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Abstract: Hydrogels are polymeric materials with exceptional water absorption 

properties, capable of retaining significant amounts of water and gradually releasing it 

into the soil. This unique characteristic makes hydrogels highly beneficial for managing 

field water supply, especially in regions experiencing water scarcity and unpredictable 

rainfall. By integrating hydrogels into the soil, it is possible to enhance water retention, 

reduce the frequency of irrigation, and promote healthier plant growth. This study 

investigates the potential applications of hydrogels in agriculture, focusing on their role 

in improving water use efficiency. Furthermore, it explores the interaction between 

hydrogels, soil properties, plant growth, and environmental sustainability. The results 

indicate that hydrogel technology can play a key role in water conservation, boost crop 

yields, and support sustainable farming practices. However, the effectiveness of 

hydrogels depends on factors such as soil type, polymer composition, and environmental 

conditions. Future studies should address the long-term impacts of hydrogels on soil 

health and evaluate their economic viability for large-scale agricultural implementation. 
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Introduction 

Water is one of the most vital resources for agriculture, directly affecting crop growth, 

yield, and overall productivity. However, water scarcity and irregular rainfall patterns 

are major challenges in many regions around the world, threatening the sustainability of 

agricultural practices. Consequently, there is an increasing demand for innovative water 

management strategies to optimize the use of available water resources. One promising 
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solution is the use of hydrogels—superabsorbent polymeric materials that can 

absorb and gradually release water into the soil[1-8]. 

In recent years, hydrogels have attracted considerable attention for their ability to 

enhance soil moisture retention and reduce the frequency of irrigation. These polymers 

can absorb water up to several hundred times their weight, releasing it slowly according 

to the needs of the soil and plants. By incorporating hydrogels into agricultural soils, 

farmers can improve water availability for crops, especially in arid and semi-arid regions 

where drought stress often hampers agricultural productivity[9-18]. 

The effectiveness of hydrogels in agricultural applications is influenced by various 

factors such as soil type, polymer composition, and environmental conditions. Research 

has demonstrated that hydrogels can improve soil structure, enhance water-use 

efficiency, and support plant growth by maintaining optimal moisture levels. 

Additionally, hydrogels reduce water loss through evaporation and leaching, 

contributing to more sustainable water management. Despite these benefits, the large-

scale implementation of hydrogel technology in agriculture requires careful evaluation 

of its economic feasibility and potential long-term environmental impacts[18-22]. 

This paper aims to explore the applications of hydrogels in field water management. It 

examines the interactions between hydrogels, soil, and plants, highlighting their role in 

reducing irrigation needs and promoting sustainable agricultural practices. Furthermore, 

the paper discusses the challenges and limitations of hydrogel use, including cost 

considerations and potential effects on soil health. Understanding these factors is 

essential to assess the viability of hydrogels as a solution for improving water supply 

management in agricultural fields. 

By adopting hydrogel-based water retention techniques, farmers can mitigate drought 

impacts, enhance crop yields, and create more resilient agricultural systems. This 

research emphasizes the importance of hydrogel applications in modern agriculture and 

underscores the need for further studies to optimize their use under varying climatic and 

soil conditions. 

Method and Results 

To evaluate the effectiveness of hydrogels in managing field water supply, an 

experimental study was conducted on a selected agricultural plot. The research focused 

on soil moisture retention, plant growth, and irrigation efficiency. The experiment was 

carried out on a one-hectare field cultivated with the Bukhara-102 cotton variety. The 

soil type was sandy loam, which has a moderate water-holding capacity. 

A commercial potassium polyacrylate hydrogel was used, applied at a concentration of 

2.5 grams per kilogram of soil. The hydrogel was incorporated into the soil at a depth of 
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10 centimeters before planting. A control plot without hydrogel treatment was 

also maintained for comparison. Drip irrigation was applied uniformly across all plots, 

and soil moisture levels were monitored weekly using a TDR soil moisture sensor. 

Plant growth parameters, including plant height and leaf area, were recorded every two 

weeks. At the end of the growing season, the final crop yield was measured in kilograms 

per hectare to determine the impact of hydrogel application on productivity (fig-1). 

 
Fig-1. Hydrogel in plant 

The study demonstrated a significant improvement in soil moisture retention and plant 

growth in the hydrogel-treated plots compared to the control. The soil in the hydrogel-

treated plots retained 30 to 40 percent more moisture than the control plots, reducing the 

need for frequent irrigation. Moisture levels remained stable for a longer duration, 

ensuring that plants had consistent access to water. 

Plants grown in the hydrogel-treated soil exhibited better growth, being 12 to 15 percent 

taller than those in the control plot. Additionally, the leaf area was 20 percent larger, 

suggesting improved water and nutrient absorption. The final crop yield in the hydrogel-

treated plot was 17 percent higher than in the control plot, confirming the beneficial 

effects of hydrogels on agricultural productivity. 

