxone 2022 KbUTHapIarbl TOYIIKTIK
TEMIIEpaTypa MEH JKaybIH-IIAIBIH JICPEKTEPIH JKOHE COJI Ke3eHJACr! JaKbULIApIbIH THICTI
IIBIFBIMABLIBIFBl  IEPEKTEPIH KOJMJAAHABIK. bBi3miH omicTeMe KIMMATTHIK (akTopiap MEH €riH
IIBIFBIMJIBIIBIFBI APACHIHAAFbl OalTaHBICThI OaFaiay YIIiH KOPPEISIHMIIBIK TaIIayIbl Koca alFaH/a,
KaJBIITACKAaH ToXipubenepre cyieneni. byran Koca, perpeccusuiblk Tangay aiMakTarbl €riH
IIBIFBIMJIBIIBIFBIHA YKOHE ayBUIIIAPyalIbUIBIK TOKipHOeciHe Oomanak KIMMaT e3repicTepiHiH acepin
Oormkail anateiH OospKamIbl hopMynnanap/sl xacayra MyMKiHaik 6epeai. ConbimMeH Katap, ANOVA
Oenrini Oip Ke3eHJeri TOYMIKTIK TeMIleparypa MEH >KayblH-IIAIIBIHHBIH ©3TepyiH oJIey YIIiH
naiganaHbUIIbL.

Kinm ce30ep: NEXUS arsingapsel, Kinumarteig e3repyi, Ceipaapus, Kei3siiopaa, ©OneymerTik-
HKOHOMHKAIIBIK-3KONOTUsIbIK - kylenep (COC) kepcerkimtepi, Koppensuusislk —Tanjaay,
Perpeccusibik Tannay, ANOVA, cyapy THIMILIITI.

@.Canexu RO * M T, Kycaunosa SRCI2
Kaszaxckuil nayuonanvhwill acpapHulil uccie0o8amenbcKull yHusepcumem, 2. Anmamet,
Pecnybnuxa Kazaxcman, fahimehsalehil219@gmail.com*, maira.kussainova@kaznaru.edu.kz
OIIEHKA B3AMMO3ABUCHUMbIX UBMEHEHUHI MMOTOKOB NEXUS HA
BJIUAHUE USMEHEHU S KIIMMATA U 3EMJUIEITIOJIB30BAHUSA HA IPUMEPE
TEPPUTOPUU BI0JIb CHIPJAPHU

Annomauusn

B maHHOM Hcce10BaHUM U3Yy4aeTCsl B3aUMOAECHCTBUE MEXAY COLIMAaIbHO-DKOHOMUYECKUMH 1
HKOJIOTMUECKUMHU TMOKa3zareasiMi B KBI3bUIOPIMHCKOM palioHe, paclojOKEHHOM BJIOJIb pEKU
Ceipaapss. bnaronapst ananusy GyHKIKUN TPOI0BOILCTBUSA, S3HEpTUu U BoAbl (FEW) 1 ux 3nauenus
JUIS YCTOMYMBOTO Pa3BUTHS, ITO MCCIE0BaHUE MpeiaraeT HeHHYI0 HHPOPMAIUIO JIJIsl TOJIMTUKOB
U [IPaKTUKOB. B 4acTHOCTH, MBI H3y4aeM BIUsHUE (PAKTOPOB U3MEHEHUS KIIMMAaTa, TAKUX KaK 0CaJIK1
U TemIepaTypa, Ha MPOU3BOACTBO M YPOKaWHOCTh TPEX KIIOUYEBBIX KYJIbTYp: MILEHUIBI, pUca U
KYKYpPY3BbI.

J1j1s IpoBeIeHuUs ATOrO UCCIIEJOBaHMS Mbl UCIIOJIB30BAIM JaHHBIE O CYTOYHOU TeMIeparype u
ocazakax 3a npenpiyne 2021 u 2022 rojpl, a Takke COOTBETCTBYIOIIME JaHHBIE 00 ypOKalHOCTH
KYJIbTYp 3a TOT e nepuoj. Haimia MeTomonorusi ocCHoBaHa Ha YCTOSIBIIEWCS MPAKTHUKE, BKIIOYAs
KOPPEJSIUOHHBIA aHaU3 JUIS OLEHKM B3aUMOCBSI3U MEXIYy KIMMAaTHUYECKUMH (aKTOpaMu H
YPOXKaHHOCTBIO CENbCKOXO35MCTBEHHBIX KyIbTyp. Kpome TOro, perpeccnoHHbIN aHaIu3 MO3BOISET
HaM pa3pabaTeiBaTh (POPMYIIBI IPOTHO3UPOBAHMS, MMO3BOJISIOLINE MPEABUIACTh BIMAHUE OYTYIIMX
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W3MEHEHUH KJIMMaTa Ha YPOXKaWHOCTb CEJIbCKOXO3SMCTBEHHBIX KYJIbTYp M METOJbl BEICHUS
cesIbcKoro xo3dicTea B peruone. Kpome toro, ANOVA ucnons3yercs i1 U3MEpEHHsI N3MEHEHUI
JTHEBHOM TEMIEpaTyphl U OCAJIKOB B TEUEHUE ONPEICICHHOTO MEPHO/Ia.

Kniwueevie cnoea: Ilotoku NEXUS, W3menenne kinumara, Ceipnapes, Keizbuiopaa,
[TokazaTenu coOIMANTBHO-IKOHOMUYECKUX M 3Koyorudeckux cucteM (COC), KoppensunoHHBII
ananu3, Perpeccuonnsiii ananuz, ANOVA, 3 GeKTHBHOCTb OPOILICHHS.

