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Abstract. Analysis of the effectiveness of agricultural resource use is becoming particularly important in
the context of current climate and economic transformations. The study addressed the correlation between the
indicators of orchard area, yield and gross harvest of fruit crops in the Chiy Region of the Kyrgyz Republic for
the period 2022-2024. The study aimed to establish statistical correlations between the primary indicators of
production and economic performance to support decisions aimed at enhancing the efficiency of the region's
agricultural sector. The study used official statistical data, the calculation of Pearson's coefficients to identify
linear dependencies and visual methods of presenting data. The analysis covered data for seed and stone fruit
crops (apple, pear, plum, cherry, sweet cherry, apricot, peach), including area, gross harvest, yield, revenue, costs,
profit and efficiency. The analysis showed a steady increase in yields and gross volume with a decrease in planted
areas, indicating the introduction of a more intensive model in horticulture. High positive correlations were found
between area and gross harvest (r>0.7) and between gross harvest and yield (r>0.8). A direct correlation between
revenues and profits was also identified, which confirmed the importance of financial resource management. At
the same time, the level of efficiency demonstrated a weaker dependence, indicating the multifactorial nature
of its formation. The data obtained can be used to create regional strategies aimed at increasing the economic
return on perennial fruit crops, with an emphasis on increasing yields, optimising costs and applying modern
agricultural technologies. The findings highlighted the importance of integrating statistical methods of analysis
into agricultural practice, which not only improved the accuracy of assessment of the current state of production but
also created forecast models for effective resource management.Thus, the study demonstrated that the introduction
of an integrated approach, including agrotechnical, economic and analytical components, is a key condition for
increasing the sustainability and competitiveness of horticulture in the Chily Region and similar agro-climatic zones
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Economic and correlation analysis of perennial crop yields...

Introduction

Modern agriculture is under the influence of many fac-
tors that significantly affect its efficiency and sustaina-
bility. One of the key challenges is global climate change,
which manifests itself in the form of rising temperatures,
more frequent dry periods, shifting growing seasons
and instability in the distribution of precipitation. This
determines a need for the agricultural sector to adapt
to changing environmental conditions. In addition to
climate, economic and social challenges, urbanisation,
labour shortages, inflation and volatile markets are also
increasing pressure on the agricultural sector, especial-
ly in emerging economies (Murabildayeva et al., 2024).

In the face of such challenges, it is especially im-
portant to find effective strategies for managing peren-
nial plantations as one of the stable and resource-in-
tensive segments of agricultural production. In Central
Asian countries, including the Kyrgyz Republic, there is a
downward trend in the area of agricultural land, includ-
ing perennial plantations, due to soil degradation, water
shortages and urbanisation. At the same time, statistics
show an increase in yields, which indicates a transition
to more intensive horticultural models. Such a transi-
tion is only possible with the introduction of modern
drip irrigation technologies, breeding improved varie-
ties, balanced plant nutrition and biological protection.

In this context, correlation analysis is substantial,
identifying the relationship between agricultural and
economic indicators and thus improving the accuracy
of forecasts and the validity of management decisions.
As noted by A.Ragimov & M. Mazirov (2022), correlation
analysis is effective in assessing the impact of climatic
and agronomic factors on fruit crop yields. O. Andree-
va et al. (2022) emphasise that simple expansion of
areas does not always lead to a proportional increase
in yields and gross harvest, especially without proper
agronomic support. T. Huang et al. (2024) proved the
importance of varietal structure and irrigation meth-
ods for the optimal use of land resources. The study
emphasised that the combination of high-yielding
varieties with innovative cultivation methods can in-
crease yields without extensive expansion of the ter-
ritory. N. Parashar et al. (2024) showed that the use of
multiple correlations makes it possible to quantify the
contribution of each factor to the gross yield. A. Popova
& 0.Naumova (2021) added that without the cost com-
ponents (e.g., costs per hectare), the economic analysis
of agricultural activities loses its practical significance.
It should also be noted that studies in Central Asian
countries, including Kazakhstan and Uzbekistan, show
similar trends. S. Shaitura et al. (2021) emphasise that
regions that are actively implementing precision agri-
culture demonstrate higher production and econom-
ic efficiency even with limited natural resources. This
data confirms the need for an integrated approach to
managing perennial plantations, where economic and

managerial aspects are taken into account alongside
agricultural techniques.

For the Chiy Region of the Kyrgyz Republic, which
is one of the national leading fruit-growing regions,
the task of increasing the efficiency of the agricultur-
al sector is particularly urgent. Given the limited land
and water resources, as well as the growing demand for
food, the region faces the need to develop and imple-
ment scientifically based solutions aimed at increasing
the profitability and sustainability of production. In-
ternational studies and regional experience show that
analysis of the relationship between production indi-
cators (area, gross harvest, yield) and economic results
(income, costs, profit, efficiency) optimises agricultural
policy and increases the effectiveness of investments
(Talgarbekov et al., 2025).

The study aimed to conduct an economic and corre-
lation analysis of the relationships between plantation
area, gross harvest and yield of fruit crops in the Chiy
Region of the Kyrgyz Republic for the period 2022-2024.
Research goals include: analysis of the dynamics of
production indicators for perennial plantations; deter-
mination of correlations between the main agricultural
and economic indicators; and development of practical
recommendations for improving the efficiency of per-
ennial plantations management in the Chuy Region.

