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by harvesting 1 m? plots and then converting to hectare. Water use was measured using Delta-T Devices soil
moisture meters (10, 20 and 30 cm depths). Water use efficiency (WUE) was calculated as the ratio of crop yield
to water use. Crop conditions were monitored using DJI Agras T30 drones and Sentinel-2 satellite imagery. The
results of the study confirmed the high performance of sorghum and pearl millet under drought conditions.
Sorghum showed the highest yield of 4.2 tonnes/ha due to its well-developed root system and ability to use
moisture efficiently. Millet showed the best WUE - 0.9 kg/m* - and the lowest water use (4000 litres/ha), making
it an optimal crop for water-stressed regions. Chickpea, despite its lower yield (1.8 t/ha), proved promising due
to its nitrogen-fixing properties that improve soil fertility. The use of drip irrigation reduced water consumption
by 20-30%, ensuring stable yields even under water deficit conditions. Monitoring using drones and moisture
meters helped to optimise irrigation, improving the accuracy of water management. The study confirmed the
efficacy of sorghum and pearl millet as key crops for arid regions, and the feasibility of integrating drip irrigation
to improve agricultural sustainability. The results of the study provided science-based recommendations for
farmers and policymakers on the introduction of drought-resistant crops and modern agricultural technologies
in Kyrgyzstan, which will contribute to food security and sustainability of the agricultural sector under climate

change conditions
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INTRODUCTION

In the Kyrgyz Republic, agriculture contributes a sig-
nificant share of the economy and food security. How-
ever, climate change poses serious challenges for the
agricultural sector, including droughts, reduced water
resources and soil degradation. These factors necessi-
tate the adoption of adaptation technologies to main-
tain agricultural productivity and ensure food security.
Climate change poses serious threats to agriculture in
Central Asia, particularly in Kyrgyzstan, due to increased
droughts, shrinking water resources and soil degrada-
tion (Mukambaeva et al., 2024). According to the Inter-
governmental Panel on Climate Change, global warm-
ing could lead to a 10-30% reduction in the yield of the
region’s main crops by 2050. In Kyrgyzstan, wheat yields
have already fallen by 15% over the past decade due to
reduced rainfall. Water scarcity continues to increase:
the availability of water resources in Central Asia has
decreased by 20% over the past 20 years. In such cir-
cumstances, the introduction of adaptation technolo-
gies, such as the cultivation of drought-tolerant crops
(sorghum, chickpea and millet), is key to ensuring food
security and the sustainability of the agricultural sector.

The Food and Agriculture Organisation of the Unit-
ed Nations is actively implementing measures to sup-
port the adaptation of Kyrgyzstan’s agriculture to cli-
mate change (Kadyraliev et al., 2024). In particular, the
Food and Agriculture Organisation is promoting the in-
troduction of drought-tolerant crops such as sorghum,
chickpea and millet, which can provide stable yields
under climate stress. The organisation is also improving
water management practices by introducing modern ir-
rigation systems that minimise water loss. In addition,
the Food and Agriculture Organisation implements
programmes to train farmers in climate-resilient tech-
nologies and provides access to financial instruments
to support innovative approaches to agriculture (She-
banina et al.,2024). These measures aim to increase the

resilience of the national agricultural sector and ensure
its productivity in the face of climate change.

Modern adaptation strategies include the wide-
spread use of digital technologies, such as mobile apps
for weather forecasting and crop monitoring. Precision
farming can be used to optimise the use of water, fertil-
isers and plant protection products, which significantly
increases yields even in adverse conditions (Pichura et
al., 2024). Another important area is the cultivation of
drought-tolerant crops that can provide stable produc-
tivity with limited resources.M.del Mar Polo et al. (2022)
discussed the possibilities of introducing climate tech-
nologies into the agricultural sector of Kyrgyzstan.
The authors analysed the prospects for investment in
drought-resistant crops, efficient water management
and optimisation of agricultural processes. Barriers to
innovation, such as insufficient access to finance for
small farmers, and ways to overcome them, were em-
phasised. The study by P. Khakimov (2019) addressed
the general trends of climate change in Central Asia,
including Kyrgyzstan, Afghanistan and Tajikistan. The
author analysed adaptation policies that promote in-
novation, emphasising the need to develop local strat-
egies to ensure agricultural sustainability in the region.

L. Liang et al. (2021) assessed the vulnerability of
Kyrgyzstan's agricultural systems to droughts, focus-
ing on the need to grow drought-resistant crops and
adopt efficient irrigation methods. These findings are
complemented by S. Park et al. (2021) in a study on the
impact of climate change on the suitability of land for
agriculture. The authors propose scenarios for future
land use with a focus on maintaining the productivity
of the agricultural sector. B. Emileva et al. (2023) inves-
tigate the role of digital technologies in improving the
accuracy of climate change perceptions among farm-
ers in Kyrgyzstan, Mongolia and Uzbekistan. The results
highlight the importance of mobile apps for accessing
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weather information and supporting decision-making
in the face of climate challenges. I. Chumarev (2023)
also analysed the technical and economic aspects of
establishing a Central Asian drought monitoring system
that contributes to climate risk forecasting and rational
resource use.

T. Thomas et al. (2021) analysed the forecasts of
production of major crops in Central Asia, considering
climate change, and justified the need to implement ad-
aptation strategies. In turn, K. Keneni (2022) and P.Juy-
al (2021) addressed the role of drought-tolerant crops
and biotechnology in increasing agricultural resilience,
which is essential for food security. Despite significant
progress in the introduction of climate technologies,
the issue of local adaptation strategies, particularly the
introduction of drought-tolerant crops, remains insuf-
ficiently studied in Kyrgyzstan. The limited amount of
empirical data makes it difficult to assess their effec-
tiveness in the face of climate change, which is a key
issue for the national agricultural sector. Cultivation of
crops such as sorghum, chickpea and millet could be a
promising strategy to increase the resilience of agricul-
tural systems to droughts and other climate stresses.

The study aimed to scientifically analyse the effi-
ciency of growing drought-tolerant crops such as sor-
ghum, chickpea and millet in an experimental field in
the Kyrgyz Republic. The study analysed agronomic pa-
rameters such as yields, water consumption and resil-
ience to adverse climate change conditions, as well as
the economic feasibility of their implementation.

MATERIALS AND METHODS

The study was of empirical and experimental nature,
aimed to analyse the efficiency of growing drought-tol-
erant crops in the face of climate change. The field
experiments were conducted during two growing sea-
sons, from April 2023 to October 2024, at an experi-
mental field in the Kyrgyz Republic. Data were collected
through field experiments on the cultivation of three
drought-tolerant crops: sorghum, chickpea and millet.
All ethical standards set by the Convention on Bio-
logical Diversity (1992) and the Convention on Inter-
national Trade in Endangered Species of Wild Fauna
and Flora (1973) were followed during the study, which
ensured compliance with the principles of sustaina-
ble plant use. Each crop was sown on separate plots
divided by soil type and irrigation conditions. The ex-
periment was conducted on a representative sample of
areas, including 15 plots with a total area of 1.5 hec-
tares, which was used to address the variability of soil
and climatic conditions in the region. When selecting
plots, three types of soil typical for the region were
considered: loamy, sandy and sandy loam, which was
used to analyse the adaptive properties of crops in
different conditions. The size of each plot was 0.1 hec-
tares, which provided sufficient area to obtain reliable
data for each variant of conditions. Crops were selected
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based on their relevance to dry conditions and prelim-
inary studies confirming their adaptive properties. The
irrigation conditions varied, with one group of plots us-
ing drip irrigation while the other relying on traditional
methods such as surface and furrow irrigation, allowing
for a comparative analysis of the effectiveness of the
irrigation systems. Standard agronomic methods were
used to measure key parameters such as yield, water
consumption and resilience to climate stress.

