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Abstract
This article examines the impact of different
irrigation regimes on the yield of winter wheat and
leguminous crops, as well as on the agrophysical
and reclamation (meliorative) condition of soils
under irrigated farming conditions of the Bukhara
region. The research was conducted through
field and laboratory experiments, in which crop
productivity and soil parameters were evaluated
under low, moderate, and optimal irrigation regimes.
The results obtained indicate that an increase in
irrigation rate led to a consistent rise in winter wheat
grain yield. The inclusion of leguminous crops in
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crop rotation significantly increased yields under
all irrigation regimes and contributed to improving
the soil nutrient regime and physical condition.
Under optimal irrigation conditions, soil moisture
retention capacity increased, while bulk density
and the content of soluble salts decreased. The
findings demonstrate that the integrated application
of appropriate irrigation regimes and crop rotation in
the cultivation ofwinterwheat and leguminous crops
is a scientifically grounded solution for achieving
high agronomic efficiency, rational use of water
resources, and preservation of soil fertility. These
conclusions are of practical importance for the
development of sustainable and resource-efficient
agricultural systems in the Bukhara region.

Keywords: irrigation regimes, winter wheat, leguminous
crops, crop rotation, yield, water use efficiency, soil
agrophysical condition, reclamation (meliorative)
condition.

1 Introduction
Under current conditions of limited water resources
and climate change, improving irrigation systems in
agriculture—particularly ensuring efficient water use
in the cultivation of winter wheat and leguminous
crops—has gained significant scientific and practical
importance. In the conditions of the Bukhara Region,
which is characterized by arid and semi-arid climates,
optimizing irrigation regimes is considered a decisive
factor not only for increasing crop productivity but
also for improving the meliorative and agrophysical
condition of soils.
Efficient use of water resources in agriculture,
especially in the cultivation of winter wheat and
leguminous crops, is one of the key directions of

29

http://dx.doi.org/10.70728/jopen.be.0126.005
http://crossmark.crossref.org/dialog/?doi=10.70728/jopen.be.0126.005&domain=pdf
https://orcid.org/0000-0002-2790-3846 
https://orcid.org/0000-0003-4951-1007
https://orcid.org/0009-0008-2033-3271
https://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.70728/jopen.be.0126.005
mailto:nl-povetkina@mail.ru


J Open
modern agrotechnologies. In recent years, the
number of scientific studies devoted to investigating
the influence of different irrigation regimes on crop
yield, water use efficiency, and the agrophysical
and meliorative condition of soils has increased
considerably.
In scientific literature, particular attention is paid to
the efficiency of irrigation systems under conditions
of limited water supply. According to research results,
when optimal irrigation regimes are applied, the
grain yield of winter wheat can be maintained or
even increased [1]. At the same time, it has been
emphasized that reducing irrigation norms contributes
to improving water use efficiency. In some studies,
the interaction between irrigation regimes and water
salinity has been analyzed, and the physiological
condition and yield indicators of winter wheat have
been investigated under different sowing methods [2].
The results indicate that when the irrigation regime is
properly selected, it is possible to obtain satisfactory
yields even when saline water is used for irrigation.
The use of organic fertilizers and the introduction
of leguminous crops into the agrosystem have been
identified as important factors in improving the
yield and grain quality of winter wheat [3]. The
nitrogen-fixing capacity of leguminous crops improves
the nutrient regime of the soil and reduces the need
for mineral fertilizers. In crop rotation systems, the
use of leguminous crops as green manure has been
reported to be effective in increasing soil moisture
reserves [4]. Such an approach improves the level of
soil water supply prior to the sowing of winter wheat
and positively influences the development of the root
system.
It has been scientifically substantiated that the joint
cultivation of wheat and leguminous crops under
deficit supplemental irrigation conditions can increase
land and water productivity [5]. This is particularly
relevant for semi-arid and water-scarce regions. It has
also been shown that optimizing the rate of nitrogen
fertilizer application in accordance with irrigation
methods can maintain grain yield while increasing
the efficiency of water and nitrogen use [6]. Moreover,
reducing nitrogen application rates is important for
ensuring environmental sustainability.
It has been determined that the integration of crop
rotation and appropriate nitrogen fertilizer rates
positively influences the growth and development
of winter wheat under deficit irrigation conditions
[7]. Alternating different crops in rotation has been