Materials and Methods

The study was conducted based on an analysis of offi-
cial statistical data on perennial fruit crops grown in the
Chuy region of the Kyrgyz Republic in 2022-2024. The
data were obtained from reports from the Ministry of
Agriculture of the Kyrgyz Republic (n.d.) and the Nation-
al Statistical Committee of the Kyrgyz Republic (n.d.).
The methodological basis included an economic cor-
relation analysis aimed at identifying the relationships
between three key indicators: the area of fruit-bear-
ing plantations (ha), gross production (cwt), and yield
(cwt/ha). Pearson’s linear correlation coefficients were
used to process the data, which made it possible to
quantitatively assess the direction and degree of de-
pendence between the variables. Microsoft Excel and
SPSS Statistics software were used to process the infor-
mation, which provided high accuracy of analysis and
clear graphical representation of the results in the form
of tables, graphs and diagrams.

The sample was based on complete annual data for
the following crops (crops with incomplete data or an
insignificant share in gross production were excluded
from the sample):

seeds: apple tree, pear tree;
stone fruits: plum, cherry, sweet cherry, apricot,
peach.

The following formulas were used to calculate the
economic indicators:
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Revenue (gross profit) was calculated using the fol-
lowing formula:

Revenue = Gross sales x Unit price, (1)

where Gross harvest — volume of products received in
centners (c); Unit price - average market price (in con-
ventional units) for 1 cwt of products.

Growing costs were determined by the formula:

Costs = Planted area x Average cost per hectare, (2)

where Planted area - total area of perennial crops (in
hectares); Average costs per hectare - total costs of cul-
tivation technology per 1 ha.

Profit was calculated as the difference between in-
come and expenses:

Profit=Revenue Costs, (3)

where Income - value from formula (1); Expenses - val-
ue from formula (2).

Efficiency of land use was calculated using the fol-
lowing formula:

.. Profit
EffLCLency = Plantation area’ (4)
where Profit is calculated using formula (3); Plantation
area in hectares. The indicator reflects the profit per
hectare and is used as an indicator of the economic ef-
ficiency of cultivating a particular crop.

The methodology for calculating Pearson’s correla-

tion coefficient is described in the following formula:
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nyxy— YXxYy
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VnEZxZ-C )DL y2-(y)?2) ©)

where: x, y - values of two variables; n - number of ob-
servations; r — Pearson’s correlation coefficient, which
characterises the direction and strength of the relation-
ship between the variables.

These formulas quantified the production and eco-
nomic parameters of perennial fruit growing in the re-
gion. This methodology can be successfully replicated
in other areas with similar agro-climatic conditions and
statistical bases.

Results and Discussion

The results of the study demonstrated that between
2022 and 2024, there was a decrease in the area of or-
chards in the Chly Region, accompanied by an increase
in harvest volumes and productivity indicators. This in-
dicates an increase in the productivity and efficiency of
agricultural land use. A correlation analysis revealed a
moderately positive relationship between the area of
plantations and gross harvest, confirming the impor-
tance of this indicator for forecasting production vol-
umes. At the same time, the study determined a stable
positive relationship between yield and gross harvest,
emphasising the importance of technical and agro-
technological solutions in ensuring productivity (Filip-
pova, 2025). Fluctuations in yield recorded in different
years are probably due to unstable weather conditions,
as well as differences in the application of agrotechni-
cal measures (Konovalov et al., 2005).

The fluctuations in yields recorded in different years
are possibly determined by unstable weather conditions,
including longer dry spells and lower rainfall (Table 1).

Table 1. Changes in temperature, precipitation and dry periods in the Chiy Region

Year Average air temperature, °C
2022 11.8
2023 12.4
2024 12.4

Amount of precipitation, mm  Duration of dry period, days

420 34
390 41
360 45

Source: compiled by the authors based on data from Kyrgyzhydromet (n.d.)

The highest yields were observed in those farms
where innovative approaches to drip irrigation systems,
modern fertilisation methods and high-yielding plant
varieties were used, which confirms the importance
of technological modernisation (Chekunov, 2019). The
analysis of statistical data showed that the value of
correlation coefficients between the main indicators
for different years was in the range of 0.68-0.82, which
characterises a high degree of interconnectedness.

Comparative analysis with the results of other
studies demonstrated that sustainable yield growth,
even with a reduction in planted areas, is possible due
to the widespread adoption of modern agricultural
technologies. In particular, studies in Kazakhstan and

Uzbekistan show similar trends, where efficiency gains
are achieved not through extensive expansion of plant-
ed areas, but through improved management decisions
and more precise agricultural operations (FAO, 2018).

The analysis of the economic characteristics of key
types of perennial crops for 2022-2024 revealed signif-
icant differences in income and costs of growth, which
is an important factor for the subsequent analysis of
their profitability and efficiency. The analysis calculated
the total revenues and costs of growing each crop, in-
cluding apple, pear, plum, cherry, sweet cherry, apricot,
peach and other fruit trees. Costs were calculated based
on typical costs per hectare, incorporating the specifics
of agricultural practices for each fruit crop (Table 2).
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Table 2. Revenues and expenses for perennial plantations in the Chuy Region in 2022-2024 (KGS)

Income, KGS
Perennial plantations
2022 2023
apple 4,575,100 3,937,850
pear 213,200 307,150
plum 531,400 593,450
cherry 876,450 1,012,200
sweet cherry 216,650 130,300
apricot 169,500 167,600
peach 2,400 14,900
others (cherry plum, etc.) 2,400 1,750
Total 6,587,100 6,165,200

Costs, KGS
2024 2022 2023 2024
4,117,800 5,917,000 3,331,000 3,277,000
249,900 340,000 94,000 94,000
603,250 478,000 392,000 392,000
1,073,300 680,000 616,000 616,000
116,850 38,000 30,000 30,000
151,450 237,000 99,000 99,000
15,150 5,000 10,000 10,000
1,750 3,000 2,000 2,000
6,329,450 7,698,000 4,574,000 4,520,000

Source: compiled by the authors based on data from the Ministry of Agriculture of the Kyrgyz Republic (n.d.)