Yields were determined by harvesting 1 m, control
plots and then calculating the weight of the crop per
hectare. Soil moisture was measured using soil mois-
ture meters at depths of 10, 20 and 30 cm. Leaf area
was calculated using the weight proportion method, in
which dried leaves were weighed and their area was
determined using the correlation formula between
weight and area (1):

WX As
A= v @
where A - total leaf area (cm?); W - mass of fleshly har-
vested leaves (g); As — area of sample part of the leaves
(cm?); Ws — weight of sample part of the leaves (g).

The amount of precipitation was recorded using
a weather station installed in the experimental field,
which also provided data on air temperature and hu-
midity. Plant heights were measured manually using a
tape measure from the early stages of growth to the
harvest period. All parameters were recorded weekly for
further analysis of crop development dynamics. Quan-
titative methods were used to analyse agronomic pa-
rameters, including statistical calculations of average
yields and water consumption for each crop. To assess
plant resistance to drought, the WUE calculation meth-
od was used to compare the water use efficiency of dif-
ferent crops:

WUE = y (2)
where x — water consumption (m3/ha); y - yield (kg/ha).

The cost-effectiveness of cultivation was analysed
using the cost-benefit method [3]:

CBA =2, (3)

where CBA - coefficient of economic efficiency of culti-
vation; a - costs; b — income.

This method involved calculating the costs of seed,
fertiliser, irrigation and other inputs, as well as the pro-
jected profit from the sale of the crop. The obtained
data were compared with yield, resistance to unfa-
vourable climatic conditions, cultivation and process-
ing costs, and market value of products to identify the
most promising crop in terms of economic feasibility.
Comparison of water use statistics of sorghum, chick-
pea and pearl millet with traditional crops in the re-
gion such as wheat, barley and maize were compared




(Pashchenko, 2024) and the economic benefits of
the plants were also compared (State Programme
for..., 2017). These crops were selected due to their
importance for agriculture in the region: wheat, bar-
ley and maize are the main food security crops, while
sorghum, chickpea and millet are considered promising
drought-tolerant alternatives. The comparison made it
possible to determine their economic efficiency under
the conditions of water scarcity characteristic of the re-
gion and to identify the most climate-resilient crops.

The study applied modern agronomic and digi-
tal technologies, including drip irrigation for ration-
al water use, mulching to conserve soil moisture and
organic fertilisers to improve soil fertility. The use of
DJI Agras T30 drones (5 units, manufactured in China),
Sentinel-2 satellite imagery (European Space Agency)
and Delta-T Devices soil moisture meters (5 units, man-
ufactured in the UK) provided accurate monitoring of
crop health and irrigation control, increasing the resil-
ience of agricultural systems to climate change. Possi-
ble limitations of the methods used include measure-
ment errors that may arise from technical limitations
of the equipment used or human error in data collec-
tion. In addition, the results could be affected by exter-
nal factors, such as weather anomalies, sudden chang-
es in temperature, abnormal precipitation or droughts,
which could alter crop growth and productivity. These
limitations should be addressed when interpreting the
data and appropriate adjustments should be made to
improve the accuracy of the conclusions. The inter-
pretation of the results was based on an analysis of
a combination of agronomic and economic indicators.
The data were compared between crops to determine
the most adapted to climate change conditions. The
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results were also compared with previous studies to
verify the validity of the findings.

RESULTS

Agronomic characteristics of the crops under study
Field experiments conducted in the Kyrgyz Republic
during two growing seasons showed that sorghum
demonstrated the highest yield among the crops stud-
ied - 4.2 tonnes/ha. This is due to its ability to adapt
to different soil types and effectively utilise available
moisture. Millet yielded 3.6 t/ha, which was the sec-
ond-best result, but due to its lowest water use among
all crops, it is a very promising crop. Chickpea showed
the lowest yield of 1.8 t/ha, probably due to its sensitiv-
ity to high temperatures during flowering. These results
emphasise the differences in the adaptation mecha-
nisms of the crops under study, including the ability of
sorghum and pearl millet to produce yields even under
a limited water supply.

The three types of soil studied in the experiment
differed significantly in their physical and chemical
characteristics, which assessed the adaptive properties
of sorghum, chickpea and millet in different conditions.
Due to its high moisture capacity and fertility, loamy
soil creates favourable conditions for crop growth even
with limited rainfall. Sandy loam soil is characterised
by low moisture capacity, but its lightness and good
aeration ensure optimal development of the root sys-
tem. The sandy soil, with minimal moisture retention
capacity, modelled the extremely dry conditions typical
of some areas of the region. This approach identified
how the crops under study adapt to different soil types
and to determine their potential for use in conditions of
water scarcity (Table 1).

Table 1. Influence of soil type on the yield of the studied crops

Crop Loamy soil (t/ha) Sandy loam soil (t/ha) Sandy soil (t/ha)
Sorghum 4.5 4 3.5
Chickpea 2 1.8 1.5

Millet 3.6 3.8 3.2

Source: compiled by the authors

Sorghum showed the highest yields on loamy soil
due to its high-water capacity, which provides the plant
with the necessary moisture throughout the growing
season. Chickpea also showed the best results on loamy
soil, which creates optimal conditions for growth and
promotes its ability to fix nitrogen, improving soil fertil-
ity. This feature makes chickpeas valuable for integra-
tion into crop rotations. Millet, due to its adaptability to
limited resources, grew most efficiently on sandy loam
soil, where its yields remained consistently high. On
sandy soil, all crops showed a decrease in productivity
due to their low water-holding capacity, but millet was
better adapted to these extreme conditions.

Sorghum, chickpea and millet showed different
growth characteristics in the dry climate. Sorghum was
distinguished by its powerful root system, which allows
the plant to extract moisture from deep soil layers. The
observations determined that even during periods of
high temperature (up to +38°C), sorghum showed no
signs of stress. Millet showed rapid growth rates in the
early stages of the growing season, which provides
it with an advantage in the short-term availability of
moisture. Due to its short growing season (85 days),
millet completed its development cycle before the on-
set of critical dry periods. Chickpea, despite its relative-
ly short growing season (95 days), was more sensitive
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to high temperatures during flowering, which negative-
ly affected its yield. This highlights the need for further
research into its resistance to heat stress.

The results of the study confirmed the high drought
tolerance of sorghum and pearl millet. Both crops
withstood a reduction in soil moisture levels of up
to 40% of their field capacity. Sorghum showed high
tolerance to prolonged periods of high temperatures

(up to +40°C), making it a suitable crop for growing in
regions with extreme climatic conditions. Millet also
showed considerable tolerance to climatic stresses
due to its low moisture requirements and efficient
utilisation of short-term rainfall. Chickpea, despite
its medium level of tolerance, requires improved ag-
ronomic approaches to increase its tolerance to heat
and water stresses (Table 2).