reported to enhance the biological activity of soils.
Several studies have examined the effect of cover
crops and leguminous crops on nitrogen availability
in soil and have emphasized their high effectiveness
under irrigated conditions [8]. Such agrotechnologies
contribute to improving the agrophysical properties of
soils. Research investigating the influence of irrigation,
sowing methods, and nitrogen application on the root
system of winter wheat has shown that root depth
and distribution are directly dependent on irrigation
regimes [9]. This factor is of great importance for the
efficient utilization of soil moisture.
Studies devoted to the influence of soil surface
management methods and precipitation on the
productivity of winter wheat emphasize the
importance of moisture conservation technologies
[10]. Agrosystems involving leguminous crops
further enhance the effectiveness of this process.
Recent studies have shown that the use of leguminous
green manure can increase the long-term productivity
of winter wheat as well as improve water and nitrogen
use efficiency [11, 12].
In addition, conservation tillage practices,
resource-saving irrigation technologies, and crop
rotations involving leguminous crops can ensure
stable productivity in arid regions [13, 16].
Modern studies have also demonstrated the potential
of digital technologies and IoT-based irrigation
systems to improve water use efficiency [17, 18].
Long-term observations confirm that crop rotation
has a significant effect on soil health indicators [19].
Agrotechnical and breeding approaches aimed at
improving water use efficiency in leguminous crops
are recognized as an important scientific direction for
the future development of sustainable agriculture [20].
The reviewed scientific studies indicate that the
effects of different irrigation regimes on the yield
of winter wheat and leguminous crops, as well
as on the agrophysical and meliorative condition
of soils, should be investigated comprehensively.
This provides a strong theoretical basis for the
development of resource-efficient and scientifically
grounded agrotechnologies under the conditions of
the Bukhara region [21–24].

2 Materials and Methods
The object of this study was the agrocenoses of winter
wheat and leguminous crops cultivated in irrigated
farming areas of the Bukhara Region, as well as
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the irrigated gray soils prone to salinization where
these crops are grown. Within the framework of the
research, the yield of winter wheat and leguminous
crops under different irrigation regimes, as well as
the meliorative and agrophysical indicators of the soil,
were investigated.
Experimental studies were conducted using winter
wheat varieties adapted to local climatic conditions and
leguminous crops used within crop rotation systems.
Field experiments were established in accordance
with classical agronomic requirements, based on
experimental variants and replications. Irrigation
regimes were determined according to the biological
growth stages of the crops and the level of soil
moisture.
Crop productivity was determined by measuring
grain yield per hectare, while biometric parameters
and yield components were evaluated using standard
agronomic methods. The agrophysical condition of
the soil was assessed through indicators such as bulk
density, porosity, moisture retention capacity, and
water permeability.
The meliorative condition of the soil was evaluated by
determining the level of soil salinity and the content of
soluble salts. All laboratory analyses were conducted
in accordance with the relevant national standards.
The obtained results were statistically processed and
evaluated using comparative analysis methods.
The applied research methods made it possible to
scientifically assess the influence of different irrigation
regimes on the yield of winter wheat and leguminous
crops, as well as on the meliorative and agrophysical
condition of the soil.

3 Research Results
The results of the conducted study clearly
demonstrated that different irrigation regimes
have a complex and statistically significant effect on
winter wheat yield, yield formation in the presence of
leguminous crops, as well as on the agrophysical and
meliorative condition of the soil (p < 0.05). According
to the data presented in Table 1, grain yield of winter
wheat consistently increased with an increase in
irrigation rate. Under conditions of limited irrigation,
grain yield amounted to 4.20 ± 0.18 t/ha, whereas in
the moderate irrigation treatment it increased to 5.10
± 0.22 t/ha.
The highest yield was recorded in the optimal
irrigation treatment, reaching 5.80 ± 0.25 t/ha. The