Table 2 presents data on revenues and costs of
perennial plantations (apple, pear, plum, cherry, sweet
cherry, apricot, peach and other crops) for the period
from 2022 to 2024. The table shows the following data
for each crop. Revenues for 2022, 2023 and 2024 were
calculated using a formula (e.g. for apple trees in 2022,
the gross harvest was 91,502 centners and the price per
unit was set at 50 conventional units):

Revenue,
pple

=91,502x50=4,575,100

The cost of perennial plantations was calculated
based on the area of plantations and a fixed cost per

hectare (e.g. 1,000 conventional units per hectare). A for-
mula for calculating costs (e.g. for apple trees in 2022, if
the area is 5,917 ha and the cost per hectare is 1,000 units):

Cost,,,=5,917x1,000=5,917,000

1

The data demonstrates the profitability of individ-
ual crops and the feasibility of further investment in
certain areas of horticulture.

Table 3 presents data on the profit and efficiency of
perennial plantations (apple, pear, plum, cherry, sweet
cherry, apricot, peach and other crops) for the period
from 2022 to 2024.

Table 3. Profit and economic efficiency of perennial crops in the Chiy Region for 2022-2024
(in thousands KGS and KGS/ha, rounded to the nearest tenth)

Perennial plantations Income, KGS
2022 2023
apple -1,341.9 606.9
pear -126.8 213.2
plum 53.4 201.5
cherry 196.5 396.2
sweet cherry 216,650 100.3
apricot -67.5 68.6
peach -2.6 49
others (cherry plum, etc.) -0.6 -0.3
Total -1,110.9 1,591.2

Efficiency of som/ha

2024 2022 2023 2024
840.8 773.2 1,182.2 1,256.6
155.9 627.1 3,267.6 2,658.5
211.3 1,111.7 1,513.9 1,538.9
457.3 1,288.9 1,643.2 1,742.4
86.9 5,701.3 4,343.3 3,895
52.5 715.2 1,692.9 1,529.8
5.2 480 1,490 1,515
-0.3 800 875 875
1,809.5 855.7 1,347.9 1,400.3

Source: compiled by the authors based on data from the Ministry of Agriculture of the Kyrgyz Republic (n.d.)

Example calculation for apple trees (2022). Profit:

Profit,,.=4,575,100 - 5,917,000=-1,341,900
Efficiency:
P _ —1,341,900 _
Efficiencyapple = BT 773.2

The analysis demonstrated that the profitability of
different crops varied, and not all provided a sustain-
able positive income during the period under review.
For instance, in 2022, negative profit was recorded
for such crops as apple, pear, apricot and peach, due
to high costs and relatively low income. However, by

94

2023-2024, there was an improvement in financial
results, which was due to the modernisation of pro-
duction and increased efficiency of technologies, the
use of new agricultural technologies and, possibly, fa-
vourable weather conditions. The maximum efficiency
indicators in the analysed years were characteristic of
cherries and cherries, which indicates their high finan-
cial attractiveness for further investment in the Chiy
Region. The dynamics of profits and efficiency over the
analysed period is a substantial basis for the formation
of regional programmes to support and develop specif-
ic areas of fruit growing.

It is also worth noting the positive dynamics of
crops such as plums and pears, which initially showed
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moderate profitability, but significantly improved their
positions in 2023 and 2024. Plums, with stable costs,
showed consistent profit growth, indicating the crop’s
high adaptability to regional conditions and the poten-
tial for scaling up production. Despite negative profits
in the initial period, pears became an economically sta-
ble crop by 2023, indicating a potential return on in-
vestment with proper agronomic support. In turn, crops
such as peaches, apricots and others (cherries, etc.)
remain less economically viable. Although there has
been an improvement in indicators in some years, the
overall level of profit and efficiency remains low, which
requires further analysis of the economic feasibility of
their continued cultivation in the region under review.
In addition, the use of profit and efficiency indicators
enables not only current assessment but also planning
of economic results for the future. The analysis suggests
that with the steady introduction of modern agricultural
technologies, such as precision irrigation, biologisation
of farming, and the use of resistant varieties, a signifi-
cant increase in profitability is possible even for crops
that currently seem to be economically unprofitable.
Table 4 presents a correlation analysis between
revenues, profits and efficiency of perennial plantations
for the period from 2022 to 2024. The table presents
correlation coefficients that show the relationship be-
tween various economic indicators for each year.
Income: Reflects the correlation between income in
different years. For instance: The correlation between the
2022 and 2023 earnings is 0.997, indicating a high degree
of correlation between the earnings in these two years.
Profit: Profit margins show the correlation be-
tween profits in different years. For instance: The cor-
relation between the 2022 Earnings and the 2023
Earnings is -0.592, which indicates a weak negative re-
lationship between the 2022 and 2023 earnings.
Efficiency: The correlation between efficiency in
different years shows how stable the economic efficien-
cy indicators are. For instance: The correlation between
Efficiency 2022 and Efficiency 2023 is 0.776, indicating
a moderately high positive correlation.
Correlation between different indicators. The
values of the correlation coefficients range from -1 to
+1. Positive values indicate that the two indicators are
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moving in the same direction, while negative values
indicate an inverse relationship. For example, Revenue
2022 and Profit 2022 have a negative correlation of
-0.846, which may indicate an inverse relationship be-
tween revenue and profit in the first year.