Table 2. Agronomic characteristics of the crops under study

Characteristic Sorghum Chickpea Millet
Average yield (t/ha) 4.2 1.8 3.6
Duration of vegetation (days) 110 95 85
Water consumption (l/ha) 5,200 4,500 4,000
Resistance to drought High Average High
High-temperature tolerance High Average High

Source: compiled by the authors

The analysis of the data shows that sorghum and
millet are highly adaptable to dry conditions. Sorghum
has the highest yields, which underlines its effective-
ness even under significant climatic stress. Millet, due to
its short growing season and low water requirements,
is @ promising crop for regions with a moisture deficit.
Chickpea shows potential for crop rotation due to its
agronomic characteristics but requires adaptation of ag-
ricultural practices to improve yields in drought condi-
tions. The study of the agronomic characteristics of sor-
ghum, chickpea and millet confirmed their importance
for the adaptation of agriculture in the Kyrgyz Republic
to climate change. Sorghum and millet showed the best
results in terms of yield and resistance to climatic stress,
while chickpea, despite its lower yield, can be useful for
crop rotations. The findings provide a scientific basis for
scaling up the cultivation of these crops to improve food
security and resilience in the region’s agricultural sector.

Efficiency in the use of water resources

Water use efficiency is one of the key parameters for as-
sessing the adaptation potential of crops under drought
conditions. As part of the study, water use of sorghum,
chickpea and millet was analysed and WUE was cal-
culated. This was used to compare the ability of each
crop to form a crop at minimum water use. Sorghum
consumed the most water among the studied crops -

5,200 l/ha, which is due to its intensive growth and
large biomass. Millet, on the other hand, had the lowest
water consumption of 4,000 l/ha, which is a significant
advantage in conditions of water scarcity. Chickpea had
an average of 4,500 l/ha, but its water consumption
was uneven during the growing season, with a peak
during flowering and seed formation.

The data obtained show that the high-water con-
sumption of sorghum is justified by its highest yield
(4.2 t/ha). Millet, despite having the lowest water con-
sumption, showed a significant yield of 3.6 t/ha, indi-
cating its high level of adaptation to dry conditions.
Chickpea, although having an average level of water
consumption, demonstrated the lowest yield of 1.8 t/ha,
which may be due to its insufficient resistance to heat
stress. According to water use efficiency calculations,
millet showed the highest WUE of 0.9 kg/m?, which
confirms its efficiency in converting limited water re-
sources into crop yields. Sorghum had a coefficient of
0.81 kg/m?, which is the second highest considering its
high-water use. Chickpea showed the lowest coefficient
of 0.4 kg/m?, indicating the need to optimise its culti-
vation under water deficit conditions. The water con-
sumption rates of sorghum, chickpea and millet, as well
as their WUE, were used to compare the ability of crops
to produce crops under conditions of limited water re-
sources (Table 3).

Table 3. Indicators of water use and WUE of the studied crops

Crop Water consumption (l/ha) Yield (t/ha) WUE (kg/m?)
Sorghum 5,200 4.2 0.81
Chickpea 4,500 1.8 0.4

Millet 4,000 3.6 0.9

Source: compiled by the authors
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The table shows that millet is the most water-ef-
ficient crop with the highest WUE (0.9 kg/m?) and the
lowest water use (4,000 l/ha), as it provides a stable
yield even with minimal water resources. Sorghum,
despite its higher water consumption (5,200 l/ha),
shows a high yield (4.2 t/ha), making it a productive op-
tion for regions with available water resources. Chick-
pea,with the lowest WUE (0.4 kg/m?), requires addition-
al agronomic measures to increase its productivity. The
behaviour of crops in the process of water consump-
tion also depended on the developmental stage. Sor-
ghum showed stable water use throughout the growing
season due to its deep root system. Millet used water
mainly at the initial stages of growth, which allowed it
to complete the development cycle before the onset of
dry conditions. Chickpeas had a significant peak in wa-
ter consumption during flowering, which created a risk
of crop losses in case of insufficient rainfall.

To assess the adaptive potential of the crops un-
der study, it is important to compare their water re-
quirements with traditional crops in the region, such
as wheat, barley and maize. For instance, wheat con-
sumes about 6,000 l/ha, which is higher than even
sorghum (5200 l/ha), and has an average WUE of
0.7 kg/m3. Maize, with water use of up to 7500 l/ha, has
a WUE of about 0.8kg/m3 but is much less suitable for
regions with limited water resources compared to mil-
let (Pashchenko, 2024). Comparison and analysis of wa-
ter use efficiency confirmed the feasibility of replacing
or supplementing traditional crops with drought-re-
sistant crops, such as sorghum and millet, in the adap-
tation strategies of agriculture in the Kyrgyz Republic.
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In addition to reducing water inputs, this will increase
yields in the face of climate change and improve the
overall resilience of the region’s agricultural systems.

Economic feasibility of growing drought-resistant crops
The cost and profitability analysis of drought tolerant
crops was based on data on the costs of seeds, fertil-
isers, irrigation, crop protection products and labour, as
well as expected revenues from crop sales using the
cost-benefit analysis method. Millet demonstrated the
highest economic efficiency among the crops stud-
ied. The cost of its cultivation was about USD 300 per
hectare, while the profit reached USD 700 per hectare,
which provided a maximum profitability of 133%. Sor-
ghum, although it had higher irrigation and fertiliser
costs (USD 350 per hectare), generated profits of USD
800 per hectare due to high yields, resulting in a 129%
profitability. Chickpea, due to its low yields and uneven
consumption of inputs, showed the least attractive eco-
nomic performance. Its costs amounted to USD 320 per
hectare, while the profit was only USD 400 per hectare,
providing a profitability of 25%.

Compared to traditional crops in the region, such as
wheat and barley, drought-tolerant crops have proven
to be more cost-effective in the face of water scarci-
ty. For example, the cost of growing wheat was around
USD 400 per hectare, while the profit was USD 600, with
a profit margin of 50%. Barley showed a profitability of
45%. This data highlights the significant advantages of
millet and sorghum, which are not only less dependent
on water resources but also provide higher economic
returns (Fig. 1).

Wheat Barley

B Costs (USD/ha)
Profit (USD/ha)

Crops

Figure 1. Economic performance of drought tolerant and traditional crops
Source: compiled by the authors based on the State Programme for the Development of the Agro-Industrial Complex of

the Republic of Kazakhstan for 2017-2021 (2017)

The diagram clearly demonstrates the compari-
son of profitability and costs of growing drought-tol-
erant and conventional crops, confirming the eco-
nomic viability of growing millet in resource-limited
environments, while sorghum can be effective when
sufficient water resources are available. Chickpea re-
quires optimisation of agronomic approaches to in-
crease its economic efficiency. A significant advantage
of drought-tolerant crops is their stable yields even in
extreme drought conditions. While conventional crops

significantly lose productivity when there is a lack of
irrigation, drought-tolerant crops demonstrate adapta-
tion to climate stress, rendering them more attractive
to farmers in arid regions. Based on the analysis, it is
recommended that drought-tolerant crops be gradually
introduced into the region’s agriculture. Millet should
be the main target for scaling up, given its high profita-
bility and low water requirements. Sorghum can also be
widely used in regions with accessible water resources
due to its high productivity.
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Modern agronomic approaches, such as improved
varieties, drip irrigation and optimised plant nutrition,
should be introduced for chickpea. This will increase
its productivity and profitability, therefore competitive
with other crops. Government support is also critical
in encouraging the cultivation of drought-tolerant
crops. This could include subsidies for the purchase of
seeds and equipment, investments in irrigation systems
and training for farmers. Such measures would accel-
erate the region’s transition to adaptive agriculture.
Cost-benefit analyses indicate that pearl millet and
sorghum are more cost-effective than traditional crops
in the region, especially in water-scarce regions. Millet
has better profitability, and sorghum shows significant
potential in regions with available water resources.
Chickpea, although less economically viable, can be
optimised through the adoption of new technologies.
Scaling up the cultivation of drought-tolerant crops,
combined with government support, will contribute to
increasing the resilience of the region’s agriculture to
climate change.