Table 1. Winter Wheat Yield under Different Irrigation
Regimes (n = 3)

Irrigation Regime Grain Yield, t/ha
(Mean ± SD)

Water Use
Efficiency, kg/m3

Low Irrigation 4.20 ± 0.18 1.10
Moderate Irrigation 5.10 ± 0.22 1.25
Optimal Irrigation 5.80 ± 0.25 1.30
LSD0.05 0.32 –

value of LSD0.05 = 0.32 t/ha confirms that the
differences between irrigation regimes are statistically
significant. This result indicates that the productivity
of winter wheat is highly dependent on the level of
water supply.
In the optimal irrigation treatment, grain yield was
1.6 t/ha higher compared with the low irrigation
treatment, and this difference was found to be
statistically significant (p < 0.05).
Water use efficiency indicators also changed
consistently with irrigation regimes. Under low
irrigation conditions, this indicator was 1.10 kg/m3,
while under optimal irrigation it increased to 1.30
kg/m3. This result indicates that under optimal
irrigation conditions, despite the increase in water
consumption, water use efficiency was maintained
due to the relatively higher increase in grain yield.
The inclusion of leguminous crops (chickpea) in the
crop rotation additionally increased winter wheat
yield under all irrigation treatments (Table 2). In
particular, under optimal irrigation conditions, the
grain yield in the wheat + legume cropping system
was 0.5 t/ha higher compared with the treatment
where only winter wheat was cultivated, and this
difference was evaluated as statistically significant
according to the LSD0.05 values (p < 0.05). This result
can be explained by the biological nitrogen fixation
capacity of leguminous crops and their positive effect
on improving the soil nutrient regime.

Table 2. Winter Wheat Yield in the Presence of Leguminous
Crops (t/ha, Mean ± SD)

Cropping System Low
Irrigation

Moderate
Irrigation

Optimal
Irrigation

Winter Wheat Only 4.20 ± 0.18 5.10 ± 0.22 5.80 ± 0.25
Wheat + Leguminous
Crop

4.60 ± 0.20 5.60 ± 0.24 6.30 ± 0.27

LSD0.05 0.29 0.31 0.34

Under optimal irrigation conditions with the inclusion
of leguminous crops, yield increased by 0.5 t/ha, and
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this difference was assessed as statistically significant
(p < 0.05).
Irrigation regimes also had a direct effect on the
agrophysical condition of the soil (Table 3). In
the optimal irrigation treatment, soil bulk density
decreased to 1.34 ± 0.03 g/cm3, while moisture
retention capacity increased to 22.7 ± 0.9%. The
LSD0.05 values confirm that these changes are
statistically significant. This result indicates an
improvement in soil structure and the formation of
a more favorable physical environment for root system
development.

Table 3. Agrophysical Indicators of the Soil (0–30 cm Layer)
Irrigation Regime Bulk Density,

g/cm3 (Mean ±
SD)

Moisture Retention
Capacity, %

Low Irrigation 1.42 ± 0.03 18.6 ± 0.7
Moderate Irrigation 1.38 ± 0.04 20.9 ± 0.8
Optimal Irrigation 1.34 ± 0.03 22.7 ± 0.9
LSD0.05 0.05 1.2

In the optimal irrigation treatment, a statistically
significant decrease in soil bulk density and an increase
in moisture retention capacity were recorded (p <
0.05).
The analysis of soil meliorative indicators also showed
that irrigation regimes play an important role (Table
4). Under low irrigation conditions, the content of
soluble salts amounted to 0.82 ± 0.04%, whereas under
optimal irrigation this indicator decreased to 0.61 ±
0.02%. According to LSD0.05 = 0.06, the difference
in salt content was statistically significant (p < 0.05).
These results indicate that under optimal irrigation
conditions the leaching of salts from the soil profile
becomes more active.
Under optimal irrigation conditions, the content of
soluble salts significantly decreased compared with
the low irrigation treatment (p < 0.05).
The obtained results confirmed that different irrigation
regimes have a statistically significant influence on
the yield of winter wheat and leguminous crops, as
well as on the agrophysical and meliorative condition
of the soil. The highest agronomic efficiency was
observed in the optimal irrigation treatment applied
in combination with leguminous crops (p < 0.05).
The research results confirmed that different irrigation
regimes have an interrelated effect on the yield of
winter wheat and leguminous crops, as well as on
the agrophysical and meliorative condition of the