Profit: Profit figures show a high degree of cor-
relation between different years. For example, the cor-
relation coefficient between profits in 2022 and 2023
is 0.984, and between 2023 and 2024 is 0.991, which
indicates the stability of profit dynamics while main-
taining the management and technological policy at
the enterprise.

Efficiency: In contrast to revenue and profit, the
level of correlation between performance indicators
was less pronounced. For instance, the correlation co-
efficients between efficiency in 2022 and 2023 were
0.894, and between 2022 and 2024 0.855. This may be
due to the fact that efficiency is an integral indicator
that depends on many variables: weather conditions,
level of mechanisation, production costs and cost struc-
ture, which reduces the predictability of its fluctuations.

In general, the results of the correlation analysis
confirm the stable dynamics of revenues and profits in
the context of stable technological support, while the
level of efficiency requires a more differentiated ap-
proach to planning. The data presented in the table can
serve as a basis for developing forecasting models and
making strategic decisions in the field of resource plan-
ning, financial management and investment analysis in
the perennial plantations sector. The data obtained are
of high applied value and can be used to build fore-
casting models, as well as to develop investment pro-
jects and state support programmes for the agricultural
sector. Stable relationships between key economic in-
dicators confirm the expediency of integrating statis-
tical methods of analysis into the system of strategic
management of agricultural production. Based on the
analysis, it is recommended to pay more attention to
the management of factors affecting the yield and cost
of production, which will increase the level of efficiency
evenwith limited resources.In addition,the results of the
study can be adapted to the conditions of other regions
with a similar agroclimatic structure, which expands
the scope of their application and scientific significance.

Table 4. Correlation analysis of revenue, profit and efficiency of perennial plantations (2022-2024)

Income

Name
2022 2023 2024 2022
'"C:(;'Z':“ 1 0.997434116 | 0.997819172 | -0.846147469
'"C:(;'Z':“ 0.997434116 1 0.999882883 | -0.812215052
'"C;’(;'Z': of 0997819172 0.999882883 1 -0.814563021
P’Z":zt;f -0.846147469 | -0.812215052 | -0.814563021 1
Profit of
sops | 0919425132 0.94397262 | 0.940750247  -0.592032868
Profit of
oz | 0952758633  0.97135938 0969546951 -0.656398594

Profit Efficiency

2023 2024 2022 2023 2024
0.919425132 | 0.952758633 ' -0.181387501 @ -0.32322199 | -0.288174244
0.94397262 | 0.97135938  -0.195861817 @ -0.32865571 | -0.292328653
0.940750247 | 0.969546951 | -0.196259129  -0.335186393 | -0.297735392
-0.592032868 | -0.656398594 = 0.277157172 | 0.313607104 | 0.322790943
1 0.994116137 | -0.159002475 | -0.245643012 | -0.205726993
0.994116137 1 -0.169757591 | -0.288662766  -0.244887716
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Income
Name
2022 2023 2024 2022
Efficiency | 191387501 -0.195861817 -0.196259129 0277157172
of 2022
Efficiency | 37322199  -0.32865571  -0.335186393 0313607104
of 2023
Eff'cz'g::y -0.288174244 | -0.292328653 | -0.297735392 | 0.322790943

Source: compiled by the authors

Table 4. Continued

Profit Efficiency

2023 2024 2022 2023 2024
-0.159002475 | -0.169757591 1 0.776644504 | 0.834519326
-0.245643012 | -0.288662766 | 0.776644504 1 0.98997595
-0.205726993 | -0.244887716 0.834519326 = 0.98997595 1

Table 5. Correlation analysis of area, gross harvest and yield of perennial crops (2022-2024)

2022
Name
Area Gross Yields Area
revenue
Area of 2022 1 0.992223001  -0.079765936 0.994722027
Gross
collection | 0.992223001 1 0.025458512 = 0.999050476
2022
Yield per
hectare -0.079765936 = 0.025458512 1 -0.013627645
2022
Area of 2023 0.994722027 @ 0.999050476 | -0.013627645 1
Gross
collection | 0.980865009 0.996656165 | 0.066940179 | 0.994248194
2023
Yield per
hectare 0.081107004 0.177223789 = 0.920010452 @ 0.138426527
2023
Area of 2024 0.994277347 | 0.999144384 | -0.010359902 0.999989495
Gross
collection | 0.980867086 @ 0.996813984 @ 0.06309829 @ 0.994796068
2024
Yield per
hectare 0.076359908 | 0.176776488 | 0.929733425 | 0.13887889
2024

Source: compiled by the authors

Table 4 shows the correlation between revenue,
profit and efficiency for each year, which identified how
changes in one indicator can affect the others. Correla-
tion gives an indication of how strongly two indicators
are related to each other but could not determine cause
and effect. An example of a positive correlation is effi-
ciency in 2022 with efficiency in 2023 (r=0.776), which
means that higher efficiency in one year is associated
with higher efficiency in the following year.