The following diagram illustrates the soil moisture retention trend over 60 days, 

comparing hydrogel-treated and control plots table 1. 

Table 1   
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Days Hydrogel-Treated Soil (%) Control Soil (%) 

0 28 28 

10 25 20 

20 22 16 

30 19 12 

40 17 9 

50 15 6 

60 12 4 

Discussion 

The results highlight the potential of hydrogels in improving soil water retention and 

enhancing crop performance. By extending soil moisture availability, hydrogels help 

reduce irrigation frequency, making them a valuable tool for sustainable agricultural 

practices. Future research should focus on the long-term effects of hydrogels on soil 

structure and their economic feasibility for large-scale implementation. 

Conclusion 

The study demonstrated that hydrogels play a significant role in improving soil moisture 

retention and enhancing crop productivity. By absorbing and gradually releasing water, 

hydrogels help maintain optimal soil moisture levels, reducing irrigation frequency and 

preventing water loss through evaporation and leaching. The experimental results 

showed that hydrogel-treated soil retained 30 to 40 percent more moisture than untreated 

soil, leading to better plant growth and higher crop yields. 

The application of hydrogels in agriculture can be particularly beneficial in regions 

facing water scarcity and erratic rainfall. By stabilizing soil moisture, these materials 

support sustainable farming practices and enhance the resilience of crops against 

drought stress. The increase in plant height, leaf area, and yield in hydrogel-treated plots 

highlights their effectiveness in improving agricultural productivity. 

Despite these benefits, factors such as soil type, hydrogel composition, and economic 

feasibility should be considered for large-scale implementation. Further research is 

needed to assess the long-term effects of hydrogels on soil health and their 

environmental impact. With proper application and continued development, hydrogels 

can become a valuable tool for efficient water management in agriculture, promoting 

sustainability and food security. 

 

 



SYNAPSES: Insights Across the Disciplines 
ISSN: 3060-4737 Volume 2, Issue 6 IF(Impact Factor) 10.92 / 2024  

 

312                                                                                                   Synapses: Insights Across the Disciplines 

 
 

Literature 

1. Elmuradov, B., Saitkulov, F., Mirvaliev, Z., Ibragimov, A., Karimov, S., & 

Karimov, B. (2025, February). Synthesis of urea derivatives based on toluyl isocyanate. 

In AIP Conference Proceedings (Vol. 3268, No. 1). AIP Publishing. 

2. Saitkulov, F., Zakhidov, Q., Khaydarov, G., Sabirova, D., Ergasheva, H., 

Mirvaliev, Z., & Usnatdinova, S. (2025, February). Methods for the synthesis of 2-

phenylquinazolin-4-one and studying methylation reactions in different solvents. In AIP 

Conference Proceedings (Vol. 3268, No. 1). AIP Publishing. 

3. Ashurova Z. B., Khaydarov G. Sh., Saitkulov F. E., Giyasov K. (2024). 

Determination of Certain Heavy Metals in Food Composition by Voltammetric Method. 

Austrian Journal of Technical and Natural Sciences 2024, No 3 – 4. 

https://doi.org/10.29013/AJT-24-11.12-47-51 

4. Saitkulov F.E., Qayumova F. Synthesis of coordination compounds based on 

cobalt(ii) salts and quinazolin-4-ONE and the study of their biological activity // 

Universum: химия и биология : электрон. научн. журн. 2025. 2(128). URL: 

https://7universum.com/ru/nature/archive/item/19240   

5. Akhmedova, N., Elmuradov, B., & Saitkulov, F. (2024). Optimal synthesis 

methods and biological activity study of 2-(4-nitrophenil) quinazolin-4-

one. Multidisciplinary Journal of Science and Technology, 4(12), 1192-1200. 

6. Shoyimovich, K. G., Orinbaevna, B. G., & Ergashevich, S. F. (2024). Synthesis 

and study of biological activity of coordination compounds based on copper (ii) nitrate 

and quinazolin-4-one. Austrian Journal of Technical & Natural Sciences. 

7. Shoyimovich, K. G., Ergashevich, S. F., & Kuchkar, G. (2024). Determination of 

certain heavy metals in food composition by voltammetric method. Austrian Journal of 

Technical & Natural Sciences. 

8. Abduxakimovich, Z. F., Ergashevich, S. F., Jurayevich, E. B., & Xurramovich, 

A. R. (2024). Study of benzylation reactions of quinazolin-4-one in the presence of 

various solvents. Austrian Journal of Technical and Natural Sciences, 52. 

9. Bekboyevich, O. O., Ergashevich, S. F., Zoxidovich, M. Z., & Orinaevna, B. G. 

(2024). Investigation of aromatic properties of xinazolin-4-one. Austrian Journal of 

Technical & Natural Sciences. 