Adaptation technologies and their impact on the sus-
tainability of agricultural systems
Modern technologies of adaptation to climate change
are key for ensuring the sustainability of agricultur-
al systems in arid regions. One of the most effective
methods of optimising water balance is the use of drip
irrigation. This technology allows water to be delivered
directly to the root system of plants, reducing evapo-
ration losses and ensuring uniform soil moisturisation.
In the study, the use of drip irrigation reduced water
use in sorghum, chickpea and pearl millet by 20-30%
compared to traditional methods such as surface or
furrow irrigation. These traditional methods, which are
widespread in the region, are characterised by signif-
icant water losses due to evaporation and infiltration
into the lower soil layers. A more precise and rational
drip irrigation approach promotes more efficient use of
limited water resources (Yeraliyeva et al., 2017).
Agricultural practices such as mulching and the
use of organic fertilisers play an equally important role.
Mulching helps to retain moisture in the soil, reduc-
ing evaporation and preventing the growth of weeds
that compete with crops for resources. Organic fertil-
isers help to improve soil structure, increase its fertility
and resistance to erosion (Yzakanov et al., 2024). The
application of these methods in this experiment in-
creased the yield of millet by 15%, sorghum by 10%
and chickpea by 8%, which is a significant result for
dry conditions. Digital technologies such as the use of
DJI Agras T30 drones, Sentinel-2 satellite imagery and
Delta-T Devices soil moisture sensors provide accurate
monitoring of crop health and enable rapid response to
changes in growing conditions. In this study, analysing
sensor data helped optimise irrigation schedules and
prevent crop losses due to water deficits during critical
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phases of plant development. Such tools also help to
reduce manual labour costs and improve farm manage-
ment efficiency.

The introduction of the technologies described has
the potential to significantly reduce the dependence of
the agricultural sector on water resources, which is es-
pecially important in the arid regions of Central Asia.
The use of drip irrigation, agronomic techniques and
digital tools increases yields, ensuring stable produc-
tion even with limited rainfall. This helps improve food
security and reduce the risks of crop failure, which can
have catastrophic consequences for local communities.

The prospects for applying the results go beyond
Kyrgyzstan. Given similar climatic conditions, these
technologies can be adapted for other Central Asian
countries, such as Kazakhstan, Tajikistan and Uzbeki-
stan. In addition, the developed adaptation strategies
can form the basis for international agricultural de-
velopment programmes in regions affected by climate
change. The findings demonstrate the need to integrate
adaptation technologies into national agricultural sup-
port programmes. The sustainability of agriculture in
arid conditions depends on a combination of innovative
methods of water management, rational use of fertil-
isers and the development of digital infrastructure. This
will not only help to preserve crops but also ensure the
long-term development of the agricultural sector in dif-
ficult climatic conditions.

The results of the study confirmed the high effi-
ciency of modern adaptation technologies to increase
the sustainability of agricultural systems in the arid
conditions of Kyrgyzstan. The analysis of water use
efficiency revealed the advantages of millet as the
most economical crop in terms of WUE, while sorghum
demonstrates high productivity with the availability of
water resources. Chickpea requires optimisation of ag-
ronomic approaches to increase its yield and economic
efficiency. The use of drip irrigation, mulching, organ-
ic fertilisers and digital technologies has significantly
improved yields and minimised dependence on water
resources. The prospects for implementing the results
in other regions make them an important contribution
to combating the global impact of climate change.

DISCUSSION

Adaptation of agriculture to climate change is a key
topic of many contemporary studies. The results of this
study should be compared with the findings of other
authors to identify similarities, differences and gener-
alise effective approaches to increasing the resilience
of agricultural systems. G. Jalilova et al. (2024) note
that farmers in South Issyk-Kul are adapting to climate
change using drought-tolerant crops such as sorghum
and millet. This is in line with the findings of this study
where pearl millet showed the highest WUE (0.9 kg/m?3),
demonstrating significant potential under drought con-
ditions. C. Reyer et al. (2017) confirmed the importance




of drought-tolerant crops in reducing the negative
impacts of climate change on food security in Central
Asia. Similarly, in this study, sorghum and pearl millet
showed high drought tolerance, providing stable yields
(4.2 t/ha and 3.6 t/ha, respectively), even under water
deficit and elevated temperatures, highlighting their
potential for regional agricultural adaptation.

A. Mirzabaev (2018) emphasised the importance of
water management technologies for increasing crop
yields in Central Asia. The results of the present study
confirm the author’s conclusions: the introduction of
drip irrigation reduced crop water consumption by 20-
30% without losses in yield. Similar conclusions were
reached by S. Xenarios et al. (2019), which emphasis-
es the importance of innovative irrigation methods for
water conservation in mountainous areas of Central
Asia. N. Michurina et al. (2024) emphasised the need
to adapt agricultural technologies to reduce environ-
mental impacts and improve resource efficiency. In this
study, as in the author’s conclusions, drip irrigation was
identified as one of the key methods for optimising wa-
ter use. Similar conclusions were drawn by I. Ologeh et
al. (2021), who noted that traditional technologies
adapted to modern conditions can increase crop yields,
especially in water-scarce areas.

Authors D. Saleh and S. Bejaoui (2024) emphasised
the importance of government policies, including sub-
sidies for drought-tolerant crops, to reduce financial
risks and stimulate innovation in agriculture. Their
study confirms the effectiveness of sorghum and millet,
which demonstrate high drought tolerance and stable
yields, therefore beneficial for Kyrgyzstan. Government
support, particularly through subsidies, could acceler-
ate the scaling up of these crops. L. Kuhn et al. (2023)
emphasise the importance of climate insurance to pro-
tect farmers from economic losses due to climate-relat-
ed risks such as droughts. Combining climate insurance
with the introduction of drought-tolerant crops creates
an effective tool to increase the resilience of the Kyrgyz
agricultural sector. This will ensure production stability
and protect farmers’incomes. C. Parra-Lopez et al. (2024)
and L.Kuhl (2020) highlighted the importance of digital
technologies, such as crop monitoring systems, for ag-
ricultural adaptation to climate change. Although this
study focuses on agronomic aspects, such technologies
can be useful for monitoring water consumption and
optimising resources. A. Usta and M. Gok (2024) and
G. Adamides et al. (2020) highlight the benefits of pre-
cision farming technologies for reducing water losses
and increasing yields. The introduction of drip irriga-
tion in this study confirms the effectiveness of such ap-
proaches for drought-tolerant crops.