Table 4. Meliorative Indicators of the Soil
Irrigation Regime Soluble Salts, % (Mean ± SD)

Moderate Irrigation 0.82 ± 0.04
Optimal Irrigation 0.69 ± 0.03
Low Irrigation 0.61 ± 0.02
LSD0.05 0.06

soil. The highest agronomic and ecological efficiency
was observed in the optimal irrigation treatment
applied in combination with leguminous crops (p <
0.05). These findings provide a scientific basis for the
implementation of resource-efficient and sustainable
agrotechnologies under the conditions of the Bukhara
region.

4 Conclusion
The results of the conducted research confirmed
that under the irrigated farming conditions of the
Bukhara region, different irrigation regimes have a
significant and statistically reliable effect on the yield
of winter wheat and leguminous crops, as well as
on the agrophysical and meliorative condition of the
soil (p < 0.05). An increase in the irrigation rate
led to a consistent increase in winter wheat grain
yield. The highest yield indicatorswere recorded in the
optimal irrigation treatment applied in combination
with leguminous crops. This result can be explained
by the stable water supply during the main biological
growth stages of the crop.
The inclusion of leguminous crops in the crop
rotation system significantly increased winter wheat
productivity under all irrigation regimes and played
an important role in improving the soil nutrient
regime. The biological nitrogen fixation capacity of
leguminous crops contributed to reducing the need
for mineral fertilizers and ensuring the stability of the
agroecosystem.
The results of soil analyses showed that under optimal
irrigation conditions, the agrophysical properties of
the soil improved, particularly through a decrease in
bulk density and an increase in moisture retention
capacity. At the same time, the meliorative condition
of the soil improved, as evidenced by a significant
reduction in the content of soluble salts.
The research results indicate that the combined
application of optimal irrigation regimes and crop
rotation in the cultivation of winter wheat and
leguminous crops represents a scientifically grounded
solution for achieving high agronomic efficiency,
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rational use of water resources, and the preservation
and enhancement of soil fertility. These conclusions
have practical significance for the implementation of
sustainable and resource-efficient agricultural systems
under the conditions of the Bukhara region.
Author Contributions: Conceptualization, N.Kh.H.;
methodology, N.Kh.H.; software, M.R.Kh.; validation,
N.L.K., N.Kh.H.; formal analysis, N.L.K.; investigation,
M.R.Kh.; resources, N.Kh.H.; data curation, N.Kh.H.;
writing–original draft preparation, N.L.K.; writing–review
and editing, N.L.K.; visualization, N.L.K.; supervision,
M.R.Kh.; project administration, N.L.K.; funding
acquisition, N.L.K. All authors have read and agreed to the
published version of the manuscript.
Funding: The authors declare that no funds, grants, or other
financial support were received during the preparation of
this manuscript.
Institutional Review Board Statement: This research did
not include any experiments involving human participants
or animals, so Institutional Review Board (IRB) approval
was not necessary.
Informed Consent Statement: This study did not involve
human subjects; therefore, informed consent was not
required.
Data Availability Statement: Data supporting the report’s
findings can be found here.
Acknowledgments: The authors would like to express
their sincere gratitude to Associate Professor Zokirjon
Isomiddinov of Kokand State University for his valuable
comments on the study results and for his assistance in the
publication of this paper.
Conflicts of Interest: The authors declare no conflicts of
interest related to this study.

