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ydrogel is a gel-like material composed of water-absorbent polymers or networks of 

polymers that have the ability to absorb and retain significant amounts of water. It is 

created by cross-linking hydrophilic polymer chains, resulting in a three-dimensional 

structure capable of holding water within its matrix. The term "hydrogel" comes from the 

combination of "hydro" (meaning water) and "gel" (referring to a semi-solid or jelly-like 

substance). 

 Hydrogels can be made from various natural or synthetic polymers, including 

polyacrylates, polyvinyl alcohol (PVA), polyethylene glycol (PEG), and sodium polyacrylate 

(Thakur et al 2018). The choice of polymer determines the specific properties of the 

hydrogel, such as its water absorption capacity, mechanical strength, and biocompatibility. 

 The unique characteristic of hydrogels is their ability to absorb water while maintaining 

their structural integrity. They can absorb and retain water many times their own weight, 

forming a gel-like consistency. Hydrogels act as water reservoirs within the soil. They retain 

substantial quantities of water, releasing it gradually to plant roots during dry periods (Kaur, 

et al 2023).   

 Hydrogels have a wide range of applications, including biomedical and pharmaceutical 

industries, agriculture, personal care products, and environmental engineering. In agriculture, 

hydrogels are used to improve water management by enhancing soil moisture retention, 

promoting seed germination, optimizing nutrient delivery, and mitigating soil erosion. They 

can also serve as carriers for controlled-release fertilizers, pesticides, or beneficial 

microorganisms, providing targeted and sustainable solutions for crop production. 

 Overall, hydrogels play a crucial role in various fields by providing a means to control 

and manipulate water within a gel-like structure, offering benefits such as improved water 

efficiency, enhanced plant growth, and environmental sustainability. 

Properties of Hydrogels 
1. Water Absorption: Hydrogels have the ability to absorb and retain a large amount of 

water relative to their own weight. 

2. Swelling Behavior: When in contact with water or other fluids, hydrogels swell and 

increase in volume. 

3. Mechanical Strength: The mechanical properties of hydrogels can vary, ranging from soft 

and elastic to rigid and brittle, depending on the cross-linking density and composition. 

4. Biocompatibility: Many hydrogels are biocompatible, meaning they are non-toxic and 

compatible with living tissues, making them suitable for biomedical applications. 
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5. Stimuli Responsiveness: Some hydrogels exhibit responsiveness to external stimuli such 

as temperature, pH, light, or electric fields (Deng, & Guo, 2021), leading to changes in their 

swelling behavior or release of encapsulated substances. 

Types of Hydrogels 
1. Natural Hydrogels: Derived from natural sources such as polysaccharides (e.g., agarose, 

alginate, chitosan) or proteins (e.g., collagen, gelatin), these hydrogels are biocompatible and 

often exhibit good biodegradability. 

2. Synthetic Hydrogels: Made from synthetic polymers, including polyacrylates, polyvinyl 

alcohol (PVA), polyethylene glycol (PEG), and poly(N-isopropylacrylamide) (PNIPAAm). 

Synthetic hydrogels offer a high degree of tunability in terms of their properties. 

3. Semi-Synthetic Hydrogels: These hydrogels are created by modifying natural polymers 

with synthetic components, combining the advantages of both natural and synthetic 

hydrogels. 

4. Hybrid Hydrogels: Combinations of different polymers, nanoparticles, or other materials 

are used to create hybrid hydrogels with unique properties, such as enhanced mechanical 

strength or conductivity. 

5. pH-Responsive Hydrogels: These hydrogels change their swelling behavior or release 

properties in response to changes in pH, making them suitable for drug delivery or sensor 

applications. 

6. Temperature-Sensitive Hydrogels: These hydrogels exhibit changes in their swelling 

behavior or sol-gel transition in response to temperature variations, allowing controlled 

release or encapsulation of substances. 

7. Electroactive Hydrogels: Hydrogels that respond to electrical stimuli, such as changes in 

conductivity, shape, or release of ions or drugs, have applications in fields like tissue 

engineering and drug delivery. 

Role of hydrogel in agriculture 
The role of hydrogel in agriculture is multi-faceted, offering several benefits and applications 

that contribute to improved water management, nutrient delivery, soil health, and overall crop 

productivity. Here are some key roles of hydrogel in agriculture: 

1. Water Retention and Irrigation Efficiency: 

- Hydrogels have a high water-absorption capacity, allowing them to absorb and retain 

significant amounts of water. 

- When incorporated into the soil or added to irrigation water, hydrogels act as reservoirs, 

releasing water gradually to plants as needed. 

- This helps to improve irrigation efficiency, reduce water loss through evaporation and 

runoff, and ensure a consistent water supply to crops, particularly in arid or drought-prone 

areas. 

2. Moisture Regulation and Drought Mitigation: 

- Hydrogels help to regulate soil moisture by absorbing excess water during wet periods 

and releasing it to plants during dry periods. 

- This moisture regulation capability is particularly beneficial in mitigating the effects of 

drought, ensuring plants have access to water even during water-scarce conditions. 

- It helps to maintain optimal soil moisture levels for seed germination, plant growth, and 

overall crop health. 

3. Nutrient Delivery and Fertilizer Efficiency: 

- Hydrogels can be used as carriers for nutrients and fertilizers, enabling controlled-release 

and targeted delivery to plants' root zones. 

- This controlled-release mechanism helps to optimize nutrient availability, reduce nutrient 

leaching, and enhance fertilizer efficiency. 
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- Hydrogels also improve nutrient uptake by reducing nutrient losses due to runoff or 

volatilization, ensuring that plants receive a sufficient and balanced supply of essential 

nutrients. 

4. Soil Health and Erosion Control: 

- Hydrogels contribute to improving soil health by enhancing soil structure, aggregation, 

and moisture-holding capacity. 

- They help to prevent soil erosion by reducing water runoff and enhancing soil stability, 

particularly on sloping or vulnerable agricultural land. 

- Hydrogels promote healthy root development by providing a favorable environment for 

root growth, allowing plants to access nutrients and water more efficiently. 

5. Seed Germination and Plant Establishment: 

- Hydrogels can enhance seed germination rates by providing a moist and favorable 

environment around the seeds (Akhter, et al 2004). 

- They help to improve seedling establishment and root development, contributing to 

higher survival rates and healthier plant growth. 

6. Environmental Sustainability: 

- The use of hydrogels in agriculture promotes water conservation, reduces water usage, 

and minimizes the environmental impact of irrigation practices. 

- By improving nutrient efficiency and reducing fertilizer runoff, hydrogels contribute to 

sustainable farming practices and help mitigate environmental pollution. 

Conclusion 
The use of hydrogel in agriculture offers significant benefits and applications. It improves 

water management, enhances nutrient delivery, promotes seed germination, and contributes 

to soil health and erosion control. Hydrogel technology plays a crucial role in optimizing 

irrigation efficiency, conserving water, and improving crop resilience in challenging 

environmental conditions. Additionally, hydrogel application promotes sustainable farming 

practices and mitigates the negative impact of agricultural activities on the environment. 

Overall, hydrogel in agriculture is a promising solution for achieving higher crop 

productivity, resource efficiency, and environmental sustainability. 
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