R. Henry (2020) emphasised the importance of in-
novations in plant genetics to increase crop resilience
to stress. The results of the present study confirm the
potential of drought-tolerant crops such as sorghum,
which demonstrated high yields (4.2 t/ha) even under
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water scarcity conditions.F.Nadeem et al. (2024) empha-
sise the selection of species and varieties for semi-ar-
id regions, which is confirmed by the performance of
millet in this study due to its highest WUE (0.9 kg/m3).
S. Njinju et al. (2022) noted the importance of growing
climate-tolerant sorghum varieties for food security in
dryland areas. In this study, sorghum also proved to be
effective by combining high yield with developed tol-
erance to heat stress. Similar conclusions were reached
by J. Matias et al. (2024) in an analysis of the prospects
for new crops for food security. This correlates with the
results of this study, where sorghum and pearl millet
proved their adaptability to climate change, providing
stable yields even under harsh conditions. A. Hossain et
al. (2022) emphasised the importance of integrating
climate resilient technologies into traditional agricul-
ture, which confirms the feasibility of using technol-
ogies such as drip irrigation to increase productivity.

T.Zenda et al. (2020) investigated the adaptation of
cereal crops to drought, emphasising the importance
of a well-developed root system for crop survival un-
der water deficit conditions. The study observed that
a deep root system allows crops to access moisture
from lower soil layers even during prolonged droughts.
These findings are in good agreement with the results
of this study where sorghum showed the ability to uti-
lise water efficiently from deep soil layers, yielding high
yields (4.2 t/ha). Similar observations were cited by
K. Georgis and B.T. Makonnen (2024) who emphasises
the importance of adopting policies and technologies
to support dryland farming, including the integration of
drought-tolerant crops. The results of this study confirm
that sorghum and pearl millet cultivation can be a key
element of such strategies, ensuring stable productivity
even in water-stressed areas such as Kyrgyzstan. The
use of innovative agronomic solutions such as drip irri-
gation can significantly improve the efficiency of these
crops, reducing water use without sacrificing yields.

A. Ghaffar et al. (2022) analysed the adaptation of
crop rotation systems and crop selection to ensure sus-
tainable agricultural production in the face of climate
change. The authors emphasise that the integration
of drought-tolerant crops into crop rotations allows
for optimised use of water and land resources while
reducing the risk of crop losses due to climate stress.
The results of this study confirm similar conclusions:
sorghum and millet demonstrated high productivity
even under conditions of limited water supply, which
underlines their suitability for rotation. In addition,
chickpeas, although with lower yields, can be used as
a nitrogen-fixing crop, improving soil fertility and re-
ducing the need for chemical fertilisers. The consist-
ency between these results points to the versatility of
approaches to agricultural adaptation in regions with
similar climate challenges. Comparison of the results
with those of other authors confirms the effectiveness
of sorghum and millet cultivation as a strategy for
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agricultural adaptation to climate change. The combi-
nation of drought-tolerant crops with modern technol-
ogies such as drip irrigation and monitoring systems
is a versatile approach that can be scaled up to other
regions with similar climate challenges.

CONCLUSIONS

The research significantly contributed to the study of
the adaptive capacity of agriculture to climate change,
addressing the cultivation of drought-tolerant crops
such as sorghum, chickpea and millet in Kyrgyzstan.The
agronomic characteristics of the crops under study con-
firmed their effectiveness in the face of climate change.
Sorghum showed the highest yield (4.2 t/ha) and
demonstrated excellent resistance to drought and high
temperatures due to its developed root system. Millet
was distinguished by its short growing season (85 days)
and lowest water consumption (4,000 litres/ha),
therefore a promising crop for regions with limited wa-
ter resources. Chickpea, despite having the lowest yield
(1.8 t/ha), showed potential for use in crop rotations
due to its nitrogen fixation properties in the soil.
Analysis of water use efficiency showed that mil-
let was the most efficient crop in terms of water bal-
ance, with a WUE of 0.9 kg/m?3. Sorghum, despite its
higher water use, also showed high productivity (WUE
0.81 kg/m?). Chickpea, with a WUE of 0.4 kg/m3, re-
quires improved agronomic approaches to improve
water use efficiency. The introduction of modern tech-

results of the study confirmed that the use of drip irri-
gation can ensure a stable harvest even in conditions
of water shortage, increasing the resilience of agricul-
ture to climate challenges.

The study highlighted the significant adaptive
potential of drought-tolerant crops in ensuring food
security. Sorghum and millet have proven their ability
to maintain stable yields even in harsh climatic condi-
tions, which opens prospects for their scaling up in re-
gions with similar climate challenges. To increase the
efficiency of using drought-tolerant crops, it is recom-
mended to scale up experiments in different soil and
climatic zones of Kyrgyzstan. Attention should also be
paid to breeding new varieties of sorghum, chickpea
and millet adapted to local conditions. Further re-
search should address the impact of the introduction
of these crops on socio-economic indicators, includ-
ing farm profitability and water use efficiency. The in-
tegration of digital technologies for monitoring and
managing water use could be a promising way to en-
sure the sustainability of the agricultural sector in the
face of climate change. One of the main limitations of
this study is that the experiments were conducted in
only one local field, which may reduce the generality
of the conclusions for other regions. In addition, the
study focused mainly on agronomic parameters and
did not cover socio-economic aspects of drought-tol-
erant crop adoption at the country level.

nologies, in particular drip irrigation, has significantly ACKNOWLEDGEMENTS
increased the efficiency of water use in this study. The  None.
use of this technology has optimised water consump-
tion, reducing it by 20-30% compared to traditional CONFLICT OF INTEREST
methods such as surface or rainwater irrigation. The  None.

REFERENCES

[1] Adamides,G.,Kalatzis,N., Stylianou,A.,Marianos,N., Chatzipapadopoulos,F., Giannakopoulou, M., Papadavid, G.,
Vassiliou, V., & Neocleous, D. (2020). Smart farming techniques for climate change adaptation in Cyprus.
Atmosphere, 11(6), article number 557. doi: 10.3390/atmos11060557.

[2] Chumarey, . (2023). Building the Central Asia drought information system in Kyrgyzstan: Progress and the way
forward: Feasibility study. Retrieved from https://hdl.handle.net/20.500.12870/5684.

[3] Convention on Biological Diversity.

(1992, June).

Retrieved from https://treaties.un.org/doc/

treaties/1992/06/19920605%2008-44%20pm/ch_xxvii_08p.pdf.

[4]

[5]
[6]

[7]
[8]

Convention on International Trade in Endangered Species of Wild Fauna and Flora.(1973,March).Retrieved from
https://www.fisheries.noaa.gov/national/international-affairs/convention-international-trade-endangered-
species-wild-fauna-and.

del Mar Polo, M., Santos, N., & Berdikeey, S. (2022). Adoption of climate technologies in the agrifood system:
Investment opportunities in the Kyrgyz Republic. Rome: Food and Agriculture Organization.

Emileva, B., Kuhn, L., Bobojonoy, I., & Glauben, T. (2023). The role of smartphone-based weather information
acquisition on climate change perception accuracy: Cross-country evidence from Kyrgyzstan, Mongolia and
Uzbekistan. Climate Risk Management, 41, article number 100537. doi: 10.1016/j.crm.2023.100537.