Table 5 presents a correlation analysis between the
area, gross harvest and yield of perennial plantations
for the period from 2022 to 2024. The table presents
correlation coefficients that show the relationship be-
tween these indicators for different years.

Area: Reflects the relationship between the area
of perennial plantings in different years. For example:
The correlation between the area in 2022 and the area
in 2023 is 0.9947, indicating a strong positive correla-
tion, i.e., changes in the area in 2021 are strongly relat-
ed to changes in 2023.

Gross yield: Shows the correlation between
gross revenue in different years. For instance: The cor-
relation between the gross collection in 2022 and the
gross collection in 2023 is 0.9967, which indicates a

926

2023

Gross
revenue

0.980865009

2024

Gross
revenue

0.980867086

Yields Area Yields

0.081107004 = 0.994277347 0.076359908

0.996656165 = 0.177223789 = 0.999144384 | 0.996813984 0.176776488

0.066940179 | 0.920010452 | -0.010359902 | 0.06309829 | 0.929733425

0.994248194 | 0.138426527 | 0.999989495 | 0.994796068 | 0.13887889

1 0.228852348 | 0.994691998 | 0.999851324 | 0.230001785

0.228852348 1 0.141811692 = 0.220543555 = 0.99747342

0.994691998 0.141811692 1 0.995234776 = 0.142409385

0.999851324 ' 0.220543555 = 0.995234776 1 0.222667385

0.230001785 | 0.99747342 | 0.142409385 | 0.222667385 1

high positive correlation between the collections in
these two years.

Yield: Reflects the correlation between yield per
hectare in different years. For example: The correlation
between the 2022 yield and the 2023 yield is 0.9200,
which indicates a high degree of positive correlation
between the yields in these two years.

Correlation between different indicators: The
correlation between Area and Gross Collection in dif-
ferent years also shows a strong positive relationship.
For example, area in 2022 and Gross Revenue in 2022
correlate 0.9922, indicating a strong relationship be-
tween these indicators.

The correlation between gross harvest and Yield
for 2022 was 0.025, which indicates a weak relation-
ship between these indicators.

Table 4 demonstrates the relationship between
area, gross harvest and yield for each year. This identi-
fied how changes in one indicator can affect the others,
for example, how an increase in area can affect gross
yield and yield. Positive values of correlation coefficients
(close to 1) indicate that an increase in one indicator is
associated with an increase in the other, while negative
values (close to -1) indicate the opposite relationship.
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In some cases, an increase in area is not accompa-
nied by a corresponding increase in yield, which indicates
the importance of introducing innovative approaches
such as drip irrigation, selection of high-yielding varie-
ties, and improvement of soil fertility. This highlights the
need for comprehensive management of factors affecting
yield. Thus, correlation analysis not only reveals statis-
tical links between key production indicators but is also
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used for making informed decisions when planning the
development of perennial crops in the context of climate
and economic change. For a more visual interpretation of
the relationship between income and profit of farms for
2022-2024, a logistic regression model was constructed.
This model divided farms into two groups according to
their level of efficiency, using income and profit values as
classification criteria. The results are visualised in Figure 1.
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Figure 1. Logistic regression (income and profit classification) for 2022-2024

Source: compiled by the authors

Figure 1 shows a logistic regression model that
classifies farms according to two economic indicators:
income (X-axis) and profit (Y-axis). The coloured back-
ground of the graph shows the model’s decision bound-
aries: the blue area corresponds to one class (e.g. less
efficient farms), and the red area to another (e.g. more
efficient farms). Each point on the chart represents a
single observation. The colour of the point indicates the
class to which the point belongs based on its income
and profit values. Thus, the logistic regression model di-
vides the sample into two groups and shows the areas

of difference. This visualisation can be used to analyse
the efficiency of farms based on income and profit for
the period 2022-2024.

In addition to the previous classification model,
an alternative version of the logistic regression mod-
el based on two generalised attributes was built. This
model analysed the division of the sample under con-
ditions of a different distribution of data, simulating
differences between groups of farms in terms of effi-
ciency, profitability or profitability. The visualisation is
shown in Figure 2.
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Figure 2. Logistic regression (alternative distribution) for 2022-2024

Source: compiled by the authors

Figure 2 visualises the results of applying a logistic
regression model for the two-dimensional classifica-
tion of data with the alternative distribution. The two
clusters of points on the graph correspond to two dif-
ferent classes of objects, conventionally designated by
colours: one class is red, the other is blue. These classes
may represent, for example, farms with different de-
grees of efficiency, profitability or income levels. The
coloured background shows the areas of space in which
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the model assigns objects to one class or another. The
boundary between the colours is the decision boundary
constructed by the logistic regression model. It shows
the values of the two features at which the model
changes its decision about whether an object belongs
to a particular class. The axes of the graph are labelled
Feature A and Feature B, but in an applied context, the
axes can be interpreted as any economic, agricultural or
social indicators (e.g. income and profit, crop area and
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yield, cost level and profitability, etc.). Thus, Figure 2
demonstrates the visual ability of logistic regression to
classify objects based on two features and can be used
for visual analysis of the effectiveness of separation in
economic research.

