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Abstract. Climate change significantly impacts agricultural productivity, especially 
in arid regions such as Kyrgyzstan. The cultivation of drought-resistant crops and 
the introduction of innovative agricultural technologies are key measures to ensure 
the sustainability of the agricultural sector. The study aimed to assess the efficiency 
of growing drought-tolerant crops (sorghum, chickpea and millet) in Kyrgyzstan, as 
well as to analyse the impact of modern technologies, such as drip irrigation, on 
productivity and efficiency of water use. The study was conducted during two growing 
seasons (2023-2024) in an experimental field in Kyrgyzstan. Yields were determined 
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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 

by harvesting 1 m2 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/m3 – 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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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 

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 m2 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):

А = W×As
Ws

  ,                               (1)

where A – total leaf area (cm2); W – mass of fleshly har-
vested leaves (g); As – area of sample part of the leaves 
(cm2); 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  = x
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]:

СВА  = a
b
  ,                                (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  
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(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 

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).

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

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

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).

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

Table 2. Agronomic characteristics of the crops under study

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 a 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/m3, which 
confirms its efficiency in converting limited water re-
sources into crop yields. Sorghum had a coefficient of 
0.81 kg/m3, which is the second highest considering its 
high-water use. Chickpea showed the lowest coefficient 
of 0.4 kg/m3, 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).

Crop Water consumption (l/ha) Yield (t/ha) WUE (kg/m3)

Sorghum 5,200 4.2 0.81

Chickpea 4,500 1.8 0.4

Millet 4,000 3.6 0.9

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

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/m3) 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/m3), 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. 

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).

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)
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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 

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/m3), 
demonstrating significant potential under drought con-
ditions. C. Reyer et al. (2017) confirmed the importance 
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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-López 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.  Gök  (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 

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. Matías 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/m3. Sorghum, despite its 
higher water use, also showed high productivity (WUE 
0.81  kg/m3). Chickpea, with a WUE of 0.4  kg/m3, re-
quires improved agronomic approaches to improve 
water use efficiency. The introduction of modern tech-
nologies, in particular drip irrigation, has significantly 
increased the efficiency of water use in this study. The 
use of this technology has optimised water consump-
tion, reducing it by 20-30% compared to traditional 
methods such as surface or rainwater irrigation. The 

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.
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Анотація. Зміни клімату суттєво впливають на продуктивність сільського господарства, особливо в регіонах 
із посушливими умовами, таких як Киргизстан. Вирощування посухостійких культур та впровадження 
інноваційних агротехнологій є ключовими заходами для забезпечення стійкості аграрного сектору. Метою 
дослідження була оцінка ефективності вирощування посухостійких культур (сорго, нуту та проса) в умовах 
Киргизстану, а також аналіз впливу сучасних технологій, таких як краплинне зрошення, на продуктивність та 
ефективність використання водних ресурсів. Дослідження проводилося протягом двох вегетаційних сезонів 
(2023-2024 роки) на експериментальному полі в Киргизстані. Урожайність визначали шляхом збирання врожаю 
з ділянок площею 1 м2 і подальшого перерахунку на гектар. Водоспоживання вимірювали з використанням 
ґрунтових вологомірів Delta-T Devices (глибини 10, 20 і 30 см). Коефіцієнт ефективності використання води 
(WUE) розраховувався як співвідношення врожайності до обсягу водоспоживання. Моніторинг стану посівів 
здійснювався за допомогою дронів DJI Agras T30 та супутникових знімків Sentinel-2. Результати дослідження 
підтвердили високу ефективність сорго та проса в умовах посухи. Сорго продемонструвало найвищу 
врожайність – 4,2  т/га – завдяки розвиненій кореневій системі та здатності ефективно використовувати 
вологу. Просо показало найкращий WUE – 0,9 кг/м3 – і найнижче водоспоживання (4000 л/га), що робить його 
оптимальною культурою для регіонів із дефіцитом водних ресурсів. Нут, незважаючи на нижчу врожайність 
(1,8 т/га), виявився перспективним завдяки своїм азотфіксувальним властивостям, які покращують родючість 
ґрунту. Застосування крапельного зрошення дало змогу знизити водоспоживання на 20-30%, забезпечуючи 
стабільний рівень врожайності навіть в умовах дефіциту води. Моніторинг з використанням дронів і вологомірів 
сприяв оптимізації зрошення, підвищуючи точність управління водними ресурсами. Дослідження підтвердило 
ефективність вирощування сорго та проса як ключових культур для посушливих регіонів, а також доцільність 
інтеграції краплинного зрошення для підвищення стійкості сільського господарства. Результати роботи 
надають науково обґрунтовані рекомендації для фермерів і політиків щодо впровадження посухостійких 
культур і сучасних агротехнологій у Киргизстані, що сприятиме продовольчій безпеці та стійкості аграрного 
сектору в умовах зміни клімату
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