Georgis, K., & Makonnen, B.T. (2024). Dryland agriculture and climate change adaptation in Sub-Saharan Africa: A
case of policies, technologies, and strategies in Ethiopia. Addis Ababa: AICCRA Working Paper.

Ghaffar, A., Rahman, M.H., Ahmed, S., Haider, G., Ahmad, I., Khan, M.A., Afzaal, M., Ahmed, S., Fahad, S., Hussain,
J., & Ahmed, A. (2022). Adaptations in cropping system and pattern for sustainable crops production under
climate change scenarios. In S. Fahad, M. Adnan & S. Saud (Eds.), Improvement of plant production in the era of
climate change (pp. 1-34). Boca Raton: CRC Press. doi: 10.1201/9781003286417-1.

Scientific Horizons, 2025, Vol. 28, No. 2



https://doi.org/10.3390/atmos11060557
https://hdl.handle.net/20.500.12870/5684
https://treaties.un.org/doc/treaties/1992/06/19920605%2008-44%20pm/ch_xxvii_08p.pdf
https://treaties.un.org/doc/treaties/1992/06/19920605%2008-44%20pm/ch_xxvii_08p.pdf
https://www.fisheries.noaa.gov/national/international-affairs/convention-international-trade-endangered-species-wild-fauna-and
https://www.fisheries.noaa.gov/national/international-affairs/convention-international-trade-endangered-species-wild-fauna-and
https://openknowledge.fao.org/server/api/core/bitstreams/84ae55dc-8efc-4a0c-8e37-c95c32bb3259/content
https://openknowledge.fao.org/server/api/core/bitstreams/84ae55dc-8efc-4a0c-8e37-c95c32bb3259/content
https://doi.org/10.1016/j.crm.2023.100537
https://hdl.handle.net/10568/141481
https://hdl.handle.net/10568/141481
https://doi.org/10.1201/9781003286417-1

Sultanbaeva et al.

[9] Henry, RJ. (2020). Innovations in plant genetics adapting agriculture to climate change. Current Opinion in
Plant Biology, 56,168-173. doi: 10.1016/].pbi.2019.11.004.

[10] Hossain, A., Maitra, S., Garai, S., Mondal, M., Ahmed, A., Islam, M.T., & Nayak, J. (2022). Next-generation climate-
resilient agricultural technology in traditional farming for food and nutritional safety in the modern era of
climate change. In K.R. Hakeem & T. Aftab (Eds.), Plant abiotic stress physiology (pp.225-291). New York: Apple
Academic Press. doi: 10.1201/9781003180562.

[11] Jalilova, G., Orozakunova, R., Baibagyshey, E., Karabaey, N., & Shergaziev, U. (2024). Farmers’ adaptation to
climate change in Southern Issyk-Kul. Ekonomika APK, 31(4), 23-32. doi: 10.32317/ekon.apk/4.2024.23.

[12] Juyal, P. (2021). Economic botany, genetics and plant breeding. Retrieved from http://dspace.kottakkalfarook
college.edu.in:8001/jspui/bitstream/123456789/6883/1/PLANT%20BREEDING.pdf.

[13] Kadyraliev,A.,Oruntayeva,A.,Kamchybekov, T.,Abyshov, I., & Bigali,A.(2024). The impact of digital technologies
on the effectiveness of management in the agricultural sector of the Kyrgyz Republic. Ekonomika APK, 31(5),
35-44.doi: 10.32317/ekon.apk/5.2024.35.

[14] Keneni, K.H. (2022). Smallholder farmers’ adaptation practices to climate change: A case study of chiro woreda of
West Hararghe zone, Oromia regional state, Ethiopia. Haramaya: Haramaya University.

[15] Khakimov, P. (2019). Climate change in Afghanistan, Kyrgyzstan, and Tajikistan: Trends and adaptation policies
conducive to innovation. Khorog: University of Central Asia.

[16] Kuhl, L. (2020). Technology transfer and adoption for smallholder climate change adaptation: Opportunities
and challenges. Climate and Development, 12(4), 353-368.doi: 10.1080/17565529.2019.1630349.

[17] Kuhn, L., Bobojonov, ., Eltazarov, S., Emileva, B., Filler, G., Goedecke, T., Khodjaey, S., Moritz, L., & Glauben, T.
(2023). Final report joint project climate adaptation: Increasing climate resilience in Central Asia-sustainable rural
development through the introduction of innovative agricultural insurance products (KLimALEZ). Leibniz: Leibniz
Institute of Agricultural Development in Transition Economies.

[18] Liang,L.,Zhang,F., & Qin,K.(2021).Assessing the vulnerability of agricultural systems to drought in Kyrgyzstan.
Water, 13(21), article number 3117. doi: 10.3390/w13213117.

[19] Matias,J., et al. (2024).From farm to fork’: Exploring the potential of nutrient-rich and stress-resilient emergent
crops for sustainable and healthy food in the Mediterranean region in the face of climate change challenges.
Plants, 13(14), article number 1914. doi: 10.3390/plants13141914.

[20] Michurina, N., Amosova, A., Kosnikov, S., Vasilieva, D., & Kholopov, Y. (2024). Adaptation of agricultural
technologies to climate change: Ways to reduce environmental impact. E3S Web of Conferences, 510, article
number 03017. doi: 10.1051/e3sconf/202451003017.

[21] Mirzabaeyv, A. (2018). Improving the resilience of Central Asian agriculture to weather variability and climate
change. In L. Lipper, N. McCarthy, D. Zilberman, S. Asfaw & G. Branca (Eds.), Climate smart agriculture: Building
resilience to climate change (pp.477-495). Cham: Springer. doi: 10.1007/978-3-319-61194-5_20.

[22] Mukambaeva, I.B., Akylbekova, N.I., Mukambaev, NJ., Lailieva, EJ., & Nam, LE. (2024). Comparing the
agricultural sectors of the EAEU countries through the sustainability index. In Ecological footprint of the modern
economy and the ways to reduce it. Advances in science, technology & innovation (pp.431-435). Cham: Springer.
doi: 10.1007/978-3-031-49711-7 71.

[23] Nadeem, F.,Rehman,A., Ullah,A., Farooq, M., & Siddique, K.H. (2024). 7 managing drought in semi-arid regions
through improved varieties and choice of species. In R. Lal (Ed.), Managing soil drought (pp. 212-234). Boca
Raton: CRC Press. doi: 10.1201/b23132.

[24] Njinju, S.M., Gweyi, J.0., & Mayoli, R.N. (2022). Drought-resilient climate Smart sorghum varieties for food and
industrial use in marginal frontier areas of Kenya. In A. Kumar, P. Kumar, S.S. Singh, B.H. Trisasongko & M. Rani
(Eds.), Agriculture, livestock production and aquaculture: Advances for smallholder farming systems (pp. 33-44).
Cham: Springer. doi: 10.1007/978-3-030-93262-6_3.

[25] Ologeh, I., Adesina, F., & Sobanke, V. (2021). Assessment of farmers’ indigenous technology adoptions for
climate change adaptation in Nigeria. In W. Leal Filho, N. Oguge, D. Ayal, L. Adeleke & I.da Silva (Eds.), African
handbook of climate change adaptation (pp. 117-129). Cham: Springer. doi: 10.1007/978-3-030-45106-6_28.