Table 4 shows the relationship between area, gross
harvest and yield for each year. This part of the chart
shows strong correlations between area and gross har-
vest, as well as between yield and gross harvest, which
helps to understand how changes in area or yield affect
the total harvest. The construction of diagrams based
on the results of the correlation analysis demonstrat-
ed the dependencies between the main economic and
agricultural production indicators of perennial planta-
tions. The value of graphical interpretation lies in the
ability to visualise how a change in one parameter af-
fects the others, which contributes to a more accurate
understanding of cause-and-effect relationships and
the development of informed management decisions.

The results of the analysis showed a pronounced
positive correlation between revenues and profits
throughout the entire period under study (2022-2024),
which indicates a direct impact of revenue growth on
profit growth. This emphasises the importance of an ef-
fective pricing and sales policy in ensuring sustainable
profitability of perennial crop production. At the same
time, the study noted that the correlation between the
level of efficiency (profit per hectare) and other indica-
tors is less pronounced. This may be due to the multi-
factorial nature of efficiency formation, including not
only financial parameters but also agrotechnical, or-
ganisational and natural and climatic conditions.

The analysis also confirmed the existence of a sta-
ble positive correlation between the area under cul-
tivation and gross yield, which logically reflects the
quantitative side of production. However, yield had a
decisive influence on gross harvest, demonstrating a
strong correlation with the total volume of production.
This highlights the need to focus more attention on
increasing yield per hectare using resource-saving and
innovative technologies. Thus, increasing crop yields,
rational management of cultivated areas and the use
of modern agricultural techniques are key factors de-
termining the growth of gross harvest and total profits
from fruit production in the Chiy Region.

The results of the study emphasise the importance
of the relationship between revenues, profits and the
efficiency of perennial crops. The high correlation be-
tween revenues and profits confirms the importance of
revenue management for improving the overall profit-
ability of agricultural production. It also points to the
need to improve market strategies aimed at increas-
ing revenues, which can be a major driver of economic
growth in agriculture. Nevertheless, the results also
demonstrated that the efficiency of perennial planta-
tions does not always correlate directly with revenues
and profits. This may reflect the complexity of economic

processes in the agricultural sector, where other factors
such as seasonal fluctuations, commaodity price volatil-
ity or climatic conditions can significantly affect finan-
cial performance. Efficiency could depend on a variety
of other variables such as management technology, la-
bour quality and inputs used in the production process.

Furthermore, the correlation between area and
gross harvest demonstrates a direct correlation: an in-
crease in planted area leads to an increase in gross har-
vest. This confirms the hypothesis that expanding the
area under perennial crops can significantly increase
production. However, it is worth noting that an increase
in area may also be associated with additional costs for
the maintenance and cultivation of these lands. There-
fore, the expansion of the area must be balanced with
improvements in technology to optimise costs and in-
crease overall production efficiency.

Yields, as an important factor, also demonstrated a
significant impact on gross harvest. This underlines the
importance of introducing innovative technologies to in-
crease productivity per hectare, which will be a key factor
in increasing production without significantly increasing
the area. Based on the results obtained, it is possible
to conclude that successful management of perennial
plantations requires an integrated approach, including
both increasing the area and increasing yields using
modern technologies. However, these changes must be
balanced with economic feasibility, which requires ad-
ditional research and consideration of many factors.

Conclusions

The results of the study confirm the existence of a di-
rect positive correlation between income and profits
from perennial crops in the Chly Region for 2021-2023.
This highlights the importance of effective income
management as a key factor in improving the overall
profitability and financial sustainability of agricultural
holdings in a changing climate. The analysis showed
that increasing the area of perennial crops directly
contributes to the growth of gross harvest. Expanding
the area remains an important direction for increas-
ing production volumes. However, in the context of
global climate change, achieving maximum economic
efficiency requires not only extensive growth but also
the introduction of advanced agricultural technologies
that reduce costs and adapt to climate risks. The study
established that the yield of perennial crops has a sig-
nificant impact on total gross harvest. Increasing yields
per hectare without the need for significant expansion
of the area improves the efficiency of the use of avail-
able resources, optimisation of production processes
and reduction of costs, especially in conditions of un-
stable climatic conditions.

To sustainably increase the profitability and ad-
aptability of perennial plantations, an integrated ap-
proach is required, combining increased areas, higher
yields and the use of modern agricultural technologies.
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This approach ensures an optimal balance between
costs and profits, which is especially important in the
context of global climate and economic challenges. It
is recommended to conduct further research aimed at
a deeper study of the impact of external factors, in-
cluding climate change, market fluctuations and poli-
cy changes, on the efficiency of perennial plantations.
This will improve the accuracy of economic forecasts
and adaptation strategies.

Thus, to achieve high profitability and sustainability
of the agricultural sector in the context of global cli-
mate change, it is necessary to combine the expansion
of perennial plantations with increased yields through
the introduction of innovative technologies. The inte-
grated management of production parameters forms
the basis for improving the overall economic efficiency
and sustainable development of agriculture. For future
research, it may be useful to conduct a more detailed
analysis of the factors affecting efficiency, as well as
consider the impact of climate and market conditions

Esenbek Belek uulu et al.