MPHTH 68.35.31 DOI https://doi.org/10.37884/3-2023/19
U.I1. Owepeuna* E.A. Ten

TOO «Hayuno-npouzeodcmeennwiil yeHmp 3epHoso20 xozsaticmea um. A.1U. bapaesa», n.
Hayunwui, Pecnybnuxa Kazaxcman. egoriha76@mail.ru*, jekon_t87.07@mail.ru

KOMIIVIEKCHASA OHEHKA TEHETUYECKHUX PECYPCOB I'OPOXA HA
OCHOBE KJIACTEPHOI'O AHAJIN3A

Annomayus

3epHOO0OOBEIE  KYIBTYpbl 0OOTraTtbl OCIKOM, B CJICACTBHH 4YEro SBISIOTCS BaKHBIM
KOMITIOHEHTOM PacTeHHEBOAUECKOro Onopa3HooOpa3usi U TMPOJOBOJILCTBEHHON 0€30MacHOCTH.
OOecrieueHre HaceJICHUSI CTPAHBI MTPOJOBOJILCTBUEM — TJIaBHAS 3aj1ada arpapHoOro MpOM3BOACTBA.
[{enbro HACTOALIETO UCCIEAOBAHUS ObLIO H3yYeHHE TeHETHYECKOT0 Pa3HO00pas3usi COPTOB ropoxa u
OTpENEJICHUSI CTENEHU TEHETUYECKOTO PACXOXKIEHUS MEXKIY KOJUICKIIMOHHBIMH OOpa3liaMH.
N3ydyeno 37 reHOTUIIOB Topoxa ycaToro Mop¢oTHIa, Pa3IUYHOTO 3KOJIOro-reorpaduyeckoro
npoucxoxacHus. MccneqoBaHusi MpOBOAWIM Ha TMOJSX CEICKIMOHHOTO mHUTOMHHMKA HaydHo-
MIPOM3BOJICTBEHHOM IIEHTPE 3epHOBOTO X03s1iicTBa uMeHu A.U. bapaesa. KiactepHslil ananus — 310
mporeaypa TPYHNIUPOBKM OOBEKTOB HCCJICAOBAHMS 110 OMNpeAe€¢HHOMY Ha0Opy JIaHHBIX.
Habmtoienust mpoBoauiaKch Mo 12 KoMMuecTBEHHBIM MPU3HAKAM, 8 UMEHHO: BEreTallMOHHBIN TEPUO/T
OT BCXOJOB JIO IIBETEHHs, CYT., OT BCXOJIOB JO CO3PEBAHHUS, CyT., YPOXKAWHOCTb, I/M2, UYHCIIO
MEXKI0Y3JIUH, IIIT.; YUCIIO MPOAYKTUBHBIX y3II0B, IIT.; BHICOTA PACTEHUS, CM.; BEICOTA IPUKPETUICHUS
HIDKHEro 000a, cM.; yucio 6000B Ha pacTeHHWH, IIT.; YACIO CEMsSH B 000e, IIT.; YUCIO CeMsH C
pacTeHus, IIT.; Macca CeMsIH ¢ pacTeHus, T.; Macca 1000 ceMsH, T., ¢ TOMOIIBIO aHATTN3a OCHOBHBIX
KOMITOHEHTOB U KJIACTEPHOTO aHaJIn3a JJIsl OMPENETICHUs POJICTBA M TEHETUUECKOTO PACXOXKICHUS
MeXay oco0siMU. B pe3ynbTare KIacTepHOTO aHalu3a CrPyNnupoBaiu 37 o0pa3iioB 3apOoAbIIIeBOM
MJIa3Mbl TOPOXa B JIBA OCHOBHBIX KJIACTEP W MATH MOATPYIII, MPU 3TOM MUHUMAIIBHOE KOJMYECTBO
o0pa3ioB ObLI0 OOHapyXeHO BO BTOpOM kiactepe, B rpymme 3B (1 mr.), a mMakcumanbHOE
KOJIM4YecTBO ObII0 OOHapyxeHo B rpynme 1B (13 mr.). IlonyyeHHble pe3ynbTarhl MOKa3zaiu, 4TO
Cpenu IBYX KIJIACTEPOB OTIEIbHBIM reHoTun B rpymnne 2C MMeeT HauBbICHIEE CpEJHEE 3HAYEHUE
MPAKTUYECKH IO BCEM aHATM3UPYEMbIM IIPH3HAKaM, KpoMe urcia ceMsiH B 600e. {711 ceeKIMoHHbIX
mporpaMM 00pasnbl 2-TO  KJIAcTepa, BBIICTUBIINXCS IO OCHOBHBIM XO3SHCTBEHHO-IIEHHBIM
MPU3HAKAM TPEJCTABISIOT HAWOOJBIINNA HHTEPEC M MOTYT OBITh HCIIONB30BaHBI B KaueCTBE
POIUTENBCKUX (HOPM MIPH THOPUIUIAIUH.

Knrouesvie cnosa:  cememuueckue  pecypcel,  20poX,  6€2emAayUOHHbIN  Nepuoo,
MopgonozuyecKkue NPU3HAKU, KIACMEPHbI AHANU3, CENeKYUS, YPOICAUHOCTb.

Beeoenue

W3meHeHne kiaumara NpecTaBisieT co0OM  OrpoMHYI0 TpobiieMy JUisl  MOBBIIIEHUS
YPO’KallHOCTb ~ CEJIbCKOXO3SAMCTBEHHBIX KyibTyp. IM3-3a mnocneacTBuii M3MEHEHHs KiIMMarta
YpOKalHOCTh HEKOTOPHIX OCHOBHBIX CENIbCKOXO3SIICTBEHHBIX KYJIBTYP YK€ CTarHUPOBaja WK Jaxe
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