References
[1] Fang, Q., Zhang, X., Shao, L., Chen, S., & Sun,

H. (2018). Assessing the performance of different
irrigation systems on winter wheat under limited
water supply. Agricultural Water Management, 196,
133–143. [Scopus]

[2] Mosaffa, H. R., & Sepaskhah, A. R. (2019).
Performance of irrigation regimes and water
salinity on winter wheat as influenced by planting
methods. Agricultural Water Management, 216,
444–456. [Scopus]

[3] Akramovna, G. L., Doniyorovich, M. F., Xaliqjonovna,
E. O., Yuldashevna, M. D., & Mamasaitovich, Q. M.
(2020). The effect of the use of organic fertilizers,
sowing legumes on the winter wheat yield and quality.
Plant Cell Biotechnology and Molecular Biology,
21(42), 73-79. [ResearchGate]

[4] Nielsen, D. C., & Vigil, M. F. (2005). Legume Green
Fallow Effect on Soil Water Content at Wheat Planting

and Wheat Yield. Agronomy Journal, 97(3), 684–689.
Portico. [Crossref]

[5] Karrou, M., & Oweis, T. (2012). Water and land
productivities of wheat and food legumes with
deficit supplemental irrigation in a Mediterranean
environment. Agricultural Water Management, 107,
94–103. [Crossref]

[6] Li, J., Wang, Z., Song, Y., Li, J., & Zhang, Y. (2022).
Effects of Reducing Nitrogen Application Rate under
Different Irrigation Methods on Grain Yield, Water
and Nitrogen Utilization in Winter Wheat. Agronomy,
12(8), 1835. [Scopus]

[7] Qin, W., Zhang, X., Chen, S., Sun, H., & Shao,
L. (2018). Crop rotation and N application rate
affecting the performance of winter wheat under
deficit irrigation. Agricultural Water Management,
210, 330–339. [Scopus]

[8] Salmerón, M., Isla, R., & Cavero, J. (2011). Effect
of winter cover crop species and planting methods
on maize yield and N availability under irrigated
Mediterranean conditions. Field Crops Research,
123(2), 89–99. [Scopus]

[9] Mehrabi, F., Sepaskhah, A. R., & Ahmadi, S. H.
(2021). Winter wheat root distribution with irrigation,
planting methods, and nitrogen application. Nutrient
Cycling in Agroecosystems, 119(2), 231–245. [Scopus]

[10] He, G., Wang, Z., Li, F., Dai, J., Li, Q., Xue, C., Cao,
H., Wang, S., & Malhi, S. S. (2016). Soil water storage
and winter wheat productivity affected by soil surface
management and precipitation in dryland of the Loess
Plateau, China. Agricultural Water Management, 171,
1–9. [Scopus]

[11] Li, X., Chen, J., Shi, J., & Tian, X. (2025). LegumeGreen
Manure Further Improves the Effects of Fertilization
on the Long-Term Yield and Water and Nitrogen
Utilization of Winter Wheat in Rainfed Agriculture.
Plants, 14(16), 2476. [Scopus]

[12] Yang, L., Cheng, L., Wang, P., Zhao, H., Zhao, J.,
Zang, H., Yang, Y., & Zeng, Z. (2025). Diversified
rotation systems improve grain yield and water use
efficiency of winter wheat under limited irrigation
in the North China Plain. The Crop Journal, 13(4),
1271–1280. [Scopus]

[13] Nurbekov, A., Umarov, S., Azizov, S., Umarov, M.,
Khaitov, B., Khalilova, L., Namozov, F., & Teshaboyev,
S. (2025). Arid irrigated winter wheat and soybean
cropping under conservation tillage systems. Frontiers
in Sustainable Food Systems, 9. [Crossref]

[14] Salehi, A., Surböck, A., Freyer, B., Friedel, J. K., &
Gollner, G. (2025). 10-Year study on the impact of
organic fertilization on winter wheat yield and quality
following lucerne and grain pea in a dry sub-humid
region under organic cultivation in Austria. Journal of
Agriculture and Food Research, 21, 101888. [Scopus]

[15] Belkher, S., Latrech, B., Bekri, W., Markwordt, F.,
Rahim, M. A., Dupont, C., Ben Abdallah, M. A.,