on financial performance. This will improve recommen-
dations for the agricultural sector and identify optimal
strategies to improve the economic sustainability of
perennial plantations.
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AHHoTaumsA. KnMMaTTbIH )XaHa 3KOHOMMKANbIK WapTTapAblH ©3repyLIyHYH WapTbiHAA akibln Yapba pecypcTapbiH
nanfanaHyyHyH HaTblianyynyryH 6aanoo 6apraH caibiH MaaHunyy 6onyn 6apatar. Makana 2022-2024-xbingap
apanbirbiHaa Keiprbiz PecnybnvkacbiHbiH Yy 061acTbiHAA KON XKbINAbIK 8CYMAYKTOAYH aSHTbIHbIH, AYH Kbl AbIMbIHbIH
XaHa MOMe-XeMWL 6CYMAYKTOPYHYH TYLUYMYHYH OpTOCYHAArbl 6aiNaHbIWTbiH 3KOHOMUKANbIK KOPPEeNSaUUsbIK
aHanM3MHe apHanraH. M3mnaeeHyH MakcaTbl perMoHAYH aibln Yapba CEKTOPYHYH HATbIMXaNyyayryH )Xoropynartyyra
BarbiTTanraH 4yeuyMmaepiu HErmMs3nee YYYH HeruMsrm eHAYPYWTYK >XaHa 3SKOHOMMKANbIK KepCOTKYYTepAYH
OpTOCYHAArbl CTaTUCTMKANbIK BainaHblWTapabl aHbIKTOO 60nyn caHanat. M3unneeHyH MeTOA0N0MMSNbIK Hernsu
pacMuit CTaTUCTUKANbIK MaanbiMaTTapabl UWTEN YbITyyHY, [TMPCOHAYH CbI3bIKTYY KOppensuuns KosdhduULuMeHTTepHH
KONAOHYYHY >KaHa HaTblMKanapabl BM3yanAalTbipyyHy KamTblAbl. TanAoo asHTTapAbiH, AYH KblbIMAAPAbIH,
TYLWYMAYYAYKTYH, KMPELIEHWH, YbiralaHbliH, NakAaHbiH XaHa 3GdeKTUBAYYIYKTYH KOPCOTKYYTOPYH KaMTbIraH
aHapnyy XXeMuW ecyMAYKTepy (anMa, anMypyT, Kapa epyk, anya, anya, abpukoc, wabaansl) 600HYa MaanbiMaTTap
KaMTbIaraH. Hernsrm XblAbIHTbIKTap alAA,00 asHTbIHbIH KbICKapYyCy MEHEH Aa TYLYMAYYAYKTYH XXaHa AYH Kbl AbIMIbIH
TYPYKTYY OCYLWYH KepceTTy, byn 6arbaHublNbIKTbIH MHTEHCUBAYY MOAENVHE Kapal TeHAEHUMSHbI YarbiiabipaT.
ASHT MeHeH AYH XblvibiM (r>0,7), OWOHAON 3n1€e AYH XbIibIM MeHeH Tywymayynyk (r> 0,8) optocyHaa )oropky
OH, Koppensguusnap 6enrnneHreH. Kupele MeHeH nanaaHbliH OPTOCYHAArbl Ty346H-Ty3 OainaHbIlW A3 aHbIKTaNAbl,
6yn GUHAHCLIBIK pecypcTapabl 6alwkapyyHyH MaaHWAYYAyryH TacTbikTagbl. OWwon ane yuypaa HaTblAxKanyynykTyH
[LeHrd3/M ancbi3blpaak Ke3 KapaHAbUIbIKTbl KepceTTy, Oyn aHblH KanbIMTaHbIWbIHbIH Ken (akTopayynyryH
KepceTeT. M3unaeeHyH MNpaKTUKaNblK MaaHWCKM aHblH KbIAbIHTBIKTAPbIH  TYWYMAYYAYKTY >KOropynaTtyyra,
YbIrbIMAAPAbI ONTUMANAALWTBIPYYra aHa 3aMaHban arpoTexHonornanapAbl KoagoHyyra 6acbiM »acoo MeHeH
Kemn XblablK 6arbaHybINbIKTbIH peHTabenayynyryH xoropynatyy 60tHYa perMoHAyK nporpamMManapibl uwTen
YbIryy YYYH nanpanaHyy MyMKYHUYyayryHAe TypaT. AnblHraH HaTblikanap arnbin yapba npakTMkacbiHa Tangoo
XYPTY3YYHYH CTaTUCTUKANbIK biIKManapblH MHTErPaLMSNO0HYH MaaHunyynyryH 6aca 6enruneit, 6yn eHOypywWwTyH
ydyypaarol abanbiH parbl Tak 6aanooro raHa 3Mec, pecypCTapAbl HaTbiikanyy 6awkapyyHyH 6omkonayy
MoAenaepuH KanbiNTaHAbIpyyra MyMKYHAYK 6epeT. OweHTun, usnnnee arpoTexHuKanbiK, 3KOHOMMUKANbIK XKaHa
aHaNUTUKANbIK KOMMNOHEHTTEPAN KaMTbIraH KOMMIEKCTYY MaMUiieHM mLiKe awwbipyy Yy 06nacTeiHAa XaHa ylyn
CbISIKTYY arpoknMMatTbik 30HanapAa 6arbaHybINbIKTbIH TYPYKTYYAYIYH XaHa aTaaHAALTbIKKA XeHAeMAYYAYTYH
YKOrOpynaTyyHYH HErM3ru WapTbl SKEHWH KepceTyn TypaT

Herusru ce34ep: arpo3KOHOMUKabIK Tanaoo, XeMull oeCcyMAYKTepy, CTaTUCTUKAbIK 6al7lﬂaHbILIJTap;