[26] Park, S., Lim, C.H., Kim, SJ., Isaev, E., Choi, S.E., Lee, S.D., & Lee, W.K. (2021). Assessing climate change impact
on cropland suitability in Kyrgyzstan: Where are potential high-quality cropland and the way to the future.
Agronomy, 11(8), article number 1490. doi: 10.3390/agronomy11081490.

[27] Parra-Loépez, C., Abdallah, S.B., Garcia-Garcia, G., Hassoun, A., Sanchez-Zamora, P., Trollman, H., Jagtap, S., &
Carmona-Torres, C. (2024). Integrating digital technologies in agriculture for climate change adaptation and
mitigation: State of the art and future perspectives. Computers and Electronics in Agriculture, 226, article number
109412.doi: 10.1016/j.compag.2024.109412.

[28] Pashchenko, Y.M. (2024). How to prevent negative phenomena of drought in maize cultivation. Retrieved from
https://mais-seeds.com/kak-predotvratit-negativnye-yavleniya-zasuhi-pri-vyrashhivanii-kukuruzy/.

Scientific Horizons, 2025, Vol. 28, No. 2

113


https://doi.org/10.1016/j.pbi.2019.11.004
https://doi.org/10.1201/9781003180562
https://doi.org/10.32317/ekon.apk/4.2024.23
http://dspace.kottakkalfarookcollege.edu.in:8001/jspui/bitstream/123456789/6883/1/PLANT%20BREEDING.pdf
http://dspace.kottakkalfarookcollege.edu.in:8001/jspui/bitstream/123456789/6883/1/PLANT%20BREEDING.pdf
https://doi.org/10.32317/ekon.apk/5.2024.35
http://ir.haramaya.edu.et/hru/bitstream/handle/123456789/6021/Geography%20and%20Environmental%20Studies.pdf.pdf?sequence=1
http://ir.haramaya.edu.et/hru/bitstream/handle/123456789/6021/Geography%20and%20Environmental%20Studies.pdf.pdf?sequence=1
https://ucentralasia.org/media/gijd5apb/uca-ippa-wp55eng.pdf
https://ucentralasia.org/media/gijd5apb/uca-ippa-wp55eng.pdf
https://doi.org/10.1080/17565529.2019.1630349
https://www.klimalez.org/microsites/www.klimalez.org/fileadmin/News/FinalReport_KlimALEZ_eng.pdf
https://www.klimalez.org/microsites/www.klimalez.org/fileadmin/News/FinalReport_KlimALEZ_eng.pdf
https://doi.org/10.3390/w13213117
https://doi.org/10.3390/plants13141914
https://doi.org/10.1051/e3sconf/202451003017
https://doi.org/10.1007/978-3-319-61194-5_20
https://doi.org/10.1007/978-3-031-49711-7_71
https://doi.org/10.1201/b23132
https://doi.org/10.1007/978-3-030-93262-6_3
https://doi.org/10.1007/978-3-030-45106-6_28
https://doi.org/10.3390/agronomy11081490
https://doi.org/10.1016/j.compag.2024.109412
https://mais-seeds.com/kak-predotvratit-negativnye-yavleniya-zasuhi-pri-vyrashhivanii-kukuruzy/

114

Technologies for adaptation of agriculture to climate change in Kyrgyzstan

[29] Pichura, V., Potravka, L., Domaratskiy, Y., & Drobitko, A. (2024). Water balance of winter wheat following
different precursors on the Ukrainian steppe. International Journal of Environmental Studies, 81(1), 324-341.
doi: 10.1080/00207233.2024.2314891.

[30] Reyer, C.P, et al. (2017). Climate change impacts in Central Asia and their implications for development.
Regional Environmental Change, 17,1639-1650. doi: 10.1007/s10113-015-0893-z.

[31] Saleh,D., & Bejaoui,S.(2024). Kyrgyz Republic Country strategic opportunities programme. Retrieved from https://
webapps.ifad.org/members/eb-seminars/2024-09-11-12-EB-consultation/docs/EB-2024-0R-10.pdf.

[32] Shebanina, O., Poltorak, A., & Chorniy, D. (2024). Global food security: Challenges in achieving the Sustainable
Development Goals.Ukrainian Black Sea RegionAgrarian Science,28(4),9-20.doi:10.56407/bs.agrarian/4.2024.09.

[33] State Programme for the Development of the Agro-Industrial Complex of the Republic of Kazakhstan for 2017-
2021.(2017). Retrieved from https://faoclex.fao.org/docs/pdf/kaz179522.pdf.

[34] Thomas, T.S., Akramoy, K.T., Robertson, R.D., Nazareth, V., & Ilyasov, J. (2021). Climate change, agriculture, and
potential crop yields in Central Asia. Washington: International Food Policy Research Institute.

[35] Usta,A.T., & Gok, M.S. (2024). Adaptation to climate change: State of art technologies. Kybernetes. doi: 10.1108/
K-11-2023-2517.

[36] Xenarios, S., Gafurov, A., Schmidt-Vogt, D., Sehring, J., Manandhar, S., Hergarten, C., Shigaeva, J., &
Foggin, M. (2019). Climate change and adaptation of mountain societies in Central Asia: Uncertainties,
knowledge gaps, and data constraints. Regional Environmental Change, 19, 1339-1352. doi: 10.1007/s10113-
018-1384-9.

[37] Yeraliyeva, Z.M., Kurmanbayeva, M.S., Makhmudova, K.K., Koley, T.P, & Kenesbayev, S.M. (2017). Comparative
characteristic of two cultivars of winter common wheat (Triticum aestivum L.) cultivated in the southeast of
Kazakhstan using the drip irrigation technology. OnLine Journal of Biological Sciences, 17(2),41-49.doi: 10.3844/
0jbsci.2017.40.49.

[38] Yzakanov, T., Mamytkanov, S., Ibraimova, Zh., Steinberg, E., & Alibakieva, Ch. (2024). Study of agroforestry
methods and techniques for soil erosion prevention on agricultural land. Ukrainian Journal of Forest and Wood
Science, 15(4),72-89. doi: 10.31548 /forest/4.2024.72.

[39] Zenda, T., Liu, S., & Duan, H. (2020). Adapting cereal grain crops to drought stress: 2020 and beyond.
In S. Fahad, S. Saud, Y. Chen, C. Wu & D. Wang (Eds.), Abiotic stress in plants. London: Intech. doi: 10.5772/
intechopen.93845.

Scientific Horizons, 2025, Vol. 28, No. 2



https://doi.org/10.1080/00207233.2024.2314891
https://doi.org/10.1007/s10113-015-0893-z
https://webapps.ifad.org/members/eb-seminars/2024-09-11-12-EB-consultation/docs/EB-2024-OR-10.pdf
https://webapps.ifad.org/members/eb-seminars/2024-09-11-12-EB-consultation/docs/EB-2024-OR-10.pdf
https://doi.org/10.56407/bs.agrarian/4.2024.09
https://faolex.fao.org/docs/pdf/kaz179522.pdf
https://cgspace.cgiar.org/server/api/core/bitstreams/3fe10ce5-f8fa-490b-bbbb-36f1ab8c7247/content
https://cgspace.cgiar.org/server/api/core/bitstreams/3fe10ce5-f8fa-490b-bbbb-36f1ab8c7247/content
https://doi.org/10.1108/K-11-2023-2517
https://doi.org/10.1108/K-11-2023-2517
https://doi.org/10.1007/s10113-018-1384-9
https://doi.org/10.1007/s10113-018-1384-9
https://doi.org/10.3844/ojbsci.2017.40.49
https://doi.org/10.3844/ojbsci.2017.40.49
https://doi.org/10.31548/forest/4.2024.72
https://doi.org/10.5772/intechopen.93845
https://doi.org/10.5772/intechopen.93845

Sultanbaeva et al.