33

https://0000-0003-4951-1007 
https://doi.org/10.1016/j.agwat.2017.11.005 
https://doi.org/10.1016/j.agwat.2018.10.027
https://www.researchgate.net/publication/351599165_THE_EFFECT_OF_THE_USE_OF_ORGANIC_FERTILIZERS_SOWING_LEGUMES_ON_THE_WINTER_WHEAT_YIELD_AND_QUALITY
https://doi.org/10.2134/agronj2004.0071
https://doi.org/10.1016/j.agwat.2012.01.014
https://doi.org/10.3390/agronomy12081835
https://doi.org/10.1016/j.agwat.2018.08.026
https://doi.org/10.1016/j.fcr.2011.05.006
https://doi.org/10.1007/s10705-021-10120-1
https://doi.org/10.1016/j.agwat.2016.03.005
https://doi.org/10.3390/plants14162476
https://doi.org/10.1016/j.cj.2025.04.009 
https://doi.org/10.3389/fsufs.2025.1512277 
https://doi.org/10.1016/j.jafr.2025.101888 


J Open
Daghari, H., & Rezig, M. (2025). Deficit Irrigation
and an IoT-Based System for Improving Yield
and Water Use Efficiency of Winter Wheat Grown
Under Semi-Arid Conditions. Agronomy, 15(1), 157.
[Scopus]

[16] Vaziritabar, Y., Macholdt, J., Frei, M., & Honermeier,
B. (2025). Proficiency of green fallow compared
to bare fallow, grain legume and cereal pre-crops
in a long-term crop rotation. European Journal of
Agronomy, 170, 127765. [Scopus]

[17] Qiu, Y., Wang, Z., Sun, D., Lei, Y., Li, Z., & Zheng, Y.
(2025). Advances in Water and NitrogenManagement
for Intercropping Systems: Crop Growth and Soil
Environment. Agronomy, 15(8), 2000. [Scopus]

[18] Spalevic, V., Janmohammadi, M., Sabaghnia, N.,
& Kader, S. (2025). Adapting to climate change
in semiarid regions via conservation measures:
climate-smart crop rotations of food legumes in cool
seasons. Turkish Journal of Agriculture and Forestry,
49(2), 242–259. [Crossref]

[19] Jakubus, M., & Panasiewicz, K. (2025). Quantitative
Changes in Selected Soil Health Indices as a Result
of Long-Term (23-Year) Cultivation of Winter Wheat
in Various Crop Rotations: Case Study for Sandy Soil.
Agriculture, 15(13), 1456. [Scopus]

[20] Sadeque, A., Ahmed, S., Islam, M. A., Muktadir,
Md. A., Rahman, Md. Z., Islam, Md. S., Antu, U.
B., Islam, Md. M., Ismail, Z., & Idris, A. M. (2025).
Enhancingwater use efficiency in grain legumes: from
agronomic practices to breeding strategies. Journal of
Plant Nutrition, 49(2), 203–245. [Scopus]

[21] Khakimova, N. Kh., & Kurvantaev, R. (2020).
Evolyutsiya reliktovykh pochv srednego techeniya
reki Zeravshan [Evolution of relict soils of the middle
course of the Zeravshan River]. Annali d’Italia, (4),
68–71. (in Russian). [Google Scholar]

[22] Jabbarov, Z., Atoyeva, G., Sayitov, S., Kurvantaev,
R., Khakimova, N., Makhammadiev, S., Kenjaev,
Y., Makhkamova, D., Jobborov, B., Nabiyeva, G.,
Nurgaliev, N., Aliboyeva, M., & Zakirova, S. (2024).
Study on the soil pollution condition around the
domestic wastewater. E3S Web of Conferences, 497,
03005. [Scopus]

[23] Hakimova, N. X., & Kurvantayev, R. (2020). Evolution
of raflux soils of the midrange of the valley Zerafshan.
Annali-d’Italia. , (4), 68-71. [Google Scholar]

[24] Kurvantaev, R., Khakimova, N., & Vafoev, B. (2023).
Chemical properties of Zarafshon lower and middle
flow soils. E3S Web of Conferences, 389, 04015.
[Scopus]

Natalia Lvovna Kamennyh PhD (Biological
Sciences), Associate Professor, Department of
Soil Science, Geology and Landscape Science,
Russian State Agrarian University – Moscow
Timiryazev Agricultural Academy, Moscow
127550, Russia.

