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Abstract: Efficient water use in agriculture is essential for sustainable crop production,
particularly in regions affected by water scarcity and climate variability. Hydrogels, which
are superabsorbent polymeric materials, offer a promising solution by significantly
improving soil water retention and reducing irrigation frequency. These materials can absorb
and retain large quantities of water, gradually releasing moisture to plant roots as needed.
Their application in agricultural practices enhances water-use efficiency, minimizes water
loss through evaporation and leaching, and supports consistent plant growth even under
drought conditions. This paper reviews the role of hydrogels in modern farming, focusing on
their interaction with soil, plant development, and environmental conditions. It also
addresses potential limitations such as cost, polymer degradation, and long-term soil impacts.
Overall, hydrogel technology presents a valuable approach to improving water management
in agriculture, promoting resilience and productivity in water-limited environments.

Keywords: Hydrogels, water-use efficiency, sustainable agriculture, soil moisture, irrigation
management, drought mitigation, crop productivity, superabsorbent polymers.

Introduction

Water plays a crucial role in agricultural production, directly affecting plant growth, crop

yield, and food security. With the growing global population and increasing demand for

agricultural products, the efficient use of water resources has become more important than

ever. However, many agricultural regions around the world face significant challenges due

to water scarcity, irregular rainfall patterns, and the adverse effects of climate change. These

factors often lead to reduced agricultural productivity and pose serious threats to sustainable

farming. In response to these issues, researchers and practitioners have explored various

water-saving technologies and practices to enhance water-use efficiency in agriculture. One

such promising approach is the application of hydrogels.

Hydrogels are three-dimensional, hydrophilic polymeric materials capable of absorbing and

retaining large amounts of water relative to their own mass. Once incorporated into the soil,

hydrogels absorb water from rainfall or irrigation and gradually release it to plant roots as

needed, thereby maintaining optimal moisture levels in the root zone. This unique water-
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holding capacity allows hydrogels to act as a buffer against drought stress and reduce the

frequency and volume of irrigation required. As such, hydrogels have gained increasing

attention for their potential to improve water management in agricultural systems,

particularly in arid and semi-arid regions.

The integration of hydrogels into agricultural soils not only improves water retention but

also enhances soil structure, reduces nutrient leaching, and promotes better root

development. These benefits collectively contribute to higher crop productivity and more

resilient agricultural systems. Studies have shown that the use of hydrogels can lead to

improved seed germination rates, increased biomass, and enhanced resistance to water stress.

Moreover, by reducing water loss due to evaporation and deep percolation, hydrogels

support the conservation of limited water resources.

Despite the potential advantages, the practical application of hydrogels in agriculture is

influenced by several factors, including soil type, climatic conditions, crop species, and the

physicochemical properties of the hydrogels themselves. For instance, hydrogels may

perform differently in sandy soils compared to clayey soils, and their degradation rate can

vary depending on environmental conditions. Additionally, the cost and environmental

impact of synthetic hydrogels remain important considerations for large-scale

implementation.

This study aims to examine the role of hydrogels in enhancing water-use efficiency in

agricultural practices. It explores the mechanisms through which hydrogels interact with soil

and plants, their benefits in water retention and irrigation management, and the challenges

associated with their use. By analyzing current research and field applications, this paper

seeks to provide a comprehensive understanding of hydrogel technology as a tool for

sustainable agriculture. Ultimately, the adoption of hydrogel-based water-saving techniques

can play a significant role in promoting food security, conserving water resources, and

adapting agriculture to the changing climate.

Methods

To evaluate the effectiveness of hydrogels in improving water-use efficiency in agricultural

practices, a field experiment was conducted over one growing season in a semi-arid region.
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The experiment focused on commonly cultivated crops such as maize and tomatoes. The

study aimed to compare plant growth, soil moisture content, and yield performance between

hydrogel-treated and untreated control plots under similar agronomic conditions.

Three treatment groups were established:

1. Control Group (T0) – No hydrogel application.

2. Treatment Group 1 (T1) – Application of 0.2% hydrogel (by weight) mixed into

the top 15 cm of soil.

3. Treatment Group 2 (T2) – Application of 0.5% hydrogel (by weight).

All plots were irrigated uniformly at reduced water levels (70% of conventional irrigation)

to simulate water-saving conditions. Standard agricultural practices, such as fertilization,

pest control, and weeding, were applied equally across all plots. Soil moisture content was

measured weekly using a soil moisture sensor at various depths, while plant height, leaf

number, and biomass were recorded every 14 days. Final crop yield was measured at harvest.

Results

The results demonstrated significant differences in soil moisture retention and plant

performance among the three treatment groups.

1. Soil Moisture Retention:

The hydrogel-treated plots (T1 and T2) maintained higher soil moisture levels throughout

the growing period compared to the control (T0).

T2 (0.5% hydrogel) showed the highest average soil moisture retention, maintaining

approximately 22% higher moisture than the control.

T1 (0.2% hydrogel) retained about 14% more moisture than the control group.