OHAYPYLWTYH peHTabenayynyry; KniMMaTTbik GakTopiiop; arpoTeXHONOMUAbIK 3hhEKTUBAYYIYK; KOPPENALMUANbIK
K3 KapaHAblIbIK
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AHHoTauusA. AHann3 pe3ynbTaTMBHOCTM NPUMEHEHUS arpapHbIX PeCcypcoB CTAHOBUTCS OCOOEHHO BaXKHbIM Ha
(hOoHe TeKyLMX KAMMATUYECKMX M 3KOHOMMYeckux TpaHchopmauuin. B paboTe paccMoTpeHa KoppensuMoHHas
B3aMMOCBSI3b MeX/y NokasaTensMu NaoLaan cafos, ypoOBHEM ypOXKalnHOCTU M 06beMOM BanoBoro cbopa nioaoBbIxX
KynbTyp B Yyiickor obnactu Keiproizckoi Pecnybnvku 3a nepuon 2022-2024 rr. iccnepoBaHue 66110 HanpasieHo
Ha yCTaHOB/IEHWE CTaTUCTUYECKMX KOPPEeNSLMIA Mexay OCHOBHbIMM NOKa3aTensiMvM NpOM3BOACTBA M SKOHOMUYECKOM
pe3ynbTaTUBHOCTYM AJ11 000CHOBAHUS peLleHuWid, HanpaB/ieHHbIX Ha NOBbIWeHWe 3hdEeKTMBHOCTM arpapHOro CeKTopa
pernoHa. B nccnepoBaHum ncnonb3oBanncb oduumanbHble CTaTUCTUYECKME CBeAEeHUs, pacyeT Ko3hdULMEHTOB
MMpcoHa AN BbISIBNEHWUS NIMHEWHbIX 3aBUCMMOCTEM, @ TakXKe BM3yasbHble MeToAbl NpeAcTaBfeHUs AAHHbIX.
AHanu3 oxBaTblBaN AaHHble MO CEMEYKOBBIM M KOCTOYKOBbIM KynbTypaMm (9610HS, rpyLia, CInBa, BULLHS, YepeLUHs,
abpwukoc, nepcuk), BKOYas nokasatenu niaowaam, Banosoro cbopa, ypoxKanHoCT1, LOXOAOB, 3aTpaT, NpubbIIU 1
3bdeKTMBHOCTU. AHaNM3 NPOLEMOHCTPUPOBaN CTabunbHOe yBennMveHMe nokasaTtesieil ypoXKalnHoCTU 1 BanoBOro
obbemMa npu yMeHbLUEHUM MOCEBHbIX MAOLWAAEN, YTO YKa3blBaeT Ha BHeapeHWe Oosee MHTEHCMBHOM MoLenu B
capoBoAacTBe. bbiin ycTaHOBNEHbI BbICOKME MONOXMTENbHbIE KOPPENsSLMU MeXAy NIoWwaabio 1 BanoBbiM c6opoMm
(r>0,7), a TakxXe Mexay BanoBbiM cOOPOM 1 ypoxkanHocTbio (r>0,8). Takxke Hbina BbisBAEHA NpsMas 3aBUCUMMOCTb
MexAy [,0X04aMU U MPUObINbIO, YTO NOATBEPXKAAN0 3HAYMMOCTb YNpaBAeHns PUHAHCOBLIMM pecypcaMu. BToxe Bpems
ypoBeHb 3 HeKTMBHOCTM AEMOHCTPUPOBan 6onee cnabyto 3aBUCMMOCTb, CBUAETENBCTBYHOLLYIO O MHOTO(aKTOPHOM
xapaktepe ero GopMupoBaHus. lonyyeHHble AaHHble MOryT ObiTb MPUMEHEHbl NPWU CO34AHUM PEermoHabHbIX
CTpaTerui, Hanpas/ieHHbIX HA NOBbILIEHWE SKOHOMUYECKON OTAAYM MHOFONIETHUX MAOA0BbLIX KY/JbTYp, C aKLLEHTOM
Ha MOBbILIEHNE YPOXKANHOCTH, ONTUMM3ALMIO 3aTPaT U MPUMEHEHME COBPEMEHHbIX arpoTeXHONOorMi. lNonyyeHHble
pe3ynbTaTbl NOAYEPKHYNMU BAKHOCTb MHTErpaLMM CTAaTUCTUYECKUX METOLO0B aHanu3a B arpapHyl MpakTuKy, YTo
MO3BOJSIET HE TONbKO TOYHEee OLEeHMBATb TeKyllee COCTOSIHME MPOM3BOACTBA, HO M GOPMMPOBATL NMPOTHO3HbIE
mMogenu Ans 3GQeKTMBHOrO ynpaBieHWs pecypcamMu. Takum obpasoM, MccnefoBaHWe NpOAEMOHCTPUPOBAno,
4YTO BHeLpEeHMEe KOMMIEKCHOro MOAXOAa, BK/KYAMOLWEro arpoTexHUYeckne, SKOHOMUYECKME WU aHANUTUMYeCKMe
KOMMOHEHTbI, IBNSETCS KNOYEBbIM YCIOBUEM MOBbILLEHWUS YCTOMYMBOCTU U KOHKYPEHTOCMOCOOHOCTM Caf0BOACTBA
B ycnoBuax Yyinckorn 061actv M aHanormyHbIX arpokIMMaTUYeCcKUX 30H
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