Hakimova Nodira Khayrilloyevna , PhD in
Biological Sciences, is currently working as
an Associate Professor at the Department of
Agricultural Product Storage and Processing
Technology, Faculty of Technology, Bukhara
State Technical University.
She was born on January 24, 1983, in

Shofirkon district of the Bukhara region,
Uzbekistan. In 2003, she graduated from
Bukhara State University with a degree in

Agrochemistry and Soil Science, and in 2008 she completed her
studies in Zoology.
She has more than 18 years of experience in educational

institutions and has been engaged in pedagogical activity in higher
education since 2017.
Dr. Hakimova is the author of more than 100 scientific

publications, including research articles published in national
journals listed by the Higher Attestation Commission of
Uzbekistan, as well as in international journals indexed in Scopus
and other foreign scientific journals. She has also authored
conference papers, educational and methodological manuals, and
monographs.

Khalilova Mamura Ravshan qizi is a doctoral
student at the Department of Irrigation and
Melioration, Faculty of Natural Resources
Management, Bukhara State Technical
University (Bukhara, Uzbekistan). She was
born on November 27, 1997, in Karakul district
of Bukhara region, Uzbekistan.
She graduated from Bukhara State

University with a degree in Soil Science in
2020 and completed her master’s degree in

Soil Science in 2022.
M.R. Khalilova has about four years of pedagogical experience

in educational institutions. Her research interests include soil
science, irrigation, and land reclamation.
She is the author of more than 20 scientific publications,

including articles published in national journals recommended by
the Higher Attestation Commission (OAK), as well as papers in
international journals and conference proceedings.

34

https://doi.org/10.3390/agronomy15010157
https://doi.org/10.1016/j.eja.2025.127765 
https://doi.org/10.3390/agronomy15082000 
https://doi.org/10.55730/1300-011x.3262 
https://doi.org/10.3390/agriculture15131456
https://doi.org/10.1080/01904167.2025.2544701
https://scholar.google.com/scholar?hl=ru&as_sdt=0%2C5&q=%D0%A5%D0%B0%D0%BA%D0%B8%D0%BC%D0%BE%D0%B2%D0%B0+%D0%9D.+%D0%A5.%2C+%D0%9A%D1%83%D1%80%D0%B2%D0%B0%D0%BD%D1%82%D0%B0%D0%B5%D0%B2+%D0%A0.+%282020%29.+%D0%AD%D0%B2%D0%BE%D0%BB%D1%8E%D1%86%D0%B8%D1%8F+%D1%80%D0%B5%D0%BB%D0%B8%D0%BA%D1%82%D0%BE%D0%B2%D1%8B%D1%85+%D0%BF%D0%BE%D1%87%D0%B2+%D1%81%D1%80%D0%B5%D0%B4%D0%BD%D0%B5%D0%B3%D0%BE+%D1%82%D0%B5%D1%87%D0%B5%D0%BD%D0%B8%D1%8F+%D1%80%D0%B5%D0%BA%D0%B8+%D0%97%D0%B5%D1%80%D0%B0%D0%B2%D1%88%D0%B0%D0%BD.+Annali-d%E2%80%99Italia.+%D0%A0%D0%B8%D0%BC%2C+%284%29%2C+68-71.&btnG= 
https://doi.org/10.1051/e3sconf/202449703005 
https://scholar.google.com/scholar?hl=ru&as_sdt=0%2C5&q=Hakimova+N%2C+Kurvantaev+R+%282020%29+Evolution+of+raflux+soils+of+the+middle+range+of+the+Zerafshan+valley.+Annali+d%E2%80%99Italia+2%284%29+P.68-71.&btnG= 
https://doi.org/10.1051/e3sconf/202338904015 

	Introduction
	Materials and Methods
	Research Results
	Conclusion
	Natalia Lvovna Kamennyh
	Hakimova Nodira Khayrilloyevna 
	Khalilova Mamura Ravshan qizi 