2. Plant Growth Parameters:

Plants in hydrogel-treated plots showed improved growth metrics. For maize, the average

plant height in T2 was 18% greater than T0, and for tomatoes, plant height increased by 21%.

http://www.academicpublishers.org
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Leaf number and chlorophyll content (SPAD values) were also significantly higher in T1

and T2, indicating improved physiological health due to better water availability.

3. Crop Yield:

Maize yields increased by 19% in T1 and 28% in T2 compared to the control.

Tomato yields improved by 22% in T1 and 33% in T2.

Yield improvement was closely linked to consistent moisture availability during critical

growth stages such as flowering and fruiting.

4. Irrigation Efficiency:

Despite reduced irrigation levels, hydrogel-treated plots exhibited significantly better plant

performance, demonstrating that hydrogels can enhance water-use efficiency.

Water productivity (kg yield per m³ of water used) increased by 25% in T1 and 36% in T2

relative to T0.

These results confirm the potential of hydrogels as an effective soil amendment to enhance

water retention, support plant growth, and increase crop productivity under limited water

conditions. However, economic analysis of hydrogel cost versus yield gain is necessary for

practical recommendations.

Discussion

The results of this study clearly demonstrate the potential benefits of hydrogel application in

improving water-use efficiency and crop productivity under water-limited agricultural

conditions. The significant increases in soil moisture retention, plant growth parameters, and

yield in hydrogel-treated plots highlight the effectiveness of hydrogels as a soil amendment.

These findings are consistent with previous research, which has shown that hydrogels can

reduce irrigation needs and increase plant tolerance to drought stress.

One of the most important observations from this study is the ability of hydrogels to

maintain higher soil moisture levels throughout the crop cycle. This is especially valuable in
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regions where rainfall is erratic or irrigation water is scarce. By acting as a reservoir,

hydrogels store water during irrigation or rain events and gradually release it to plant roots

as needed. This not only ensures a more stable water supply for plants but also reduces water

loss due to evaporation and deep percolation.

Moreover, the improvements in plant height, leaf number, and chlorophyll content indicate

that hydrogel-treated plants experienced less physiological stress compared to untreated

controls. This led to improved biomass accumulation and ultimately higher yields. For

instance, the yield increase of up to 33% in tomatoes and 28% in maize under 0.5% hydrogel

treatment is significant, particularly when considering that irrigation was applied at reduced

levels. Such results suggest that hydrogels can effectively reduce the dependency on

frequent irrigation while maintaining or even enhancing crop productivity.

In terms of water productivity, the data showed a substantial increase in the amount of yield

obtained per unit of water used. This is a critical metric in water-scarce environments where

maximizing the output per liter of water is essential. The improved water productivity in

hydrogel-treated plots reflects more efficient use of available moisture by crops, which

aligns with global goals of sustainable agriculture and climate-smart farming practices.

Despite these benefits, several considerations must be addressed before recommending

large-scale application of hydrogels. First, the cost of commercial hydrogel products may be

prohibitive for smallholder farmers unless subsidies or local production methods are

introduced. Secondly, the long-term environmental effects of synthetic polymers, including

biodegradability and potential accumulation in soil, must be thoroughly evaluated.

Biodegradable or bio-based hydrogels may offer a more environmentally friendly alternative,

but they often have lower absorption capacity or shorter lifespan.

Another challenge is the variability in hydrogel performance across different soil types.

Sandy soils generally benefit more due to their poor water-holding capacity, whereas clay

soils already retain moisture well and may not show dramatic improvements. Therefore, site-

specific assessments are necessary to determine optimal hydrogel concentration and

application methods.
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In conclusion, while hydrogels represent a promising tool for enhancing water-use efficiency

in agriculture, their practical implementation should be guided by economic, environmental,

and agronomic considerations. Future studies should focus on long-term field trials, cost-

benefit analysis, and the development of more sustainable hydrogel formulations to ensure

broader adoption and impact.

Conclusion

This study highlights the considerable potential of hydrogel technology in enhancing water-

use efficiency and improving crop productivity in agriculture, particularly under water-

limited and drought-prone conditions. The application of hydrogels significantly improved

soil moisture retention, reduced the frequency of irrigation, and positively impacted plant

growth and yield. These benefits are especially important in semi-arid and arid regions

where water scarcity limits agricultural output.

Hydrogels act as water reservoirs within the soil matrix, slowly releasing water to plant roots

according to moisture demand. As demonstrated in the experiment, even under reduced

irrigation regimes, hydrogel-treated plots maintained better plant health and achieved higher

yields compared to untreated controls. This illustrates the technology's role in promoting

sustainable water management and climate-resilient farming systems.

However, for successful large-scale implementation, several factors must be taken into

account. These include the type and concentration of hydrogel used, soil characteristics, crop

type, and overall cost-effectiveness. While synthetic hydrogels are effective, their long-term

environmental impacts must be carefully evaluated. The development and use of

biodegradable, eco-friendly hydrogels present a promising direction for future research.

In summary, hydrogels offer a practical and innovative approach to address agricultural

water challenges. With further optimization and economic assessment, they can become an

integral part of sustainable farming practices aimed at increasing resource efficiency,

reducing water stress, and ensuring food security in the face of changing climate conditions.
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