TexHonorii aganTauii cinibcbKoro rocnogapcrsa Ao 3MiH KniMaty B KUpruscraHi

BikTopis CyntaH6aeBa
KaHampaT cinbCbKorocnoaapcbKMx Hayk, B.0. OLEHTa
Kuprusbkuii HauioHanbHuiA arpapHuii yHiBepcuTeT iMeHi K.I. CkpsbiHa
720005, Byn. Meneposa, 68, M. bikek, Kuprusbka Pecnybnika
https://orcid.org/0000-0002-8914-8778

Aiinypa batukoBa
KaHaouaaT TeXHIYHMX HayK, LOLEHT
Kuprusbkuii HauioHanbHui arpapHuit yHisepcuTeT iMeHi K.I. CkpsbiHa
720005, Byn. Meneposa, 68, M. biwkek, Knuprusoka Pecnybnika
https://orcid.org/0000-0001-9173-3151
Taanaii6ek OcMOHKaHOB
KaHaouaaT TeXHIYHMX HayK, OOUEHT
Kuprusbkuii HauioHanbHuiA arpapHuii yHiBepcuTeT iMeHi K.I. CkpsbiHa
720005, Byn. MenepoBa, 68, M. bikek, Kuprusbka Pecnybnika
https://orcid.org/0000-0002-3486-980X

Hypnan Mamartos
KaHaunaaT CinbCbKOrocnoaapCbKnx Hayk, AOLEHT
Kuprusbko-Typeubkuid yHiBepcuTteT «MaHac»
720044, npocn. Y. AiitmMaToBa, 56, M. biwkek, Knuprusbka Pecnybnika
https://orcid.org/0000-0002-9055-3949
bakuTtbek Ackapanies
KaHaouaaT TeXHIYHMX HayK, OOUEHT
Kuprusbkuii HauioHanbHuiA arpapHuii yHiBepcuTeT iMeHi K.I. CkpsbiHa
720005, Byn. MenepoBa, 68, M. biwkek, Kuprusbka Pecnybnika
https://orcid.org/0000-0002-7180-2671

AHoTauif. 3MiHM KniMaTy CYyTTEBO BMAMBAKTb HA MPOAYKTUBHICTb CiNbCbKOro rocnoAapcTea, 0cobaMBO B perioHax
i3 nocylwnmBuMMM yMOBaMM, Takux 9K KuprusctaH. BupollyBaHHS NOCYXOCTIMKMX KYNbTyp Ta BMPOBALXKEHHS
{HHOBALIMHMX arpoOTEXHONOTIN € KIHOYOBUMMU 3axofamMu Aa9 3abe3nevyeHHs CTIMKOCTI arpapHoOro cektopy. Metoto
[OCnigKeHHs 6yna ouiHka edeKTUBHOCTI BMPOLLYBAHHA MOCYXOCTIMKMX KyAbTyp (COPro, HyTy Ta Npoca) B yMOBax
KupruscraHy, a TakoX aHanis BNAMBY Cy4aCHWX TEXHOJOTIM, TAKMX K KpanauHHE 3pOLLEHHS, Ha NPOAYKTUBHICTb Ta
edeKTMBHICTb BUKOPUCTAHHS BOAHMX pecypciB. [locnigkeHHS NpoBOAMAOCS NPOTArOM ABOX BereTaliHUX CE30HIB
(2023-2024 poku) Ha ekcnepuMeHTanbHOMY noni B KupruscraHi.YpoxarHicTb BU3Havanm Wisixom 36MpaHHs BpOXato
3 fingHok nnoweto 1 M? i nopanblloro nepepaxyHky Ha rektap. BopocnoxueaHHS BUMIpOBasM 3 BUKOPUCTAHHAM
rpyHToBMx Bonoromipis Delta-T Devices (rmbunm 10, 20 i 30 cm). KoedilieHT epeKTUBHOCTI BUKOPUCTAHHS BOAM
(WUE) po3paxoByBaBCS $iK CMiBBiLHOLEHHS BPOXAMHOCTI A0 06CAry BOLOCNOXMBAHHSA. MOHITOPUHT CTaHy MoCiBiB
34iMcHI0BaBCS 3a gonomoroto gpoHis DJI Agras T30 Ta cynyTHMKOBMX 3HiMKIB Sentinel-2. Pe3ynbtatv foCnifXeHHS
niaTBEpAMNN BUCOKY edeKTUBHICTb COpro Ta npoca B ymoBax nocyxu. Copro npoAeMOHCTPYBaNo HamBuLLy
BPOXaMHicTb — 4,2 T/ra — 3aBASKM PO3BMHEHIN KOpEeHeBilM cucTeMi Ta 34aTHOCTI edheKTMBHO BMKOPUCTOBYBATU
Bosory. [poco nokasano Haikpawumit WUE - 0,9 kr/M* — i HaltHuK4e BogocnoxuBaHHs (4000 n/ra), wo pobuTs ioro
ONTMMANBHOK KYNbTYPOI AN PerioHiB i3 AediunToM BOAHMX pecypcCiB. HyT, HE3BaXarum Ha HWXKYY BPOXKaMHICTb
(1,8 1/ra), BUSABMBCA NepCneKTMBHUM 3aBASKM CBOIM a30T(iKCyBaNbHUM BNACTUBOCTAM, SIKi MOKPALLYKOTb POAIOYICTb
IPYHTY. 3aCTOCYBAHHA KpanesbHOro 3pOLlleHHs 4ano 3MOry 3HM3UTKU BOAOCNOXMBAHHA Ha 20-30%, 3abe3nevyoun
CTabinbHMI piBEHb BPOXAMHOCTI HABiTb B yMOBax AediLuTy BOAM. MOHITOPUHT 3 BUKOPUCTAHHSAM APOHIB i BOSIOrOMipiB
CNpUsB ONTUMI3aLlii 3pOLEHHS, NiABULLYIOYM TOYHICTb YNIPaBAiHHSA BOAHWMM pecypcamMu. [locniaxeHHs niaTBepanno
e@eKTUBHICTb BUPOLLYBAHHS COPro Ta Npoca K KAOYOBUX KYNbTYp ANS NOCYLUAUBUX PEriOHIB, @ TAKOX AOLLINbHICTb
iHTerpauii KpanjMHHOro 3pOoLIeHHS ANS MiABULLEHHS CTIMKOCTI CiNbCbKOro rocnofapcrea. Pesynbtatv pobotu
Ha[alTb HAYKOBO OOr'pYHTOBaHiI pekoMeHAalii Ans gepMepiB i NONITUKIB LWOAO BNPOBAAXKEHHS MOCYXOCTIMKMUX
KYNbTYp i Cy4acHMX arpotexHonorin y Kupruscrani, Wo cnpusatume npoaoBonbYin 6e3newi Ta CTiIMKOCTi arpapHoOro
CEKTOpY B YMOBAX 3MiHU KNiMaTy
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