10. Juraevich, E. C., Ergashevich, S. F., Kuchkar, G., & Kilichovna, M. N. (2024). 

Convenient synthesis of 2-methylquinazolin-4-thione based on anthranyl acid. austrian 

journal of technical and natural sciences, 26. 

https://doi.org/10.29013/AJT-24-11.12-47-51
https://7universum.com/ru/nature/archive/item/19240


SYNAPSES: Insights Across the Disciplines 
ISSN: 3060-4737 Volume 2, Issue 6 IF(Impact Factor) 10.92 / 2024  

 

313                                                                                                   Synapses: Insights Across the Disciplines 

 
 

11. Saitkulov, F., Sapaev, B., Nasimov, K., Kurbanova, D., & Tursunova, N. 

(2023). Structure, aromatic properties and preparation of the quinazolin-4-one molecule. 

In E3S Web of Conferences (Vol. 389, p. 03075). EDP Sciences. 

12. Саиткулов, Ф. Э., Элмурадов, Б. Ж., & Гиясов, К. (2023). Алкилирования 

хиназолин-4-она «мягким» и «жестким» алкилирующими агентами. Universum: 

химия и биология, (1-2 (103)), 53-56. 

13. Baymuratova, G., Nasimov, K., & Saitkulov, F. (2023). Synthesis of 6-

benzylaminopurine and the study of biological active properties of cotton C-6424 plants. 

In E3S Web of Conferences (Vol. 389, p. 03032). EDP Sciences. 

14. Saitkulov, F. E., & Elmuradov, B. (2024). Zh., Sapaev B. Syntheses and 

biological activity of quyinazolin-4-one hydrochloride. Austrian Journal of Technical 

and Natural Sciences, (1-2), 28-35. 

15. Sapayev, B., Saitkulov, F. E., Normurodov, O. U., Haydarov, G., & Ergashyev, 

B. (2023). Studying Complex Compounds of Cobalt (II)-Chlooride 

Gecsacrystolohydrate with Acetamide and Making Refractory Fabrics from Them. 

16. Saitkulov, F., Qilichyeva, N., Abdullayev, B., Anvarov, A., & Ergasheva, M. 

(2022). Titrimetric analysis of calcium cation in" megaton" variety of 

cabbage. International Bulletin of Applied Science and Technology, 2(10), 134-135. 

17. Саиткулов, Ф. Э., Гиясов, К., & Элмурадов, Б. Ж. (2022). Метилирование 2-

метилхиназолин-4-она «мягкими» и «жесткими» метилирующими 

агентами. Universum: химия и биология, (11-2 (101)), 49-51. 

18. Boymuratova, G. O., Saitkulov, F. E., Nasimov, K. M., & Tugalov, M. (2022). 

To Examine the Processes of Biochemical Action Of 6-Benzylaminopurine with Cobalt-

II Nitrate Dihydrate on the “Morus Alba” Variety of Moraceae Plant. Eurasian Journal 

of Physics, Chemistry and Mathematics, 3, 39-42. 

19. Saitkulov, F., Begimqulov, I., Oʻralova, N., Gulimmatova, R., & Rahmonqulova, 

D. (2022). Biochemical effects of the coordination compound of cobalt-II nitrate 

quinazolin-4-one with 3-indolyl acetic acid in the “amber” plants grades phaseolus 

aureus. Академические исследования в современной науке, 1(17), 263-267. 

20. Saitkulov, F., Ibragimov, B. R., Allaqulova, M., Umarov, S., & Xolmatova, M. 

(2022). The role in the plant and the functions of nutrients. Инновационные 

исследования в науке, 1(16), 29-31. 

21. Saitkulov, F., Elmuradov, B., O’lmasova, K., & Alijonova, A. (2023). preparation 

of a mixed coordination compound cobalt-ii nitrate hexahydrate with quinazoline-4-one 

and 3-indolylacetic acid on “amber” plants of the phaseolus aureus variety. Science and 

innovation in the education system, 2(1), 81-87. 



SYNAPSES: Insights Across the Disciplines 
ISSN: 3060-4737 Volume 2, Issue 6 IF(Impact Factor) 10.92 / 2024  

 

314                                                                                                   Synapses: Insights Across the Disciplines 

 
 

22. Sapaev, B., Saitkulov, F. E., Abdinazarov, A. B., Nasimov, K. M., & 

Isoqjonova, M. (2023). Kobalt (II)-synthesis of the coordination compound formed by 

quinazolin-4-on and indole fatty acids of nitrate dihydrate and study of the processes of 

influence on the varieties of cotton “Buxara-102”,“Namangan-77”,“Sultan”,“Unkurgan-

1”,“C-6524”. In E3S Web of Conferences (Vol. 452, p. 01033). EDP Sciences.  


